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(57) Abrégé/Abstract:

In a burner in which fuel and gaseous oxidant are fed into the burner and combusted to produce a flame that extends out of an end
of the burner, the noise produced by the burner is lessened by incorporating into the burner a baffle composed of a metal plate
having a certain distribution of holes through the plate and a layer of metal filaments, and optionally a second metal plate.
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FIG. 1

(57) Abstract: In a burner in which fuel and gaseous oxidant are fed into the burner and combusted to produce a flame that extends
out of an end of the burner, the noise produced by the burner is lessened by incorporating into the burner a batfle composed of a metal
plate having a certain distribution of holes through the plate and a layer of metal filaments, and optionally a second metal plate.
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NOISE REDUCTION IN BURNERS

Field of the Invention

The present invention relates to burners and more specifically to burners that are
employed in industrial applications such as glassmelting furnaces, incinerators, cement kilns, and
power plants. In such burners fuel is combusted with gaseous oxidant to produce heat that is

employed in the industrial application to heat, melt or combust material.

Background of the Invention

The operation of industrial burners, in which streams of fuel and gaseous oxidant are fed
into a burner and combusted in the burner, can generate significant acoustic resonance which has
several drawbacks. The “Rayleigh criterion” (Rayleigh, J.L.., Nature 18 (1878) 319-321) is
commonly used for assessing the stability of a combustor. It states that if pressure and heat

release fluctuations are in phase, the instability is fed by the flame and acoustics coupling.

The acoustic resonance can be exhibited as levels of noise that are unpleasant and even
unsafe to nearby operators. In addition, interactions between the acoustic resonance and the
flame of the burner can damage the burner, for instance by causing the flame to be unstable
which can lead to overheating at certain surfaces of the burner. These phenomena are especially
pronounced in burners in which the flame is formed within an enclosed chamber of the burner

and emerges from an open end of the burner.

The present invention is a discovery of a burner that enables reduction of the acoustic

resonance that may be exhibited by the burner.

Brief Summary of the Invention

One aspect of the present invention is a burner comprising

(A)  achamber having longitudinally opposed first and second ends, and a flame opening

through the first end,;

(B) abaffle in the chamber, having an outer edge which is adjacent to the interior surface of

the chamber, the baffle having a first surface that faces toward the first end of the chamber and
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having a second surface that faces toward the second end of the chamber, and wherein the baftle
is located in the chamber so that the second baffle surface is 5 to 10 inches from the interior

surface of the second end of the chamber;

(C)  aconduit that extends from a conduit inlet outside the chamber into the chamber and
terminates at a conduit outlet in the section of the chamber that is between the first baffle surface

and the flame opening, wherein the conduit outlet opens toward the flame opening;

(D)  apassage that extends from a passage inlet outside the chamber and terminates at a
passage outlet in the section of the chamber that is between the first baffle surface and the flame

opening;

wherein the baffle comprises (1) a metal plate having a first plate surface that faces the
flame opening and a second plate surface that faces the second end of the chamber, and (2) a

layer of metal filaments in contact with the second plate surface,

wherein the metal plate is one-eighth to half an inch in thickness, and a plurality of holes one-
eighth to half an inch in diameter pass through the metal plate between the first and second plate
surfaces, in a sufficient number of holes so that the total area of the openings of all holes in each

plate surface is 30% to 50% of the surface area of the metal plate, and

wherein the layer of metal filaments is a quarter of an inch to 4 inches thick, preferably at least
1.5 inches thick, exhibits a density of up to 0.5 ounces per cubic inch, and is composed of

filaments up to 0.005 inches thick.

In yet another aspect of the present invention, the baftle further comprises a second metal
plate that is in contact with the layer of metal filaments so that said layer is sandwiched between
the second metal plate and the metal plate, and wherein the second metal plate is one-eighth to
half an inch in thickness, and a plurality of holes one-eighth to half an inch in diameter pass
through the second metal plate between its surfaces, in a sufficient number of holes so that the
total area of the openings of all holes in each surface of the second metal plate is 30% to 50% of

the surface area of the second metal plate.
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Brief Description of the Drawings

Figure 1 is a cross-sectional view of an embodiment of a burner that incorporates the

present invention.
Figure 2 is a perspective view of the exterior of the embodiment shown in Figure 1.

Figure 3 is a side cross-sectional view of an embodiment of a baffle that is useful in the

present invention.

Figure 4 is a front plan view of an embodiment of a baftle that is useful in the present

invention.

Figure 5 is a side cross-sectional view of another embodiment of a baffle that is useful in

the present invention.

Detailed Description of the Invention

The present invention is applicable with a large variety of burner configurations. It is
especially useful with burners in which one end of the flame that is formed by combustion of the
fuel and the oxidant is inside a chamber or enclosure of the burner, so that a portion of the flame
that extends from that end is also inside the chamber or enclosure of the burner, with the balance

of the flame extending out of an opening of the burner.

The Figures illustrate several embodiments of burners with which the present invention is

particularly useful.

Reference is made first to Figure 1, which is a cross-sectional view of one such burner.
Burner 100 is generally longitudinal in shape and comprises sidewall 9, first end 2, and second
end 3, which together define chamber 1 inside the burner. Ends 2 and 3 are longitudinally
opposed from each other. In a cross-section taken perpendicular to the longitudinal axis between
ends 2 and 3, the chamber 1 can be circular or rectangular, which are preferred, or can be of

another shape.

First end 2 is open, so that flame 22 having one end inside the chamber 1 can extend out

through flame opening 4 to the space outside burner 100. Flame opening 4 can comprise the
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entire opening that is defined by the ends of sidewall 9. However, the present invention is
particularly effective in embodiments in which first end 2 is partially closed by end plate 20,
such that the area of flame opening 4 is smaller than the total area of first end 2 that is defined by
the ends of sidewall 9. Second end 3 is closed, and may have one or more conduits passing
through it as described herein provided that the joint between second end 3 and any such

conduits is sealed against gas passing through the joint.

Figure 2 shows the external appearance of one such burner, in which the cross-section

that is perpendicular to the axis that extends between ends 2 and 3 is circular.

Referring again to Figure 1, conduit 10 passes from outside burner 100 into chamber 1,
Conduit 10 ends in chamber 1 at conduit outlet 12, which opens toward flame opening 4, by
which is meant that material which passes out of conduit outlet 12 is necessarily moving toward
flame opening 4. Preferably, the central axis of conduit outlet 12 passes through flame opening 4.
Conduit 10 includes conduit inlet 11 which is outside burner 100. Conduit inlet 11 can be
connected to a source of fuel to be combusted in chamber 1. Suitable fuel includes any
combustible gaseous material, such as natural gas, methane, or other combustible hydrocarbons
and mixtures thereof. In operation of the burner, fuel that emerges from conduit outlet 12

combusts in flame 22 such that one end of flame 22 is at conduit outlet 12.

Passage 15 is also provided. It extends from passage inlet 16 that is outside burner 100 to
passage outlet 17 that is inside chamber 1. Passage inlet 16 can be connected to a source of
gaseous oxidant to be combusted in chamber 1 with the fuel that is fed through conduit 10.
Suitable gaseous oxidant includes air, oxygen-enriched air, and commercial high purity oxygen.
Thus, the oxygen content of the gaseous oxidant can be that of air (about 21 vol.%) up to 95

vol.% or higher, even 99 vol.% or higher.

The burners of the present invention also include baffle 5. As seen in Figure 1, baffle 5
includes a first surface 42 that faces toward first end 2, and baffle 5 includes a second surface 43
that faces toward second end 3. Baffle 5 includes an outer edge 41 (seen in Figure 3) which
extends completely around baffle 5. Outer edge 41 is adjacent to the interior surface 13 of
chamber 1, by which is meant that either all of outer edge 41 continuously contacts the interior

surface 13, or a portion less than all of outer edge 41 contacts the interior surface 13. Where
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outer edge 41 is not in contact with interior surface 13, the gap between outer edge 41 and the
closest point on surface 13 should be up to a quarter of an inch (0.25 inch). Baffle 5 separates the
interior of chamber 1 into two sections, namely, combustion section 7 in which fuel emerging
from conduit outlet 12 is combusted, and rear section 8. Thus, both conduit outlet 12 and passage

outlet 17 are located in combustion section 7 of chamber 1.

As seen in Figure 1, burner 100 can be configured so that the locations where conduit 10
and passage 15 pass through the sidewall 9 of burner 100 are in combustion section 7. However,
if desired, conduit 11 and/or (less preferably) passage 15 can be located so that it passes through
rear section 8, in which case the conduit or passage as the case may be passes through baffle 5 so

that their respective outlets are in combustion section 7.

It has been found that when a baffle 5 as described herein, is included in the construction
and operation of a burner as described herein, the operation of the burner is accompanied by
much less noise and acoustic resonance than is observed upon combustion without the baffle. It
has been found that the baffle 5 should be located in chamber 1 so that the distance from the
interior surface 6 of second end 3 to the second surface 43 of baffle 5 should be 5 to 10 inches,
preferably about 6 inches. Surprisingly it has been found that this characteristic distance is

independent of the other dimensions of the burner and of the operating conditions of the burner.
The baftle is further described herein with reference to Figures 3, 4 and 5.

Figure 3 shows a cross-sectional view of a baffle 5 in a preferred embodiment which
comprises first surface 42 and second surface 43 as described above. In this embodiment of

baffle 5 there are two components, namely metal plate 44 and layer 46 of metal filaments.

Metal plate 44 is made of any metal that retains its shape at the combustion temperatures
which are produced in combustion section 7. Examples of suitable metals include brass and steel.
Metal plate 44 is preferably one-eighth of an inch to half an inch in thickness, where the
thickness is defined as the distance between surface 42 and rear surface 45 of metal plate 44.
Metal plate 44 should extend throughout the diametrical width of baffle 5, that is, all the way to
edge 41 all the way around baffle 5.
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As seen in Figure 3 and in Figure 4, numerous holes 47 pass through metal plate 44 from
surface 42 through to surface 45. Each hole is preferably one-eighth of an inch to half an inch in
diameter. The holes can all be the same diameter, or they can vary in diameter. There should be
enough holes 47 so that the sum of the areas of the openings of all of the holes in a surface 42 is

30% to 50%, preferably about 40%, of the total surface area of surface 42.

Baffle 5 also includes layer 46 of metal filaments. Layer 46 should be in contact with
surface 45, although of course not all of the material of which layer 46 is formed needs to be in
contact with surface 45. The metal filaments, shown as 48, are each up to 0.005 inch in diameter
and are randomly intertwined with each other sufficiently to form a unitary mat of material. Such
a mat is considered to be unitary if, when a single unitary quantity of the mat is held at one point
so that it hangs from that one point of support and is not otherwise supported, it remains as one
unitary quantity and does not break into additional pieces. The layer 46 is not a solid block but
also contains spaces between the intertwined filaments. The density (uncompressed) of the layer
should be up to 0.5 ounces per cubic inch. Suitable examples of material for layer 46 include

products known as “metal wool”, such as steel wool or brass wool.

Layer 46 when incorporated into baffle 5 should be at least a quarter of an inch (0.25
inch) thick along the axis that extends between ends 2 and 3 of chamber 1. This thickness should
preferably be up to 6 inches thick. Thicker layers are acceptable provided that the distance
between the rear surface 43 and the interior surface 6 remains as described herein. The benefit in

reduced acoustic resonance, with each additional inch of thickness of the layer 46, may decrease.

Figure 5 depicts an alternative embodiment of baffle 5, which includes metal plate 44 and
layer 46 as described herein, and which also includes a second metal plate 49 which is in contact
with surface 43 of layer 46. The characteristics of second metal plate 49 (material from which it
is made, thickness, width, the presence of holes, the areas of the holes, and the total area of holes
relative to the surface area of the surface of plate 49) are the same as the characteristics described

herein for metal plate 44.

In operation of the burner, fuel is fed through conduit outlet 12 into combustion section 7
of chamber 1, and oxidant is passed out of passage outlet 17 into combustion section 7 of

chamber 1, and they are ignited and combusted. The combustion forms a flame whose base is at
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outlet 12. The flame extends out of chamber 1 through flame opening 4. The fuel and oxidant
should be fed at relative mass flow rates so that the oxygen in the oxidant constitutes 300 to
20,000 % of the amount of oxygen needed to completely combust the fuel. The velocities of each
flow prior to combustion are preferably an oxygen flow rate of 5 to 20 feet per second and a fuel

flow rate of 30 to 50 feet per second.



10

15

20

25

CA 03068959 2020-01-03

WO 2019/010025 PCT/US2018/039257

WHAT IS CLAIMED IS:

1. A burner comprising

(A)  achamber having longitudinally opposed first and second ends, and a flame opening

through the first end,;

(B) abaffle in the chamber, having an outer edge which is adjacent to the interior surface of
the chamber, the baffle having a first surface that faces toward the first end of the chamber and
having a second surface that faces toward the second end of the chamber, and wherein the baftle
is located in the chamber so that the second baffle surface is 5 to 10 inches from the interior

surface of the second end of the chamber;

(C)  aconduit that extends from a conduit inlet outside the chamber into the chamber and
terminates at a conduit outlet in the section of the chamber that is between the first baffle surface

and the flame opening, wherein the conduit outlet opens toward the flame opening;

(D)  apassage that extends from a passage inlet outside the chamber and terminates at a
passage outlet in the section of the chamber that is between the first baffle surface and the flame

opening;

wherein the baffle comprises (1) a metal plate having a first plate surface that faces the flame
opening and a second plate surface that faces the second end of the chamber, and (2) a layer of

metal filaments in contact with the second plate surface,

wherein the metal plate is one-eighth to half an inch in thickness, and a plurality of holes one-
eighth to half an inch in diameter pass through the metal plate between the first and second plate
surfaces, in a sufficient number of holes so that the total area of the openings of all holes in each

plate surface is 30% to 50% of the surface area of the metal plate, and

wherein the layer of metal filaments is at least 0.25 inch thick, exhibits a density of up to 0.5

ounces per cubic inch, and is composed of filaments up to 0.005 inches thick.
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2. A burner according to claim 1 wherein the metal plate is made of brass or steel.

3. A burner according to claim 1 wherein all of the outer edge of the baffle

continuously contacts the interior surface of the chamber.

4. A burner according to claim 1 wherein less than all of the outer edge of the baffle
contacts the interior surface of the chamber, and the gap between the outer edge of the baftle and

the closest point on the interior surface of the chamber is up to a quarter of an inch.

5. A burner according to claim 1 wherein the metal plate extends throughout the

diametrical width of the baffle.

6. A burner according to claim 1 wherein the metal filaments are made of steel wool

or brass wool.

7. A burner according to claim 1 wherein the layer of metal filaments is up to 6
inches thick.
8. A burner according to claim 1 wherein the baffle further comprises a second

metal plate that is in contact with the layer of metal filaments so that said layer is sandwiched
between the second metal plate and the metal plate, and wherein the second metal plate is one-
eighth to half an inch in thickness, and a plurality of holes one-eighth to half an inch in diameter
pass through the second metal plate between its surfaces, in a sufficient number of holes so that
the total area of the openings of all holes in each surface of the second metal plate is 30% to 50%

of the surface area of the second metal plate.

0. A burner according to claim 8 wherein the second metal plate is made of brass or

steel.

10. A burner according to claim 8 wherein the second metal plate extends throughout

the diametrical width of the baffle.
11. A burner according to claim 8 wherein the metal plate is made of brass or steel.

12. A burner according to claim 8 wherein all of the outer edge of the baffle

continuously contacts the interior surface of the chamber.



10

CA 03068959 2020-01-03

WO 2019/010025 PCT/US2018/039257

13. A burner according to claim 8 wherein less than all of the outer edge of the baftle
contacts the interior surface of the chamber, and the gap between the outer edge of the baftle and

the closest point on the interior surface of the chamber is up to a quarter of an inch.

14. A burner according to claim 8 wherein the metal plate extends throughout the

diametrical width of the baffle.

15. A burner according to claim 8 wherein the metal filaments are made of steel wool

or brass wool.

16. A burner according to claim 8 wherein the layer of metal filaments is up to 6

inches thick.

10
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