PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/21823
F23D 14/58, 14/22 A2

3 ’ (43) International Publication Date: 18 July 1996 (18.07.96)

(21) International Application Number: PCT/US95/17069 | (81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,

CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IS, JP, KE,

(22) International Filing Date: 29 December 1995 (29.12.95) KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MK,

MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG,
. SI, SK, TJ, T™M, TT, UA, UG, US, UZ, VN, ARIPO patent
(30) Priority Data: (KE, LS, MW, SD, SZ, UG), European patent (AT, BE,
08/366,621 30 December 1994 (30.12.94) US CH, DE, DK, ES, FR, GB, GR, [E, IT, LU, MC, NL, PT,
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML,
MR, NE, SN, TD, TG).
(60) Parent Application or Grant
(63) Related by Continuation
Us 08/366,621 (CIP) | Published
Filed on 30 December 1994 (30.12.94) Without international search report and to be republished
upon receipt of that report.

(71) Applicant (for all designated States except US): COMBUS-
TION TEC, INC. [US/US]; 2501 Clark Street, Apopka, FL
32703 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JOSHI, Mahendra, L.
(IN/US); 1232 Timberland Trail, Altamonte Springs, FL
32714 (US). BROADWAY, Lee [US/US]; 1026 Hillcrest
Court, Eustis, FL 32726 (US). MOHR, Patrick, J. [US/US};
1000 Shelicracker Road, Mims, FL 32754 (US).

(74) Agents: PAULEY, Douglas, H. et al.; Suite 365, 2800 West
Higgins Road, Hoffman Estates, IL 60195 (US).

(54) Title: METHOD AND APPARATUS FOR DISPENSING FUEL AND OXIDANT FROM A BURNER

(57) Abstract

A method and apparatus for injecting fuel and oxidant into a combustion burner. At a fuel exit plane of a fuel discharge nozzle
(15), fuel is discharged in a generally planar fuel layer which has an upper boundary and a lower boundary. At an oxidant exit plane (25),
oxidant is preferably discharged in both a top layer along the upper boundary of the fuel layer and a bottom layer along the lower boundary
of the fuel layer. In a downstream flow direction, the fuel and oxidant preferably converge in a generally vertical plane and diverge in a
generally horizontal plane. The discharged fuel and oxidant form a fishtail or fan-shaped flame configuration. The fuel exit plane (116; Fig.
9 + 10) can be moved upstream or downstream with respect to the oxidant exit plane (126; Fig. 9 + 10) to vary the flame characteristics
and the flame shape. A refractory manifold (47) can be used to further enhance the fishtail or fan-shaped flame configuration.




applications under the PCT.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Armmenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada
Central African Republic
Congo
Switzerland
Cote d'Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

GB
GE
GN
GR
HU
IE

IT

Jp

KE
KG
KP

KR
KZ
LI

LK
LR

LT
LU

United Kingdom
Georgia

Guinea

Greece

Hungary

Treland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

Malawi

Mexico

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




WO 96/21823 PCT/US95/17069

METHOD AND APPARATUS FOR DISPENSING FUEL
AND OXIDANT FROM A BURNER

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for discharging fuel and
oxidant from a nozzle in a fashion that forms a fishtail or fan-shaped flame which
produces uniform heat distribution and relatively high radiative heat transmission. The
exit plane of the fuel nozzle can be longitudinally moved with respect to the exit plane
of the oxidant nozzle so that the fuel exit plane is either upstream, at, or downstream with
respect to the oxidant exit plane, in order to adjust the flame characteristics.

Conventional burners have incorporated low momentum flow wherein
relatively lower oxygen and fuel velocities are used to create relatively lower momentum
flames. Such lower velocities and thus lower momentums result in longer flames and
increased load coverage. However, a flame lofting problem occurs at such relatively low
velocities and thus causes undesirable effects.

Some conventional burners employ a staggered firing arrangement in an
attempt to improve effective load coverage, particularly with the use of conical expansion
of individual flames. However, the staggered firing arrangement often creates undesirable
cold regions in pocket areas between adjacent burners. To overcome such problem, other
conventional burners have attempted to increase the number of flames by using more
burners. However, increasing the number of burners significantly increases installation
and operation costs.

It is apparent that there is a need for an oxy-fuel burner which can be used
in high-temperature furnaces, such as glass melting furnaces, wherein the relative position
of the fuel exit plane can be adjusted with respect to the position of the oxidant exit plane
in order to vary the flame characteristics and thereby accomplish, for example, uniform
heat distribution, reduced undesirable emissions, such as nitrogen oxides and sulfur

oxides, and a highly radiative and luminous flame.
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SUMMARY OF THE INVENTION

It is one object of this invention to provide a method and apparatus for
longitudinally adjusting a position of the fuel exit plane with respect to the oxidant exit
plane and thereby altering the flame characteristics.

It is another object of this invention to provide a burner nozzle that
produces a fishtail or fan-shaped flame wherein the fuel and oxidant are uniformly
distributed in a generally horizontal direction, particularly when discharged from the
nozzle.

The above and other objects of this invention are accomplished with a
method and apparatus for injecting fuel and oxidant into a combustion burner, wherein
the fuel is discharged from a nozzle in a generally planar fuel layer, forming a fishtail or
fan-shaped fuel layer having a generally planar upper boundary and a generally planar
lower boundary. Oxidant is discharged from the nozzle so that a generally planar oxidant
layer is formed at least along the upper boundary of the fuel layer and preferably also
along the lower boundary of the fuel layer.

In one preferred embodiment according to this invention, a fuel manifold
is positioned within an oxidant manifold. Both the fuel manifold and the oxidant
manifold preferably have a rectangular cross section at an exit plane, for producing the
fishtail or fan-shaped flame configuration. With a relatively simple mechanical
mechanism, the fuel manifold can be adjustably and lockingly moved in a generally
longitudinal direction with respect to the oxidant manifold. Thus, the fuel exit plane can
be moved to a position upstream, equal to, or downstream with respect to the oxidant exit
plane to thereby adjust the flame characteristics. Such relative movement can be
accomplished manually or with a suitable control system that can receive input signals
from various sensors detecting flame and/or furnace operating parameters.

In one preferred embodiment according to this invention, both the fuel
manifold and the oxidant manifold have a generally square-shaped cross section at an
upstream location, which along a downstream flow path converges in a generally vertical
direction and diverges in a generally horizontal direction to form the generally rectangular
cross section at the exit plane. The combined converging and diverging effect, as a result

of the geometry of the fuel manifold and the oxidant manifold, produces a net transfer of
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momentum of the fluid from a generally vertical plane to a generally horizontal plane.
Thus, the fuel and oxidant are discharged from the nozzle in a relatively wide and
uniformly distributed fashion. The relatively wide distribution produces the fishtail or
fan-shaped flame configuration.

It 1s apparent that the dimensions of the discharge nozzle or discharge
nozzles can be varied to achieve certain desired fuel and oxidant velocities. Such
dimensions are designed in order to achieve desired combustion gas velocities and flame
development in a downstream flow direction.

According to the method and apparatus of this invention, the velocity of
the oxidant and fuel discharged from the manifold section of the burner block is relatively
lower which thus enables relatively fuel-rich combustion to occur in the horizontally
central core region of the overall fishtail or fan-shaped flame configuration. In the
horizontally central core region, the fuel undergoes a cracking reaction because of the
relatively slow reaction between the fuel and the oxidant, and because of the relatively
large surface area of the nozzle. The fuel cracking produces a relativeiy large amount of
soot particles, aromatics and hydrogen. The formed soot particles react with oxygen to
produce a highly luminous and relatively long flame. Such highly luminous and relatively
long flame can be at least two times more radiative, in visible wavelength spectrum, than
conventional oxy-fuel burners having cylindrical block geometry. The fishtail or fan-
shaped flame configuration produced by the method and apparatus according to this
invention has a flame envelope that is significantly larger than the envelope produced by
conventional cylindrical block burners. Thus, the method and apparatus according to this
invention produces a relatively high radiative heat-flux to the load, which results in higher
throughput and increased fuel efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective schematic view of an apparatus that produces a
fishtail or fan-shaped flame configuration, according to one preferred embodiment of this
invention;

Fig. 2 is a cross-sectional top view of the apparatus shown in Fig. 1, with

a fishtail or fan-shaped flame being discharged from an exit plane of a burner block;
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Fig. 3 is a cross-sectional side view of the fishtail or fan-shaped apparatus
shown in Fig. 1, with the fishtail or fan-shaped flame being discharged, as shown in Fig.
2

Fig. 4 is a perspective schematic view of the different layers of fuel and
oxidant being discharged from a nozzle and the burner block;

Fig. S is a front view of a discharge nozzle at an exit plane, looking in an
upstream flow direction;

Fig. 6 is a perspective schematic view of a conventional cylindrical burner
which produces a generally conical flame;

Fig. 7 is a partial cross-sectional side view of a fuel manifold adjustably
mounted within an oxidant manifold, wherein the oxidant manifold is mounted within a
burner block;

Fig. 8 is a partial cross-sectional partial side view of the fuel manifold
adjustably mounted within the oxidant manifold, as shown in Fig. 7,

Fig. 9 is a cross-sectional partial side view of a fuel manifold having a fuel
exit plane positioned upstream with respect to an oxidant exit plane of an oxidant
manifold; and

Fig. 10 is a cross-sectional partial side view of the fuel manifold and the
oxidant manifold as shown in Fig. 9, but with the fuel exit plane positioned downstream
with respect to the oxidant exit plane.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Figs. 1-5, fuel is introduced into fuel manifold 17 through fuel
inlet means 11, and oxidant is introduced into oxidant manifold 27 through oxidant inlet
means 13. It is apparent that fuel inlet means 11 and oxidant inlet means 13 may
comprise a fuel inlet nozzle and oxidant inlet nozzle, as shown in Fig. 1, or may comprise
any other suitable inlet means for introducing fuel and oxidant into corresponding
manifolds, as known to those skilled in the art.

As used throughout this specification and in the claims, the term fuel 1s
intended to interchangeably relate to any suitable gaseous fuel, vaporized liquid fuel,
liquefied gas, or any other fuel suitable for combustion purposes. One preferred fuel 1s

natural gas. As used throughout this specification and in the claims, the term oxidant is
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intended to interchangeably relate to oxygen, air, oxygen-enriched air, or any other
suitable oxidant known to those skilled in the art. One preferred oxidant used in
connection with the method according to this invention is pure or 100% oxygen. The
combination of pure or 100% oxygen and natural gas is often used in high-temperature
furnaces, such as glass melting furnaces.

According to one preferred embodiment of this invention, an apparatus for
injecting the fuel and the oxidant into a combustion burner comprises fuel discharge
nozzle 15 and oxidant discharge nozzle 25. Fuel means are used to discharge the fuel
from a fuel exit plane generally defined by fuel discharge nozzle 15, preferably in a
generally planar fuel layer which has a generally planar upper boundary and a generally
planar lower boundary. First oxidant means are used to discharge a first portion of the
oxidant from an oxidant exit plane generally defined by oxidant discharge nozzle 25,
preferably in a generally planar first oxidant layer, preferably along the upper boundary
of the fuel layer. Second oxidant means are used to discharge a second or remaining
portion of the oxidant from the oxidant exit plane at oxidant discharge nozzle 25, also in
a generally planar second oxidant layer, preferably along the lower boundary of the fuel
layer.

As used throughout this specification and in the claims, the phrase
generally planar layer is intended to relate to a fluidic layer of gas or vaporized fuel, for
example, having a defined layer thickness and an overall generally planar shape. Such
generally planar layer may also be referred to as a blanket of gas or vaporized liquid.
The generally planar layer of fuel and oxidant are formed within fuel discharge nozzle 15
and oxidant discharge nozzle 25, respectively. Upstream of the generally vertical exit
planes, one at fuel discharge nozzle 15 and another at oxidant discharge nozzle 25, the
fuel and oxidant are correspondingly formed into separate generally planar layers.
Downstream of the exit planes, the generally planar layers of fuel and oxidant begin to
commingle at their common boundaries and continue to mix as the flow proceeds in the
downstream direction.

At the generally vertical exit planes established at the outlet of fuel
discharge nozzle 15 and at the outlet of oxidant discharge nozzle 25, the generally planar

fuel layer is sandwiched between the first oxidant layer and the second oxidant layer. As
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the oxidant and fuel flow in the downstream direction, the oxidant begins to mix with the
fuel to create a fuel-rich phase layer of a fuel/oxidant mixture which is sandwiched
between two oxygen-rich phase layers of the fuel/oxidant mixture. Because of the fuel-
rich central region and the oxygen-rich top and bottom regions, the peak flame
temperatures of combustion occurring shortly downstream of fuel discharge nozzle 15 and
oxidant discharge nozzle 25 are extremely low. Such relatively low peak flame
temperatures result in reduced undesirable emissions. With the oxygen-rich top and
bottom layers of fuel/oxidant mixture flow, convective cooling of refractory manifold 47
occurs.

In one preferred embodiment according to this invention, the fuel means
used to discharge the fuel from fuel discharge nozzle 15 comprise fuel manifold 17 having
a generally rectangular cross section at a downstream portion of fuel manifold 17. As
best shown in Fig. 1, according to one preferred embodiment of this invention, fuel
manifold 17 has a generally square cross section at an upstream portion. As fuel manifold
17 extends into the downstream portion, the cross section becomes much more
rectangular, with a long side of the rectangle preferably positioned in a generally
horizontal direction. It is apparent that the upstream portion can have any suitably shaped
cross section, including a circular cross section, as long as the upstream section transitions
into a generally rectangular cross section at the downstream portion.

As used throughout this specification and in the claims, vertical and
horizontal directions are preferably referred to with respect to gravitational forces.
However, the terms vertical and horizontal are intended to specify directions with respect
to each other and are not necessarily limited to directions with respect to the gravitational
forces. As shown in Figs. 1-3, the fishtail or fan-shaped flame configuration has the flat
portion of the flame generally oriented in the horizontal direction, which is preferred.
However, it is apparent that such flat portion can be oriented at any other suitable angle,
which would accomplish the same result of producing a fishtail or fan-shaped flame with
a fuel-rich layer sandwiched between two oxidant-rich layers. With the flat portion
oriented at another suitable angle, the generally horizontal direction would not be with

respect to gravitational forces.
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As clearly shown in Figs. 1-5, the fuel means further comprise the actual
wall surfaces, upper flow surface 19 of upper wall 18 and lower flow surface 21 of lower
wall 20, diverging in the downstream flow direction. The opposing side flow surfaces 23
of opposing side walls 22 each preferably converge in the downstream flow direction.
The actual wall surfaces of opposing side flow surfaces 23 preferably meet or intersect
with upper flow surface 19 and lower flow surface 21. As shown in Figs. 1-5, upper wall
18 and lower wall 20 converge with respect to each other, and opposing side walls 22
diverge with respect to each other, in the downstream direction.

The overall shape of oxidant manifold 27 is preferably but not necessarily
similar to that of fuel manifold 17. According to one preferred embodiment of this
invention, the actual wall surfaces, upper flow surface 29 of upper wall 28 and lower flow
surface 31 of lower wall 30, also diverge in the downstream flow direction. The actual
wall surfaces of opposing side flow surfaces 33 of opposing side walls 32 preferably
converge in the downstream flow direction. Opposing side flow surfaces 33 preferably
meet or intersect with upper flow surface 29 and lower flow surface 31. As shown in
Figs. 1-5, upper wall 28 and lower wall 30 converge with respect to each other and
opposing side walls 32 diverge with respect to each other, in the downstream direction.

In one preferred embodiment according to this invention, fuel manifold 17
is positioned within oxidant manifold 27, as clearly shown in Fig. 1. A major portion of
fuel manifold 17 is shown in dashed or hidden lines in Fig. 1, since fuel manifold 17 is
positioned within oxidant manifold 27.

As clearly shown in Fig. 5, an oxidant flow channel is defined between
upper wall 18 and upper wall 28, between lower wall 20 and lower wall 30, and
preferably but not necessarily also between opposing side walls 22 and respective
opposing side walls 32. In one preferred embodiment according to this invention, as
clearly shown in Figs. 1, 4 and 5, the oxidant flowing between corresponding side flow
surfaces 23 and 33 also sandwiches the fuel layer, in a side-to-side manner.

The converging effect that both the oxidant and the fuel experience in the
downstream flow direction promotes uniform distribution of the fuel and oxidant,
particularly at the generally vertical exit planes located at the outlets of fuel discharge
nozzle 15 and oxidant discharge nozzle 25.
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As shown 1n Fig. 1, convergence angle a is the angle at which opposing
side flow surfaces 23 converge, and preferably but not necessarily the angle at which
opposing side flow surfaces 33 converge. Divergence angle f is the angle at which upper
flow surface 19 and lower flow surface 21 diverge, and preferably but not necessarily the
angle at which upper flow surface 29 and lower flow surface 31 diverge. Divergence
angle vy is the included angle at which the flame diverges, as measured from the centerline
direction of refractory manifold 47.

As the fuel and oxidant are discharged from fuel discharge nozzle 15 and
oxidant discharge nozzle 25, respectively, the generally planar layers of flow are
preferably directed into divergent means 40 for enhancing the horizontal divergence of
fuel from fuel discharge nozzle 15 and oxidant from oxidant discharge nozzle 25, in the
downstream flow direction. In one preferred embodiment according to this invention,
divergent means 40 comprise refractory manifold 47 having a generally rectangular cross
section. Upper flow surface 49 of upper wall 48 and lower flow surface 51 of lower wall
50 preferably diverge in the downstream flow direction. The distance between upper flow
surface 49 and lower flow surface 51 is preferably but not necessarily maintained
constant. By maintaining such distance constant, because of expansion forces associated
with partial combustion within refractory manifold 47, the fuel and oxidant diverge in the
horizontal direction and thus further enhance the fishtail or fan-shaped flame
configuration. The approximate configuration of the fishtail or fan-shaped flame is clearly
shown 1n Fig. 2.

Fig. 1 shows various dimensions which may be critical to the method and
apparatus of this invention, depending upon the particular use of the burner. The method
and apparatus of this invention were experimentally tested and preferred ranges of such
dimensions are discussed below, as well as the effect upon the burner performance by
varying such dimensions. It should be noted that the following ranges of dimensions,
angles and velocities are those which are preferred based upon experiments conducted
with the method and apparatus of this invention. However, it should be noted that further
experimentation could reveal other suitable dimensions, angles, ratios and velocities
outside of the preferred ranges. The dimensions, angles, ratios and velocities discussed

below are examples and are specifically intended to not limit the scope of this invention.
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Convergence angle o, as shown in Fig. 1, 1s measured within a generally
vertical plane. According to one preferred embodiment of this invention, convergence
angle o is approximately 3° to approximately 8°. Convergence angle a represents the
angle at which side flow surfaces 23 and side flow surfaces 33 converge with respect to
the horizontal. A properly selected convergence angle o allows the respective flow
surface to adequately squeeze or pinch the fuel or oxidant streamlines in the flow axis,
so that the fuel or oxidant flow converges at a somewhat steady rate without undue
turbulence. The transfer of fluidic momentum of the fuel or oxidant, from the vertical
plane to the horizontal plane, is a function of convergence angle o, as well as divergence
angle B. A proper balance between the design of convergence angle o and divergence
angle B is required for adequately converging and simultaneously diverging the flow
streamlines of both the fuel and the oxidant.

According to one preferred embodiment of this invention, divergence angle
B is preferably in a range of approximately 6° to approximately 12°. Divergence angle

" B is measured in a generally horizontal plane and dictates the degree to which upper flow
surface 19, lower flow surface 21, upper flow surface 29 and lower flow surface 31
diverge in the generally horizontal direction. Because of divergence angle P, the fluidic
fuel stream and the fluidic oxidant stream each expand while each such fluid s
simultaneously forced to converge within their respective manifold, due to convergence
angle o. When divergence angle B is too large, empty fluidic pockets can form near
sidewalls 22 and sidewalls 32 of fluid discharge nozzle 15 and oxidant discharge nozzle
25, respectively. When divergence angle P is too small, relatively heavy fluid distribution
can occur closer to the center of fuel discharge nozzle 15 or oxidant discharge nozzle 25.
A proper combination of both convergence angle o and divergence angle  will result in
uniformly distributed fuel and oxidant streams across the exit cross section of fuel
discharge nozzle 15 and oxidant discharge nozzle 25, which will ultimately result in
uniform flame development and uniform cooling of refractory manifold 47.

According to one preferred embodiment of this invention, the ratio L /W,
the convergence length L, to the divergence width W of oxidant discharge nozzle 25, 1s
preferably in a range of approximately 1 to approximately 3. The ratio L/W is heavily

based upon the values of convergence angle o and divergence angle B. The ratio L /W
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is also based upon the firing capacity of the burner. For relatively higher firing rates the
ratio L/W is a larger number, and for relatively lower firing rates the ratio L/W is a
smaller number.

According to one preferred embodiment of this invention, the ratio W/D,
the width W to the depth D of oxidant discharge nozzle 25, is preferably in a range of
approximately 3 to approximately 6. A relatively higher ratio W/D tends to spread the
oxidant in the horizontal plane, whereas a relatively lower ratio W/D tends to increase the
thickness of the oxidant layer in the generally vertical plane, at given values for the
oxidant velocity, the firing rate, convergence angle o and divergence angle B. The
oxidant velocity, depending upon the burner firing rate, is preferably in a range from
approximately 5 to approximately 100 ft/sec.

According to one preferred embodiment of this invention, the ratio w/d,
which is a ratio of the width w to the depth d of fuel discharge nozzle 15, is preferably
in a range of approximately 15 to approximately 25. A relatively higher ratio w/d tends
to spread the fuel in the horizontal plane, whereas a relatively lower ratio w/d tends to
increase the thickness of the fuel layer, when measured in the vertical plane. The ratio
w/d is selected depending upon the desired fuel velocity discharged from fuel discharge
nozzle 15, at given values for the firing rate, convergence angle o and divergence angle
B. When the fuel is natural gas, a preferred range of fuel velocities, depending upon the
burner firing rate, is from approximately 5 to approximately 150 ft/sec.

According to another preferred embodiment of this invention, flame
divergence angle y, which is measured in the generally horizontal plane, from the
centerline axis of refractory manifold 47 as shown in Fig. 1, is preferably in a range from
approximately 10° to approximately 40°. Flame divergence angle y depends upon the
design of refractory manifold 47. The divergence of the flame discharged from refractory
manifold 47 is influenced by flame divergence angle y. A relatively lower flame
divergence angle y intensifies the combustion process and a relatively higher flame
divergence angle y reduces the overall cooling effect of the oxidant on the flow surfaces
of refractory manifold 47. A properly selected flame divergence angle y will result in
optimum divergence of the flame due to combustion induced expansion of relatively hot

combustion gases, for greater load coverage. A properly selected flame divergence angle

10
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y will also assist in stabilizing the combustion process within refractory manifold 47, or
another suitable burner block, and thus will optimize the cooling effect upon refractory
manifold 47. A properly selected flame divergence angle y will also result in refractory
manifold 47 being completely filled with relatively hot combustion gases, which also
prevents inspiration of furnace gases or particulates into refractory manifold 47, or another
suitable burner block.

According to another preferred embodiment of this invention, the ratio L/D,
which is a ratio of the flow length L to the flow depth D of refractory manifold 47, is
preferably in a range of approximately 1.5 to approximately 2.5. The ratio L/D influences
the flame luminosity, as well as the cooling effect caused by the oxidant flow over upper
flow surface 49 of upper wall 48, lower flow surface 51 of lower wall 50 and side flow
surfaces 53 of sidewalls 52. A relatively higher ratio L/D tends to accelerate the
fuel/oxidant combustion process and thus reduce the thickness of the oxidant layers which
sandwich the fuel layer. Depending upon the particular design of the burner, an oxidant
layer thickness of approximately 3/8" to approximately 3/4" is preferred for adequate
cooling of refractory manifold 47. A properly selected L/D ratio will result in good flame
luminosity and partial fuel cracking within the central fuel layer. As the L/D ratio 1s
increased, such as beyond approximately 2.5, the combustion process can become more
intense within refractory manifold 47, the generation of soot species can be significantly
reduced, and the flame luminosity can also be reduced. By lowering the L/D ratio, such
as lower than approximately 1.5, the residence time for the hot gases to expand and shape
the flame becomes too short.

The velocities of the fuel and oxidant at the nozzle exit planes become
important design parameters when the combustion burner operates with pure or 100%
oxygen and fuel. Relatively higher velocities can be achieved by using smaller nozzle
exit areas and would likely result in reduced flame luminosity.

According to another preferred embodiment of this invention, as shown in
Figs. 7-10, fuel manifold 117 can be adjustably moved in a longitudinal direction in order
to adjustably vary the position of fuel exit plane 116 with respect to oxidant exit plane
126. As shown in Fig. 9, fuel manifold 117 is positioned with respect to oxidant

manifold 127 such that fuel exit plane 116 is in an upstream position with respect to

11
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oxidant exit plane 126. The position of fuel manifold 117 with respect to oxidant
manifold 127 can be adjusted in the longitudinal direction so that fuel exit plane 116 is
downstream with respect to oxidant exit plane 126, as shown in Fig. 10. The arrow in
each of Figs. 9 and 10 represents both the general longitudinal direction and the
downstream direction of fluid flow through fuel manifold 117 and oxidant manifold 127.

As shown in Fig. 7, oxidant manifold 127 is secured with respect to
refractory manifold 147. A forward portion of fuel manifold 117 is mounted within
oxidant manifold 127. O-ring 167 is used to hermetically seal the connection between
fuel manifold 117 and oxidant manifold 127. It is apparent that a gasket or other suitable
sealing device known to those skilled in the art can be used in addition to or in lieu of
O-ring 167.

Fig. 8 shows a partial cross-sectional partial side view of the forward
portion of fuel manifold 117, as mounted within oxidant manifold 127. Although oxidant
manifold 127 preferably remains secured with respect to refractory manifold 147 and fuel
manifold 117 preferably moves in a general longitudinal direction, such as along the
arrow shown in Fig. 8, it is apparent that other mechanical arrangements can be used to
accomplish the same relative movement. For example, the position of fuel manifold 117
can be fixed with respect to refractory manifold 147 and oxidant manifold 127 can be
adjustably moved with respect to fuel manifold 117.

As shown in Fig. 7, adjustment means 160 are used to adjustably move and
fix fuel manifold 117 with respect to oxidant manifold 127. According to one preferred
embodiment of this invention as shown in Fig. 7, adjustment means 160 comprise bracket
162 fixed with respect to oxidant manifold 127 and bracket 164 fixed with respect to fuel
manifold 117. Screw 166 is threadedly engaged within corresponding internally threaded
holes within bracket 162 and bracket 164. By rotating screw 166 bracket 164 moves with
respect to bracket 162 and thus fuel manifold 117 moves with respect to oxidant manifold
127. Sight gauge 165 can be secured to either bracket 162 or bracket 164, for example,
to indicate the position of fuel manifold 117 relative to oxidant manifold 127 and thus the
position of fuel exit plane 116 relative to oxidant exit plane 126. It is apparent that other
suitable mechanical devices known to those skilled in the art can be used to adjustably

move and fix the position of fuel manifold 117 with respect to oxidant manifold 127.
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As shown in Fig. 8, pin 168 has a slot, identified by dashed lnes, into
which guideplate 170 slidably engages. Pin 168 acts as a guide for maintaining the
longitudinal sliding direction of fuel manifold 117 with respect to oxidant manifold 127.
As shown in Fig. 8, pin 168 is fixed in a suitable manner, such as being welded or the
like, with respect to oxidant manifold 127. It is apparent that other mechanical devices
known to those skilled in the art can be used to guide longitudinal movement of fuel
manifold 117 with respect to oxidant manifold 127. It is also apparent that the roles can
be reversed by securing pin 168 with respect to fuel manifold 117 and securing guideplate
170 with respect to oxidant manifold 127.

As shown in Fig. 9, fuel exit plane 116 is positioned upstream with respect
to oxidant exit plane 126. As shown in Fig. 10, fuel exit plane 116 is positioned
downstream with respect to oxidant exit plane 126. The arrows indicate the general
direction of fluid flow.

Longitudinal adjustment of fuel manifold 117 With respect to oxidant
manifold 127 enables adjustment of the flame characteristics, including the flame shape.
By adjusting the flame characteristics and the flame shape, it is possible to optimize load
coverage and to produce a highly radiative flame, particularly for oxygen-fuel combustion.
Varying the flame shape allows a burner according to this invention to be used in vartous
furnace sizes. For example, the melt area, load surface area or overall furnace length-to-
width dimensions, relative to flame coverage, can be optimized by adjusting the flame
shape.

By adjusting the position of fuel exit plane 116 relative to oxidant exit
plane 126, the peak flame temperature can be variably positioned along the longitudinal
axis of the flame. Adjusting the flame shape can also result in different heat-release
patterns and overall heat-transfer rates that the flame offers to its surroundings. A
properly adjusted flame can significantly improve fuel efficiency and furnace overall
productivity.

As shown in Fig. 9, fuel exit plane 116 is positioned upstream with respect
to oxidant exit plane 126. Although the distance between fuel exit plane 116 and oxidant
exit plane 126 can vary as a function of the furnace and/or flame requirements, according

to one preferred embodiment of this invention, such distance is about 0.5". As shown in
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Fig. 10, fuel exit plane 116 is positioned downstream with respect to oxidant exit plane
126. Although such distance can also vary depending upon the flame and/or furnace
requirements, according to one preferred embodiment of this invention, such distance can
be as much as about 1"

As shown in Fig. 9, with fuel exit plane 116 positioned further upstream
with respect to oxidant exit plane 126, fuel is discharged from fuel discharge nozzle 115
also at a position upstream with respect to oxidant exit plane 126, thus resulting in the
fuel mixing with the oxidant relatively further upstream within oxidant manifold 127.
With such physical arrangement, the combustion process begins relatively early and
produces relatively higher fuel-oxidant mixing rates, relatively higher flame gas
momentum, relatively higher peak flame temperatures, a relatively shorter and wider
flame, and relatively lower flame luminosity.

As shown in Fig. 10, with fuel exit plane 116 positioned downstream with
respect to oxidant exit plane 126, the fuel is injected downstream of oxidant discharge
nozzle 125 and thus oxidant-fuel mixing occurs relatively later as fuel exit plane 116 is
moved further downstream with respect to oxidant exit plane 126. With such physical
arrangement, the combustion process is relatively delayed, which results in relatively
lower fuel-oxidant mixing rates, relatively lower flame gas momentum, relatively lower
peak flame temperatures, a relatively longer and narrower flame, and relatively higher
flame luminosity.

The oxidant velocity varies as fuel manifold 117 is moved with respect to
oxidant manifold 127, because of the change in cross-sectional area of the oxidant flow
path. However, according to one preferred embodiment of this invention, because of the
relatively slight angles at which the walls of fuel manifold 117 and oxidant manifold 127
converge and diverge, moving fuel exit plane 116 between extreme upstream and
downstream positions results in only a difference of about 10%-15% in oxidant flow
velocities. Except for any slight pressure difference at fuel discharge nozzle 115, because
the cross-sectional area of the fuel path remains constant the velocity of fuel within fuel
manifold 117 remains approximately constant as fuel manifold 117 is moved between

extreme upstream and downstream positions.
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It is apparent that various components shown in the drawings can be
interchanged without departing from the results desired from this invention. It is also
apparent that the various elements can be manufactured with any suitable materials that

satisfy operating conditions of various furnaces.
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CLAIMS

1. A method of dispersing fuel and oxidant from a burner, the method
including the steps of:

dispersing the fuel from an inner nozzle in a generally planar fuel layer,
the inner nozzle having upper and lower substantially planar walls converging with respect
to each other and side walls diverging with respect to each other; and

dispersing the oxidant from an outer nozzle spaced about said inner nozzle
and having upper and lower substantially planar walls converging with respect to each
other and side walls diverging with respect to each other, and contacting the dispersed

oxidant with the dispersed fuel.

2. The method of Claim 1 wherein flame characteristics are adjusted
by longitudinally moving a fuel exit plane of the inner nozzle with respect to an oxidant

exit plane of the outer nozzle.

3. The method of Claim 2 wherein the fuel exit plane is moved to a
longitudinal position upstream, relative to flow through the burner, with respect to the

oxidant exit plane.
4. The method of Claim 2 wherein the fuel exit plane 1s moved to a

longitudinal position downstream, relative to flow through the burner, with respect to the

oxidant exit plane.
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5. A method for injecting fuel and oxidant into a combustion burner,
the method including the steps of: 4

discharging the fuel from a fuel discharge nozzle in a generally planar fuel
layer having an upper boundary and a lower boundary;

discharging a first portion of the oxidant from an oxidant discharge nozzle
in a generally planar first oxidant layer along the upper boundary of the fuel layer; and

discharging a second portion of the oxidant from the oxidant discharge
nozzle in a generally planar second oxidant layer along the lower boundary of the fuel

layer.

6. A method according to Claim 5 wherein the fuel flows through a
fuel manifold having a generally rectangular first cross section wherein an upper fuel wall
and a lower fuel wall diverge in a downstream flow direction and opposing fuel sidewalls

converge in the downstream flow direction.

7. A method according to Claim 5 wherein the oxidant flows through
an oxidant manifold having a generally rectangular cross section wherein an upper oxidant
wall and a lower oxidant wall diverge in the downstream flow direction and opposing

oxidant sidewalls converge in the downstream flow direction.

8. A burner for dispersing fuel and oxidant into a combustion zone,
the burner comprising;

an inner nozzle for dispersing the fuel in a generally planar fuel layer, the
inner nozzle having upper and lower substantially planar walls converging with respect
to each other and side walls diverging with respect to each other and forming a
substantially rectangular outlet; and

an outer nozzle spaced about said inner nozzle for dispersing the oxidant
and having upper and lower walls converging with respect to each other and side walls

diverging with respect to each other and forming a substantially rectangular outlet.
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9. The burner of Claim 8 further comprising adjustment means for
adjustably moving and fixing a longitudinal position of a fuel exit plane of said inner

nozzle with respect to an oxidant exit plane of said outer nozzle.

10. The bumer of Claim 9 wherein said fuel exit plane is moveable to
a position upstream, relative to flow through the burner, with respect to said oxidant exit

plane.

11. The burner of Claim 9 wherein said fuel exit plane is moveable to
a position downstream, relative to flow through the burner, with respect to said oxidant

exit plane.

12. The burner of Claim 8 wherein said adjustment means comprise a
first bracket secured with respect to said inner nozzle, a second bracket secured with
respect to said outer nozzle, said first bracket having a first internally threaded hole, said
second bracket having a second internally threaded hole, and an externally threaded screw
mateably engaged within said first internally threaded hole and said second internally

threaded hole.

13. The burner of Claim 8 wherein said adjustment means comprise a
pin having a slot, said pin secured with respect to said outer nozzle, a guideplate secured

with respect to said inner nozzle, and said guideplate slidably mounted within said slot.
14.  The bumner of Claim 8 wherein said adjustment means comprise a

pin having a slot, said pin secured with respect to said inner nozzle, a guideplate secured

with respect to said outer nozzle, and said guideplate slidably mounted within said slot.
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15. An apparatus for injecting fuel and oxidant into a combustion
burner, the apparatus comprising:

fuel means for discharging the fuel from a fuel discharge nozzle in a
generally planar fuel layer having an upper boundary and a lower boundary;

first oxidant means for discharging a first portion of the oxidant from an
oxidant discharge nozzle in a generally planar first oxidant layer along the upper boundary
of the fuel layer; and

second oxidant means for discharging a second portion of the oxidant from
the oxidant discharge nozzle in a generally planar second oxidant layer along the lower

boundary of the fuel layer.

16. An apparatus according to Claim 15 wherein said fuel means
comprise a fuel manifold having a generally rectangular first cross section, an upper fuel
wall, a lower fuel wall, and two opposing fuel sidewalls, an upper fuel flow surface of
said upper fuel wall and a lower fuel flow surface of said lower fuel wall each diverging
in a downstream flow direction, and opposing side fuel flow surfaces of said opposing

fuel sidewalls each converging in said downstream flow direction.

17.  An apparatus according to Claim 15 wherein said first oxidant
means comprise an oxidant manifold having a generally rectangular second cross section,
an upper oxidant wall, and two opposing oxidant sidewalls, an upper oxidant flow surface
of said upper oxidant wall diverging in said downstream flow direction, and opposing side
oxidant flow surfaces of said opposing oxidant sidewalls each converging in said

downstream flow direction.
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