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TITLE OF THE INVENTION:
COMBUSTION SYSTEM WITH PRECOMBUSTOR FOR
RECYCLED FLUE GAS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims the benefit of Provisional Application No. 61/100,372,
filed on September 26, 2008. The disclosure of this Provisional Application is hereby

incorporated by reference.

[0002] This Application is related to Application No. 12/238,612, entitled "OXY/FUEL
COMBUSTION SYSTEM WITH LITTLE OR NO EXCESS OXYGEN?", Attorney Docket
No. 07228 USA, filed contemporaneously with this Application on September 26, 2008,
assigned to the assignee of the present disclosure and which is herein incorporated by
reference in its entirety, Application No. 12/238,632, entitled "COMBUSTION SYSTEM
WITH STEAM OR WATER INJECTION", Attorney Docket No. 07238 USA, filed
contemporaneously with this Application on September 26, 2008, assigned to the
assignee of the present disclosure and which is herein incorporated by reference in its
entirety, Application No0.12/238,644, entitied "COMBUSTION SYSTEM WITH
PRECOMBUSTOR", Attorney Docket No. 07255 USA, filed contemporaneously with this
Application on September 26, 2008, assigned to the assignee of the present disclosure
and which is herein incorporated by reference in its entirety, Application No. 12/238,657,
entitled "OXY/FUEL COMBUSTION SYSTEM WITH MINIMIZED FLUE GAS
RECIRCULATION", Attorney Docket No. 07257 USA, filed contemporaneously with this
Application on September 26, 2008, assigned to the assignee of the present disclosure
and which is herein incorporated by reference in its entirety, Application No. 12/238,671,
entitled "CONVECTIVE SECTION COMBUSTION", Attorney Docket No. 07254 USA,
filed contemporaneously with this Application on September 26, 2008, assigned to the
assignee of the present disclosure and which is herein incorporated by reference in its
entirety, Application No. 12/238,695, entitled "OXY/FUEL COMBUSTION SYSTEM
HAVNIG COMBINED CONVECTIVE SECTION AND RADIANT SECTION", Attorney
Docket No. 07247 USA, filed contemporaneously with this Application on September 26,
2008, assigned to the assignee of the present disclosure and which is herein
incorporated by reference in its entirety, and Application No. 12/238,731, entitled
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"PROCESS TEMPERATURE CONTROL IN OXY/FUEL COMBUSTION SYSTEM",
Attorney Docket No. 07239 USA, filed contemporaneously with this Application on
September 26, 2008, assigned to the assignee of the present disclosure and which is
herein incorporated by reference in its entirety and Application No. 12/238,713, entitled
"TRANSIENT OPERATION OF OXY/FUEL COMBUSTION SYSTEM", Attorney Docket
No. 07259 USA, filed contemporaneously with this Application on September 26, 2008,
assigned to the assignee of the present disclosure and which is herein incorporated by

reference in its entirety.
BACKGROUND OF THE INVENTION

[0003] The present disclosure is directed to a combustion system. In particular, the

present disclosure is directed to an oxy/fuel combustion system.

[0004] The conversion of boilers and process heaters from air/fuel to oxy/fuel operation
for CO, capture and/or purification represents a major modification to a mature
technology. Much of the technical discussion surrounding effects introduced into the
performance of these boilers and heaters has focused on the distribution of heat transfer
between, for example, radiant and convective exchange, and its effect on process

efficiency and component life.

[0005] Many large boilers and heaters operate with dozens of burners. These burners
impart mixing and momentum to reactants that largely define factors such as flame
length, shape, luminosity and efficiency of carbon burn out. These performance factors
are finely tuned by process engineers and operators over years of operation to facilitate
process conditions enabling component life and process efficiency to be increased. ltis
known, however that, due largely to differences in emissivity and heat capacity between
nitrogen and carbon dioxide, the reactant flow rates for oxy/fuel operation using synthetic
air (CO,/0,) may be lower than for equivalent air/fuel firing rates. Since the number of
burner designs used in current commercial practice is very large, it is not practical to
attempt an optimization of each burner design. It is more practical to provide a device
that can be fitted onto existing or future burners to provide adjustability to the flame
characteristics as they are encountered during boiler and process heater operation. It is
accordingly the object of this disclosure to describe a device and method of operation of
oxy-fuel burners used in boilers and process heaters that allows for this adjustability to

OcCcur.
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[0006] At fixed fuel firing rate, recycling of flue gas may permit process operators to
optimize heat exchange within the system. Generally, the proportion of flue gas recycle
to oxygen flow rate results in a mixed concentration of O, in CO, of between 25 and 30
mol% for air/fuel firing. The level is different when considering matching of flame
temperature than it is for matching of heat exchange characteristics, and it is also fuel
dependent. Moreover, the relative importance of burner flame momentum in this

optimization is essentially unknown.

[0007] U.S. Patent No 5,256,058 discloses an oxy-fuel burner that employs a
precombustor between a burner and a process furnace. U.S. Patent No. 5,199,866
discloses an adjustable oxy-fuel burner. The disclosure of these U.S. Patents is hereby

incorporated by reference.

[0008] There is a need in this art for an oxy-fuel combustion system and method for its
usage that can employ recycled flue-gas (RFG) in a burner that can produce a flame

having desirable properties.
BRIEF SUMMARY OF THE INVENTION

[0009] The instant invention solves problems associated with convention practices by
providing a burner with a precombustor that utilizes recycled flue gas, fuel and oxygen to
adjust properties of an oxy/fuel flame. Desirable aspects of the inventive combustion

system include:
e Various configurations of introducing the RFG and O, into the precombustor
e Using RFG of at least a certain minimum temperature to facilitate flame ignition

o Flame stability including a flame emanating from the end face of the
precombustor

e Using RFG to control temperature of the combustion system.
o Geometric parameters
o Variation of precombustor cross-sectional area with distance

e Integrated design
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o Use of staged RFG (either internal/external or staged internally) to
maintain consistent flame momentum over the entire range of firing rate of

the burner

o Use of staged O, (either internal/external or staged internally) to vary the

maximum flame temperature and heat release rate

[0010] One aspect of the invention, relates to using RFG to control or modify certain
flame characteristics. For example, RFG can be employed as a thermal shield (e.g.,
RFG is more effective as a thermal shield than the use of air or O, on an equivalent
volumetric basis). This is due to the fact that RFG comprises primarily CO, and water
vapor, and hence is relatively non-reactive in the presence of fuel, and also due to the
higher heat capacity and radiative absorbtivity of RFG relative to both O, and N,. While
any suitable RFG source can be employed in the instant invention, on a dry particle free
basis the RFG typically comprises about 50 to about 90 percent by volume CO2 with the
remainder which can be comprised of at least one of oxygen, nitrogen, argon, carbon
monoxide, nitrogen oxides, sulfur oxides, and other minor components. The water
fraction of the RFG is typically less than or equal to the water vapor saturation amount at
the inlet temperature to the burner. The particle loading of the RFG depends on the fuel

type and possible filtering of the RFG before injection into the burner.

[0011] The disclosure herein includes a precombustor system to be used in
conjunction with an oxy-fuel burner employing recycled flue gas. The disclosure also
includes a method of introducing streams into the precombustor to achieve desired

improvements in flame properties.

[0012] One aspect of the invention relates to a combustion system comprising: a
precombustor comprising a passage extending through the precombustor, said passage
adapted to receive reaction products from a burner having a longitudinal axis wherein the
longitudinal axis is coincident with the passage,and wherein the burner comprises at
least two annular fluid apertures surrounding a central aperture so that fluid exiting the at
least two surrounding fluid apertures surrounds fluid exiting the central aperture and
wherein the fluid exiting the apertures comprises at least one member selected from the

group consisting of oxygen, fuel, RFG and mixtures, thereof.

[0013] Another aspect of the invention relates to an oxy/fuel combustion system

comprising an oxy-fuel burner having a fuel conduit and an oxygen conduit surrounding

-4-
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the fuel conduit and a recycled flue gas conduit that surrounds at least one of the fuel
conduit and the oxygen conduit, and a precombustor dimensioned and positioned to

receive streams from the burner.

[0014] A further aspect of the invention relates to a method for combusting a fuel
comprising: providing a combustion system comprising a precombustor comprising a
passage extending through the precombustor, said passage adapted to receive streams
from an oxy/fuel burner having a longitudinal axis wherein the longitudinal axis is
coincident with the passage, and wherein the burner comprises at least two concentric
fluid apertures surrounding a central aperture for fuel so that fluid exiting the at least two
surrounding fluid apertures surrounds fuel exiting the central aperture and wherein one
of said at least two surrounding apertures contains oxygen and one contains RFG.
passing oxygen, fuel and recycled flue gas through their respective conduits in the
oxy/fuel burner, and; passing the streams through the precombustor; wherein the flow
rate of at least one of oxygen and recycled flue gas is varied in response to an external

measurement.

[0015] Further aspects of the method and system are disclosed herein. The features
as discussed above, as well as other features and advantages of the present invention
will be appreciated and understood by those skilled in the art from the following detailed

description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
[0016] FIG. 1-18 illustrate various aspects of the present disclosure.
[0017] Figures 1 and 2 illustrate one aspect of the inventive combustion system.

[0018] Figures 3 and 4 illustrate desirable results that can be achieved by using a

precombustor.

[0019] Figure 5 illustrates differing precombustors that can be employed in the instant

invention.

[0020] Figures 6 through 8 illustrate certain aspects of the invention relating to varying

the position of the streams supplied to a burner.

[0021] Figures 10 and 11 illustrate one desirable result that can be achieved by
controlling the RFG that is supplied to the inventive combustion system.
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[0022] Figures 12 and 13 illustrate some desirable results that can be achieved by

controlling oxygen that is supplied to the inventive combustion system.

[0023] Figures 9 and 14 through 20 illustrate certain aspects of the invention relating to

staging various streams supplied to the burner.

[0024] Figures 21 through 26 illustrate desirable temperature and velocity profiles that

can be achieved by the instant invention.
DETAILED DESCRIPTION OF THE INVENTION

[0025] As used herein, the term "fuel” refers to any fuel suitable for combustion
purposes. For example, the disclosure may be used with many types of fuels, including
but not limited to: natural gas, hydrogen, refinery off gas, refinery fuel gas, blast furnace
gas, propane, fuel oils, anthracite, bituminous, sub-bituminous, and lignite coals; tar;
bitumen; petroleum coke; paper mill sludge solids and sewage sludge solids; wood; peat;
grass; and combinations and mixtures of all of those fuels. As used herein, the term
“oxygen” refers to an oxidizer with an O, concentration greater than about 30 mol%:
typically greater than about 80 mol% and includes oxygen enriched air and oxygen
mixed with recycled flue gas. As used herein, the term oxy/coal combustion refers to coal
combustion in oxygen, the term air/coal combustion refers to coal combustion in air, the
term oxy/fuel combustion refers to fuel combustion in oxygen and the term air/fuel
combustion refers to fuel combustion in air. As used herein, the term “combustion fluid”
refers to a fluid formed from and/or mixed with the products of combustion, which may be
utilized for convective heat transfer. The term is not limited to the products of combustion
and may include fluids mixed with or otherwise traveling through at least a portion of
combustion system. As used herein, the term “recycled flue gas” or "RFG" refers to fluid
exiting at any suitable location along (including the end) the convective section that is
recirculated to any portion of the system. If desired, oxygen can be added to the RFG at
any suitable location (e.g., the RFG can comprise up to 30 mole percent O2 prior to
being introduced into the burner and/or precombustor). As used here, the term “flue gas
recycle” or "FGR" refers to a configuration permitting the combustion fluid to be recycled
into recycled flue gas. While any suitable flue gas source can be employed (including,
without limitation, flue gas from an adjoining or a distinct process), typically the flue gas
comprises products of combustion from usage of the inventive system.

[0026] Referring now to the drawings, Figures 1 and 2 show an exemplary embodiment

of the present disclosure. Fuel is introduced via conduit or pipe 1 into a precombustor 2

-6-
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from a burner 3. Oxygen is introduced via conduit or pipe 4 and surrounds the fuel
conduit 1, and recycled flue gas is introduced via conduit or pipe 5 and surrounds the
oxygen conduit 4. Fuel, oxygen and recycled flue gas can be connected and supplied to
their respective conduits in accordance with conventional apparatus and methods.
When exposed to appropriate conditions, fuel and oxygen react along the length of the
precombustor 2 such that a flame forms by the end face 6 of the precombustor thereby

releasing heat into a furnace or other environment utilizing the heat (not shown).

[0027] The oxygen and fuel reaction can be initiated by heat absorbed via one or more

of the following sources:

¢ Radiation from the furnace

¢ Energy from the precombustor walls in the form of either radiation (direct) or

conduction/convection via the intermediate RFG stream.
s Convection from pre-heating of reactants
e A distinct energy source such as an ignitor or pilot flame

[0028] As the fuel and oxygen react, the reactants are combusted, and thereby
consumed and converted into products, and the temperature of the reacting mixture
increases. As the temperature increases, the reaction rates further increase, resulting in
a temperature variation that occurs progressively more rapidly with distance along the
precombustor. That is, the temperature versus distance curve is concave with respect to
the distance axis. Since gas density is inversely proportional to temperature, density
therefore decreases sharply with distance. In a precombustor having constant flow
cross-sectional area, the result is a progressively increasing mixture velocity. Results of
calculations showing the increase of mixture temperature and velocity with distance
through the precombustor for an oxygen-natural gas flame are illustrated in Figure 3.
Referring now to Figures 3 and 4, increases in average mixture velocity by a factor of 3
is attainable in a precombustor with a nominal length to diameter ratio of 10. x/D as
represented in Figures 3 and 4 is the distance from the exit of the fuel nozzle to the exit
of the precombustor divided by the hydraulic internal diameter of the precombustor
cross-section. In the case of a circular passage, the hydraulic diameter is equal to the
actual diameter. For non-circular cross-sections, for example, the hydraulic diameter Dy,
may be equal to four times the cross-sectional area divided by the perimeter.

-7-
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Consumption of oxygen within the precombustor for this same modeling case is
illustrated in Figure 4. Similar to the trends in temperature and acceleration, this Figure
ilustrates a variation of oxygen consumption with distance that is increasing along the
precombustor length. The consumption of oxygen signifies that erosion of the gaseous
barrier between the hot flame interface and relatively cool precombustor wall is taking
place. Hence, to achieve a high degree of acceleration of the reacting mixture as
depicted in Figure 3, there is a risk that oxygen in the precombustor would be nearly or
completely consumed. In one aspect of the invention, RFG is employed as a gaseous
barrier or buffer between the precombustor wall (7 in Figure 2) and the oxygen/fuel to
control the temperature of the precombustor wall (e.g., the RFG can have a temperature
from about 373 to about 1273K ). If there is no RFG present to protect the precombustor
wall from the hot flame, the wall can be exposed to the high temperature oxy/fuel flame
and may eventually suffer a high temperature failure. However, the presence of RFG
reduces, if not prevents, this from occurring and thereby permits a greater range of
operation. The nature of the oxygen consumption versus distance curve (i.e., the greater
than linear consumption of oxygen) also indicates that control of the reaction becomes
challenging as the length of the precombustor and magnitude of acceleration increases.
That is, a small perturbation in the reaction rate (e.g., perhaps caused by reactant flow
non-uniformity or added turbulence), can lead to a progressively increasing rate of
increase in oxygen consumption as the combustion reactions progress. In some cases,
this will lead to the implementation of a narrower range of operating conditions in

configurations where RFG is not employed.

[0029] The foregoing Figures illustrate that one desirable benefit of the presence of the
RFG is to provide a supplemental barrier to prevent contact between the high
temperature flame interface and the precombustor wall. Without wishing to be bound by
any theory or explanation it is believed, that the protective action of the RFG stream
depends primarily on the distance between the precombustor wall and outer edge of the
oxygen stream (e.g. as this can define the initial barrier width of the RFG stream).
Another parameter, however, is the relative flow rates and velocities among the RFG,
fuel and oxygen streams. A high differential velocity between RFG and oxygen due for
example, to the use of a large RFG passage with a low RFG flow rate, may result in
rapid shear mixing of the RFG and oxygen streams with subsequent erosion of the
protective barrier. A similar effect may result from too large of a RFG flow rate coupled
with too small a RFG passage width. It is therefore useful to establish a range of RFG

-8-
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flow rates that are compatible with the dimensions of the precombustor. To minimize
mixing between the reactive O2 stream and the protective RFG stream, it is useful for
the ratio of the initial flow velocities (R 1=VelocityO2/VelocityRFG) be within the range
specified by equation 1 below. More generally R1 can range between about 0.3 and

about 3.0.

[0030] 0.5<R1<2.0 (1]

[0031] Itis possible to increase the degree of acceleration of the flame beyond the
level attainable with a constant flow cross-section by having the precombustor flow
passage cross-section decrease with distance. While such a precombustor design was
conventionally undesirable due to a change in flow stream direction and the subsequent
compressing of hot gas against the precombustor wall, the use of RFG in accordance
with the instant invention to control temperature makes this feasible, thereby broadening
the range of flame momentum that can be achieved from a single burner. Referring to
Figures 5a through 5c¢, two configurations of converging precombustor design are
ilustrated in Figures 5a and 5b. Figures 5a and 5b illustrate a precombustor 10 having
oxygen, fuel and recycled flue gas supplied in the manner illustrated in Figures 1 and 2
wherein the cross-sectional dimensions of the precombustor are varied. Figure 5a
shows precombustor 10 having reduced cross-section 11 adjacent the end face of the
precombustor. Figure 5b shows precombustor 10 having a converging cross-section 12
that leads to a reduced and uniform cross-section 13. The precombustor 10 may also
employ a straight precombustor section 14 followed by a divergent section 15 leading to
a process furnace (not shown). In this case, as illustrated in Figure 5c, acceleration
occurs in the straight section as previously described, while the divergent section
promotes recirculation of furnace gases (as distinguished from recycled flue gas) that
increases turbulent mixing, assists in flame tempering (i.e. dilution) and potentially

reduce NO, emissions.

[0032] Hence, the design of the precombustor with RFG is a desirable aspect of the
invention and can be employed to control the operation of the burner as well as tailor the
characteristics of the flame. A desirable design relationship between the initial flow
velocities of the fuel and oxidant is shown by equation 2 below and more generally by
equation 3 below where R2 is equal to VelocityO2/VelocityFuel.

[0033] 0.5<R2<2.0 2]
[0034] 0.3<R2<3.0 3]
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[0035] While the use of RFG in precombustors allows for the attainment of higher
degrees of precombustion of fuel and oxygen and, hence, higher levels of acceleration of
the fuel/oxygen stream into the process furnace simply by serving as a buffer between
flame and wall, the momentum of the RFG stream itself may be used to tailor the flame
characteristics. The RFG stream may add overall volume and momentum to the reacting
mixture as it penetrates the furnace, thus offsetting the effects of buoyancy. In such a
manner, the use of RFG is effective as a means for flame lengthening, and for stabilizing
the flame within a turbulent furnace environment. However, those skilled in the art will
recognize that additional effects may be achieved by specific manipulations of the RFG
stream. For example, adding swirl to the RFG stream may cause the flame to both
shorten and broaden as it enters the furnace space, while it also increases the shear

between the O, and RFG thus reducing the width of the protective layer.

[0036] Another benefit of the use of RFG with a precombustor is as a means of ignition
for the fuel and oxygen within the precombustor. For example, the temperature of the
RFG stream can be increased to a level that provides all or part of the ignition energy to
the fuel and oxidizer stream to facilitate rapid ignition of the mixture within the

precombustor. This can be accomplished in several ways. For example:

e Hot RFG introduced outside of oxygen and fuel as in Figure 2.
e Hot RFG blended with oxygen or fuel as in Figures 6 and 7.
e Hot RFG placed between oxygen and fuel as in Figure 8.

[0037] Referring now to Figures 6, 7 and 8, Figures 6 and 7 illustrate an aspect of the
combustion system illustrated in Figure 2 with the exception that a portion of the RFG is
introduced into at least one of the fuel and oxygen. The RFG can be combined with at
least one of the fuel and oxygen by using conventional connections and methods.
Figure 8 illustrates an alternative delivery arrangement wherein RFG is introduced
between the fuel and oxygen. In each of the aspects illustrated in Figures 6-8, a

precombustor 2 is employed.

[0038] Utilization of hot RFG to provide ignition energy to the reactants within the
precombustor has the advantage that it does not require a separate heat exchanger to
be added to the process. Thatis, the RFG stream is already heated to a temperature

-10 -
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that varies, for example, on the operation of the furnace system. In this aspect of the
invention, the RFG will have a temperature ranging from about 373 to about 1273 K.

[0039] Another aspect of the invention relates to improving the flame stability while
retaining the protective benefits of the RFG by delaying mixing between the RFG stream
and oxidant and fuel streams as shown in Figure 9. Referring now to Figure 9, this may
be accomplished by staging the inlet of the RFG stream 5 into the precombustor 2 using
a barrier 8 so that a relatively pure stream of O2 4 may mix with the fuel 1 to initialize
combustion. The RFG 5 is then added downstream of the fuel/oxygen mixture in order

to protect the precombustor wall from flame impingement.

[0040] An oxy-fuel burner operating with RFG in accordance with the instant invention
may be operated stably and with nearly constant momentum over a wide range of
conditions. For example, in another aspect of the invention illustrated in Figure 10, a
precombustor 2 is coupled to a burner 3 that uses two RFG streams 21 and 22 that are
supplied from RFG stream 20. One RFG stream 21 flows through the precombustor
while the other RFG stream 22 flows outside the precombustor. A valve 23 in the RFG
stream 20 allows for manipulation of the internal/external RFG split as a function of a
process variable. Process variables that may be used to actuate the valve 23 and
change the internal versus external RFG split include, but are not limited to, firing rate,
sensors viewing the flame, sensors measuring the precombustor temperature, heat flux
sensors in the furnace, emissions measurements or furnace gas/process fluid
temperatures, or combinations thereof. For example, when the burner firing rate is used
as the actuating variable, a control scenario could proceed as follows: at a relatively low
firing rate, the internal RFG flow is maximized, thereby augmenting the momentum and
therefore maintaining the length of the burner flame, while at a relatively high firing rate,
the external RFG flow is maximized so the internal momentum is curtailed while the

flame length is kept nominally the same.

[0041] The aspect of the invention disclosed in the preceding paragraph relates to a
method of operating the inventive combustion system to minimize the variation in length
of the burner flame, and is qualitatively illustrated in Figure 11. Referring now to Figure
11, Figure 11 illustrates the affects of varying the internal to total RFG flow rate ratio.

For example, when a burner is operating at its lowest firing rate setting, it is typically
desired to maintain the internal RFG flow rate relatively high. Similarly, for relatively high
firing rate external RFG flow may high. In Figure 11, a variation of internal to total RFG

-11 -
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is shown (sloped line) that yields a substantially constant flame length (i.e. through
burner momentum control). By controlling and appropriately varying the RFG as
qualitatively depicted in this figure, the instant invention permits generating a flame
having a substantially constant momentum even though the firing rate may increase or
decrease. As aresult, the aspect of the invention illustrated in Figures 10 and 11 can

also extend the firing rate range of the burner.

[0042] Another aspect of the invention is shown in Figure 12, wherein controllable
internal and external oxygen (relative to the precombustor) are added to the aspect of
Figure 10. The aspect shown in Figure 12 provides the advantage of allowing for
increased control over NO, emissions and flame properties such as temperature and
heat flux. For example, by reducing the internal O, and increasing the external O, at a
fixed firing rate, via valve 24, the maximum flame temperature and heat flux are reduced,
the flame is generally lengthened, and reaction chemistry is altered in a manner that may
lead to a reduction in (thermal and fuel) NO, generation. Alternatively, by increasing the
internal O; and reducing the external O, via valve 24, a higher maximum flame
temperature and a shorter, more compact flame with a higher maximum heat release
rate may be achieved. The useful role that RFG plays in this aspect is to permit more
aggressive or controlled “staging” (e.g., greater spread between internal and external O,
flows) and hence, a wider range of control over maximum flame temperature, heat flux,
flame length and NO, emissions, without sacrificing flame stability or precombustor
mechanical integrity. Similar to the aspect of the invention illustrated by Figure 10, the
actuating variable or parameter for controlling the internal vs. external oxygen split can
be of the group previously described, or from another group that is more important to

operation of the process furnace in question.

[0043] The additional degree of freedom in flame control afforded by simultaneous
variability of both RFG and O2 within the precombustor is qualitatively illustrated in
Figure 13. For each value of the ratio of internal to total O2, a variation of the internal to
total RFG with burner firing rate that yields a constant flame length is depicted. Note that
as this ratio decreases, the combustion efficiency will eventually decrease, and may lead
to a practical limit in the degree of oxygen staging that can be achieved. The actual limit

will depend on fuel properties, furnace, and burner design.

[0044] Referring now to Figures 14 through 19, these Figures illustrate additional

aspects of the invention wherein one or more of the material flows can be controlled via
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staging. Referring now to Figures 14 and 15, these Figures illustrate an example of a
means of achieving O, staging or RFG staging within the precombustor. Referring now
to Figures 16 and 17, these Figures illustrate a means of achieving O2 staging or RFG
staging within the burner/precombustor system but without injecting all of the O2 or RFG
into the precombustor reaction space. If desired, the ratio between the two O, flows or
between the two RFG flows can also be achieved by means of a control valve as shown

in Figures 10 and 12.

[0045] In one aspect of the invention, flame stability can be controlled or improved by
employing multiple O, and or RFG inlet streams. For example, a central primary O2 and
secondary O, stream may surround the fuel stream as shown in Figure 18. This added
contact area between the O, and fuel streams will increase the stability of the flame and
may reduce fuel NOx (NOx generated from fuel nitrogen), which would therefore be
especially important for solid or liquid fuels. Alternatively hot RFG may be used as
mentioned previously to heat the fuel and/or O,. However in order to promote mixing
between the oxidant stream and the fuel stream, only a portion of the RFG may be used
between the oxidant and fuel stream. The remainder of the RFG (which may be at a
much lower temperature if desired) may be injected outside of the oxidant stream as a

protectant to the precombustor as shown in Figure 19.

[0046] Referring now to Figure 20, this Figure illustrates another aspect of the
invention that minimizes any negative affect associated with fuel that may impinge on the
walls of the precombustor due to fuel atomization (e.g. liquid fuels) or fuel transport (e.g.
solid fuels). In this aspect the fuel nozzle may be moved or extended to be within the

precombustor as shown in Figure 20.

[0047] In addition to the various aspects described above, combinations of the above
aspects may be combined to create aspects or embodiments without being outside of
the scope of the present invention. For example, the precombustor and/or stream inlets
can be non-circular in shape such as rectangles or polygons. This can be done in order
to shape the flame to achieve more direction-specific radiation release.

[0048] The following Examples are provided to illustrate certain aspects of the

invention and shall not limit the scope of the claims appended hereto.
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Examples

[0049] A certain aspect of the instant invention analysis was carried out using the
ANSYS/FLUENT version 6.3 computational fluid dynamics (CFD) software package.
The results are illustrated in Figures 21 through 26. The burner modeled in this analysis
is of the configuration disclosed in Figure 2. That is, fuel (natural gas in this case) is
introduced in a central conduit, oxygen in a first annular conduit and recycled flue gas
(RFG) in a second (outer) annular conduit. The RFG is assumed to be pure CO2. The
streams from the burner discharge into a 9 inch diameter by 20 inch long precombustor,
which exhausts into a furnace. The flow cross-sectional areas of the various passages

are presented in Table 1.

[0050] Table 1

[0051] Conduit [0052] Cross-Sectional Flow Area (in°)
[0053] Fuel [0054] 3.14
[0055] Oxygen [0056] 7.49
[0057] Recycled Flue Gas [0058] 53.0

[0059] The inlet temperatures of oxygen and natural gas are both 300 K. The recycled
flue gas is assumed to be pure CO2, and is introduced at 500 K. The oxygen and RFG
flows are introduced in a proportion such that, if they were combined, the resulting

mixture would have an oxygen molar concentration of 28%. That is:

Moles Oxygen/[Moles Oxygen + Moles RFG] = 0.28

[0060] Referring now to Figures 21 and 22, these Figures 21 and 22 show the modeled
temperatures and X direction velocity, respectively, for the inventive burner of Table 1 as
operated at a thermal firing rate of 15 MMBtu/hr.  Similarly, Figures 23 and 24 show the
temperature and velocity patterns, respectively, that can be produced by the inventive
burner operating at 3 MMBtu/hr. This analysis shows that, as the firing rate is lowered
from 15 to 3 MMBtu/hr, the flame length, as estimated from the temperature contours,
remains substantially the same. Further, as discerned from the shapes of both the
temperature and velocity contours, the flame trajectory at the “turndown” or 3 MMBtu/hr

condition is only minimally distorted (pulled upwards) by buoyancy forces.
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[0061] The characteristics of the system illustrated in Figures 23 and 24 were
compared to those of the same burner operating with the oxygen and RFG premixed and
distributed to both the oxygen and RFG conduits at 28 mol% O2. Temperature and
velocity contours for the turndown case are shown in Figures 25 and 26, respectively.
When comparing similar parameters, the buoyancy-induced distortion is more substantial
for the pre-mixed O2/RFG. Without wishing to be bound by any theory or explanation, it
is believe that this is due to the oxidant initially in contact with the fuel is of a much lower
oxygen concentration for the premixed burner than for the inventive burner, and
therefore slows the initial combustion reactions and reduces gas acceleration through
the precombustor. Moreover, it is also believed that an added benefit of the inventive
burner is that the outer RFG, being essentially inert, is able to provide more effective
temperature protection of the precombustor wall. In the present comparison, the peak
precombustor wall temperature is about 73 K lower with the inventive burner for the case
shown in Figure 23 than with the pre-mixed burner for the case shown in Figure 25. This
cooler precombustor wall temperature for the inventive burner occurs even though the
peak flame temperature inside the precombustor for the inventive burner is 2184 K
compared to 1260 K for the premixed burner. This relatively large difference of peak
flame temperatures reflects a much more stable flame for the inventive system. A more
stable combustion can be achieved at the same time as the precombustor wall
temperature is reduced for the inventive system, thereby leading to a broader operating

range while minimizing, if not eliminating, precombustor overheating.

[0062] Additional beneficial effects of the invention can be achieved by controlling the
internal and external (relative to the burner) flows of oxygen and RFG that constitute
additional aspects of the present invention. Inclusion of these benefits, for example as
disclosed herein and depicted in Figures 10 and 12, would add additional ability to tailor
the flame characteristics to achieve optimal results over a wider range of conditions than

attainable without the application of the present invention.

[0063] While the invention has been described with reference to certain aspects or
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to the

particular embodiment disclosed as the best mode contemplated for carrying out this
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invention, but that the invention will include all embodiments falling within the scope of
the appended claims.
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CLAIMS

. A combustion system comprising:

a precombustor comprising a passage extending through the precombustor, said
passage adapted to receive reaction products from a burner having a longitudinal
axis wherein the longitudinal axis is coincident with the passage,and wherein the
burner comprises at least two annular fluid apertures surrounding a central
aperture so that fluid exiting the at least two surrounding fluid apertures
surrounds fluid exiting the central aperture and wherein one of the apertures

contains oxygen, one contains fuel, and one contains RFG.

. The combustion system of Claim 1 wherein the central aperture comprises at

least one fuel comprising a member selected from the group consisting of natural
gas, hydrogen, refinery off gas, refinery fuel gas, blast furnace gas, propane, fuel
oils, anthracite, bituminous, sub-bituminous, and lignite coals, tar, bitumen,
petroleum coke, paper mill sludge solids and sewage sludge solids, wood; peat,

and grass.

. The combustion system of Claim 1 wherein the RFG aperture surrounds the

oxygen aperture.

. The combustion system of Claim 1 wherein the dimensions of the burner are

sufficient to achieve a flow velocity ration R1 = Velocity oxygen/velocity RFG
between about 0.3 and about 3.0.

. An oxy/fuel combustion system comprising an oxy-fuel burner having a fuel

conduit and an oxygen conduit surrounding the fuel conduit and a recycled flue
gas conduit that surrounds at least one of the fuel conduit and the oxygen
conduit, and a precombustor dimensioned and positioned to receive streams from

the burner.

. The combustion system of Claim 1 wherein the precombustor comprises a first

end adjacent to an end of the burner emitting reaction products and a second end

adjacent to a furnace.

. The combustion system of Claim 6 wherein the second end of the precombustor

comprises a converging opening.

. The combustion system of Claim 6 wherein the second end of the precombustor

comprises a diverging opening.
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10.

11.

12.

13.

14.

15.

16.

17.

The combustion system of Claim 6 further comprising a flow control system
wherein recycled flue gas is combined with at least one of oxygen and fuel prior
to entering the oxy/fuel burner.

The combustion system of Claim 6 further comprising a flow control system
wherein the flow rate of flue gas recycle is varied in response to a predetermined
parameter.

The combustion system of Claim 6 further comprising a flow control system
wherein the flow rate of oxygen is varied in response to a predetermined
parameter.

The combustion system of Claim 10 wherein RFG is introduced through the
burner and any remaining RFG is introduced into the furnace.

The combustion system of Claim 11 wherein oxygen is introduced through the
burner and any remainder is introduced into the furnace.

The combustion system of Claim 6 wherein RFG is introduced through the burner
and the balance is introduced into the furnace and oxygen is introduced through
the burner and the balance is introduced into the furnace.

The combustion system of Claim 12 wherein the flue gas is introduced adjacent
to the burner and flows through a passage within the precombustor.

The combustion system of Claim 13 wherein the oxygen is introduced adjacent to
the burner and flows through a passage within the precombustor.

A method for combusting a fuel comprising:

providing a combustion system comprising a precombustor comprising a passage
extending through the precombustor, said passage adapted to receive streams
from an oxy/fuel burner having a longitudinal axis wherein the longitudinal axis is
coincident with the passage, and wherein the burner comprises at least two
concentric fluid apertures surrounding a central aperture for fuel so that fluid
exiting the at least two surrounding fluid apertures surrounds fuel exiting the
central aperture and wherein one of said at least two surrounding apertures
contains oxygen and one contains RFG.

passing oxygen, fuel and recycled flue gas through their respective conduits in
the oxy/fuel burner, and;

passing the streams through the precombustor; wherein the flow rate of at least
one of oxygen and recycled flue gas is varied in response to an external

measurement.
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18.

19.

20.

21.

22.

23.

24.

The method of Claim 17 wherein the external measurement comprises at least
one member selected from the group consisting of firing rate, sensors viewing the
flame, sensors measuring the precombustor temperature, heat flux sensors in the
furnace, emissions measurements and furnace gas/process fluid temperatures.
The method of Claim 17 wherein a flame is formed and the flow rate of recycled
flue gas is varied in a manner sufficient to maintain a substantially constant flame
length.

The method of Claim 17 wherein the oxygen and recycled flue gas flow rates are
varied in a manner sufficient to maintain a predetermined level of NOx emissions.
The combustion system of claim 1 wherein at least three distinct fluid mixtures
are conveyed through the passages.

The combustion system of claim 10 wherein the predetermined parameter
comprised one of more of burner firing rate, furnace temperature, fuel quality, flue
gas temperature, flame intensity, flame length, flame stability.

The method of claim 17 where said passing oxygen, fuel and recycled flue gas
through their respective conduits in the oxy/fuel burner comprises passing at least
three distinct fluid mixtures through the burner.

The combustion system of Claim 1 wherein the fluid exiting each aperture is of

different composition.

-19 -



WO 2010/036877 PCT/US2009/058353

1/ 27

Precombustor

RFG

Figure 1
/

-

Fuel
A




PCT/US2009/058353

WO 2010/036877

2/ 27

94y <z

jong

@ STy

cO

¢ 2.nbi4



PCT/US2009/058353

WO 2010/036877

3/ 27

(1) aanesadwa] sen

e
00c

l

(arx) eoueysiq ssajuojsuswig
ot 8 9 14 [4

00V

009 -

008

0001

00ct

1

=

loisnquiodaid ybnoiyy uoneia}aday pue anjesodwsa |

¢ ainbi4

(12JUIA/A) J010B4 UOlRIB|9IDY



PCT/US2009/058353

WO 2010/036877

4 /] 27

vi

ol

(arx) aoueysig
ol 8 9 14 4 0

L. ! 5 ' na

101SNQUIOO3ld Ul 8duelsiqg SA pauwnsuo) 20

 a4nbi4

%0

%02

%0

%09

- %08

%001

pawnsuo) Zo



PCT/US2009/058353

WO 2010/036877

5/ 27

.u\ _ cO

19Jud —_—
W80 +— jongy

————
—,

—~ ]
O4Y

—— _

"eg

qs @ eg ainbi4



PCT/US2009/058353

WO 2010/036877

6 / 27

uonebedo.id
swe|4

| 20
— .
———=—eng

—————

.\
/%
]

uoneNo.IDa)
seb aoeuing

oG 9.nbi4

R
_ DY



PCT/US2009/058353

WO 2010/036877

7/ 27

Jelue)

9 2.nbi4

a—

4

L

¢O

_ J| jeng

Odd

9



PCT/US2009/058353

WO 2010/036877

8 / 27

J8ju8)

llllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllll

/ 9InBbi4

7

a“

fend

A||.I.||||_

«

.Illll.ullﬂ.l. cO T

944



PCT/US2009/058353

WO 2010/036877

9 / 27

18)u8n

- e e i e e e e = S o  w  ee e

D I e e I e L

g ainbi4

z 1en4

——— D4y 9

4

NOT



PCT/US2009/058353

WO 2010/036877

10 / 27

O4d

|8n4

191U8)

cO

llllllllllllllllllllllllllll

lllllllllllll
—— - - - - - -
- — - -

6 91nb14

+«——— DdY



PCT/US2009/058353

WO 2010/036877

11 / 27

IEIETS)

——1eng T

[ &
J101sSnquiodald Joauing
A__ A
N/ )
_ L O
L
|
T,
1 Z [eusayy|
[eusaxg OEL
zZ BAjen
e’

Ol 8inbiyg

ol



PCT/US2009/058353

WO 2010/036877

12 / 27

yibua swel4

arey Buui4 Jauing

wbus] swelq

944y [elol /jeulsiu

| | @inbi4

oned H4Y [eio]/|eulsiul



PCT/US2009/058353

WO 2010/036877

13 / 27

181U8)

ot
Joysnquiodaly

A

<
lauing

A

N 7

leuielxg |z ONBA

_ LEENT

4

N

| Z leuisu)

[ewsixg
cZ

BAJeA
¢z

2l ainbi

4y

el



PCT/US2009/058353

WO 2010/036877

14 / 27

oley Buuig Jsuing

BWe|4 Japoyg
‘ainjeladwa)
awe|4 JaybiH

A

¢O [e101/feutaly
Buiseaosqg

]
]
]
¥
]
]
)
’
i
]
]
i
¥
i
1
1
1
i
1
]
1
]
1
]
!

Vv
dwej Jobuon

‘XON 19M07

€1 2inbi4

OlieH H4Y |e10] /feulayu]



PCT/US2009/058353

WO 2010/036877

15 / 27

ST}

it T
- - -]

- —
e i
- - -

en4d

1 8i1nbi4

O4H



PCT/US2009/058353

WO 2010/036877

16 / 27

SEIETS)

e, e _,——— -




PCT/US2009/058353

WO 2010/036877

17 / 27

lsjuan

o - - -
i e T
- o -

91 ainbi



PCT/US2009/058353

WO 2010/036877

18 / 27

191us)n

_——— ... - o

/1 @inbi4



PCT/US2009/058353

WO 2010/036877

19 / 27

181us)

- - o

81 a.nbiy



PCT/US2009/058353

WO 2010/036877

20 / 27

IEMIETS)

b - - ———




PCT/US2009/058353

WO 2010/036877

21 / 27

O44

lon

cO

Jojus)n

cO

~——— jong

+«——— Odd

llllllllllll

0c ainbiy



PCT/US2009/058353

WO 2010/036877

22 / 27

12 84nbi4

y/mquiw g1
00+200 0
c0+apg|
c0+epgg
c0+eQye
ep+ape s
e0+200'6
go+egot
£0+892'1
g0+optL

gotezyl

£0+2081
(D) ainjesadwsg



PCT/US2009/058353

WO 2010/036877

23 / 27

2c ainbi4

14y/mQquwi g1

00+200 +-
00+20070
00+200'y
00+200'8
L0+202'L
L0+209')
L0+200'2
Lo+eprz
lo+epge
Lo+202°g
Lo+ep9e
10+200'F
L0+e0p'y
Lp+e08y
L0+20z's
10+209's
10+200'9
Lo+e0r'g
L0+2089
10+202 £
L0+809°L
(s/w) Aydojap




PCT/US2009/058353

WO 2010/036877

24 / 27

€2 ainbiy

Y/mauw ¢
00+2000
c0+20g1
c0+ap9¢
c0+aor's

2043022

E0+egeL
E0+apy

g0+9gyL

E0+20g1
(D) aunjesadwa)



PCT/US2009/058353

WO 2010/036877

25 / 27

vZ ainbiy

y/mquiw ¢
00+200°2-
0042000
00+200°2
00+200'%
00+200'9
00+200'8
L0+200 L
L0+802'|
L0+301'L
lo+209'L
t0+208'1
L0+8002
L0+2022
L0+20p2
10+209°2
L0+2087
Lo+ep0'E
L0+802g
10+20pg
10+209°
10+208€

(s/w) Aypojap




PCT/US2009/058353

WO 2010/036877

26 / 27

Ge ainbi4

Jy/mquiw ¢
00+200 0
20+20g'1
20+009°c
co+agre

c0+ape L

E0+e92'tL
£0+ovy |
£0+229y

£0+e0g1
(D) aimesadwaj




PCT/US2009/058353

WO 2010/036877

27 [/ 27

Og 8inbiy

Jy/mguiw ¢
00+8p02-
00+200D
00+200¢
00+200'v
00+200°9
00+200'g
L0+200'1
L0+20z'1
LO+e0p'L
10+209°1
10+208'1
L0+200°2
l0+23pe2'2
LOo+3pre
l0+e09¢
L0+208¢
10+900°¢
lo+apeg
Lo+apre
10+209¢
L0+20g¢

(s/w) A3d0jap




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings

