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(57) Abrege/Abstract:

A coal nozzle assembly for a pulverized coal burner comprises a coal nozzle having an upstream inlet and a downstream outlet.
The coal nozzle has a wall having an inner surface and a diffuser positioned In the coal nozzle closer to the upstream inlet than the
downstream outlet. The diffuser has a body with a tapered upstream portion, and has a plurality of blades extending outwardly from
the body. A burner elbow Is connected to the upstream inlet of the coal nozzle, and the burner elbow defines an observation
portion and comprises a flow conditioner therein, the flow conditioner resulting in a pressure drop In the elbow. The flow
conditioner I1s adapted to direct a coal rope toward the upstream portion of the diffuser. The assembly conditions a coal/air flow
before It Is Introduced into a furnace.
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ABSTRACT

A coal nozzle assembly for a pulverized coal burner comprises a coal nozzle having an
upstream inlet and a downstream outlet. The coal nozzle has a wall having an inner surface
and a diffuser positioned in the coal nozzle closer to the upstream inlet than the downstream
outlet. The diffuser has a body with a tapered upstream portion, and has a plurality of blades
extending outwardly from the body. A burner elbow is connected to the upstream inlet of the
coal nozzle, and the burner elbow defines an observation portion and comprises a flow
conditioner therein, the flow conditioner resulting in a pressure drop in the elbow. The flow
conditioner is adapted to direct a coal rope toward the upstream portion of the diffuser. The

assembly conditions a coal/air flow before it is introduced into a furnace.
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BLADED COAL DIFFUSER AND COAL LINE BALANCING
DEVICE

[0003] Field of Invention

[0004] The present invention concerns improvements in the field of low nitrogen oxide
(NOXx) pulverized coal fired burners. More particularly, the invention relates to the coal

nozzle assembly that conditions the pulverized coal/primary air stream prior to

combustion.

[0005] Background of the Invention

[0006] Low NOx coal fired burners employ various types of hardware in the burner

nozzles to alter the primary air/pulverized coal (PA/PC) stream before entering the
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burne'r throat for initiation of combustion. These devices are designed to enhance

fuel/air mixing to better control NOx emissions. US Patent 4,380,202 discloses a

- conical diffuser 10 (an example of which is depicted in FIG. 1) that has been utilized in

Babcock and Wilcox’s DRB-XCL® and DRB-4Z® burners. The conical diffuser 10 Is

‘located near the entrance of the coal nozzle 4 downstream of an optional stationary

deflector 8 Iocated' within the annuals of coal nozzle 4. The diffuser promotes the

~ generation of a fuel rich ring of fuel near the walls of the coal nozzle 4 downstream of
“the conical diffuser 10 thereby promoting improvemen'ts in flame stability and lower

NOx emissions. The conical diffuser 10 is typically constructed from ceramic materials

to improve wear resistance.

[000.7] Combustion testing has demonstrated that an air-staged DRB-4Z® burner
“equipped with a distribution cone 5 Iocated in the coal nozzle 4 and upstream of a
‘standard bladed impeller 12 (see FIG. 2) produces lower NOx emissions than the same
burner equipped with a conical diffuser. Testing with eastern bituminous coal has
shown that a NOx reduction of about 17% can be achieved using a standard bladed
impeller 12 when staged near 0.8 stoichiometry. Increased near field mixing under
reducing conditions tends to favor lower NOx emissions. Field testing has also
demonstrated lower NOx emissions are achieved with DRB-XCL® burners equipped

- with standard bladed impellers 12 compared to those equipped with conical diffusers 10

under certain staged conditions.

[0008] While standard bladed impellers 12 and similarly located mixing devices ca'n_
offer functional NOx improvements, they generally Suffer from erosion énd high
témperature related degradation. Achieving the intended mixing benefit of standard
bladed impellers 12 generally requires placing the impellers at or near the exit of the

burner coal within the coal nozzle 4. However, at these locations impellers readily
reach high temperatures from radiative heat transfer from the furnace. These high
temperatures are undesirable to impeller longevity as they can thermally erode metal
components directly and/or cause coal to stick and cake upon the device causing

additional unfavorable consequential damages.
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[0009] Pulverized coal is highly abrasive, and erosion from pulverized coal is a
consistent problem for burner component in .direet' contact therewith. While ceramics
can minimize this effect and are frequently used to protect equipment from erosion, high
temperatures near the exit of the burner coal nozzle 4 prevent the effective use of

' ceramics in such applications. When combi_ned, erosion and exposure to high
temperatures generally shorten component life of impellers and similarly located
devices to typically about a year of effective service life, after which the burner '
experiences diminished performance until such time that the impeller isreplaced.
Standard impellers 12 and similarly located devices thus experience a limited effective
service life in the power generation, requiring substantial expenditures (cost, material,
labor, and outage time) to facilitate repeated replacements. A need thus exists to
develop a diffuser impeller device of a lengthened service life to alleviate concerns

associated with prior art irhpellers.

- [0010] An additional concern of pulverized coal fired burners'is;the potential for non-
uniform distribution of pulverized coal and primary air to multiple burners served by a
given pulverizer. Such non-uniformities are due in part to differences in coal p:plng from
the source (pulverlzer) of a pulverized coal stream to each individual coal outlet
(burner) Each burner, as provided within a grven boiler/combustion facility, is Iocated at
a unique dlstance from the pulverizer that supplies the pulverized coal to the burner.
Inherent In any given b0|ler facility are differences such as: lengths of coal piping runs, .
number of bends per each run, bend geometries, and in some cases a single mill or
pulverizer can 8upply multiple elevations of burners. These factors combine to cause
differences in flow reSistance unique to each pipe, and thus each burner. To
compensate for these dlfferences fixed orifices or similar devices are sometlmes
utilized in an effort to balance flow distribution through each of the coal pipes for each
pulverizer. While helpful, such devices have inherent limitations making it not possible

to provide sustainable uniform distribution.
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[0011] Another technique Is to apply adjustable flow resistors in the coal piping.
Adjustable flow resistors provide the advantage of on-line adjustment. for measured
imbalances, with varying eﬁectiveness. However, such devices are generally
‘economically infeasible based on the need to supply a ceramic lined spool piece to
house such a device. Further, installation costs provide an additional barrier to
feasibility due to the need for coal piping alterations (cuttihg, addition of flanges), a lack
of accessibility, and a need for new platforms etc. to install and maintain such
equipment. A need thus exists for improved readily installable adjustable flow resistorS'.

[0012] Effective impeller deSigns must also take into consideration various

' characteristics of combustion such as flame length. Low NOX pulverized coal-fired
burners tend to form long flames and produce higher levels of unburned combustibles
relative to conventional burners. Long flames generally result from insufficient air '

~ supply to the fuel jet as It proceeds into the fUrnace. Secondary air from'theouter air
zones of low NOx burners does not effectively penetrate the fuel jet, such that
uncombusted ,fu'el persists along the flame axis. Many low NOXx systems utilize over-fire

air ports to burn out uncombusted fuel in a manner that inhibits NOx emissions via the

~ well known principle of air staging.

[0013] Depending on a given furnace’s dimensions (depth, height, etc...), excessively )
long flames can result in flame impingement, slagging, and corrosion of boiler tubes
thus impairing the function of the burner. Longer burner flames may also unfavorably
~extend into po~rt'ions of the furnace where over-fire air is introduced through overfire air -
ports. In such instances the ability to control NOx formation is unfavorably inhibited as

- air supplied by the overfire air system can extend the flame beyond the over-fire air
zone, thereby effectively merging multiple combustion stages ahd minimizing the
benefits of stage combustion. Effective mixing of coal and air prior to combustion
provides a degree of control over flame length. An industry need thus exists to provide a
diffuser impeller of improved wear resistance; thereby enhancing controlled air/fuel

mixing, and thus resulting flame and combustion characteristics, associated with an

operative diffuser impeller.
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[0014] SUMMARY OF THE INVENTION

[0015] The present invention proviaes a coal nozzle assembly for a pulverized coal
- burner, a diffuser that may be used with the assembly, and a flow conditioner that_'may
be used with the assembly. The assembly of the present invention conditions the

coal/air flow before the coal/air flow exits the burner.

[0016] In one configuration, the invention p,rcivides a ceramic diffuser located in the
upstream end of the Coal‘nozzle. The configuration of the diffuser allows the diffuser to
be manufactured from ceramic and located in the cooler upstréam end of the coal
nozzle. The ceramic diffuser may have a body with a ta_pe.red upstream po_rtic_n and a
plurality of blades extending outwardly from the body. The blades are angled with
respect to the longitudinal direction of the coal nozile.-such that a coal and air flow

passing through the diffuser may be selectively swirled.

[0017] In another configuration, the invention provides a diffuser for a coal nozzle
wherein the tapered upstream end of the diffuser body is blunt so that a pulverized coal
stream engaging the blunt upstream end of the diffuser will be broken apart and

directed relatively evenly between the pluralities of blades.

[0018] In a different configuration, the invention provides a diffuser for a coal nozzle
-~ wherein the body of the diffuser includes a tapered upstream end and a downstream
~ portion with blades extending outwardly from both the upstream end and th,',e,'

downstream portion.

[0019] The invention al'so-provides an adjustable flow conditioner for a burner elbow

wherein the flow conditioner includes a fixed portion and an adjustable po'rtion.

[0020] Another configuration of the invention provides a coal nozzle assembly for a

pulverized coal burner. The assembly includes a coal nozzle having an upstream inlet
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and a downstream outlet; the coal nozzle having a wall having an inner surface; a

burner elbow disposed upstream of the upstream inlet; a diffuser po'sitioned in the coal
nozzle closer to the upstream inlet than the downstream outlet; the diffuser having a

body with a tapered upstream portion; the diffuser having a plurality of blades extending
outwardly from the body; the blades being adapted to spin a flow of air and coal; and an
adjustable flow conditioner carried by the burner elbow; the adjustable flow conditioner
having a fixed portion and an moveable portion; the fixed portion being adapted to direct
a pulverized coal stream into the tapered upstream portion of the diffuser and the '

moveable portion being selectively movable to adjust the pressure drop across the

burner elbow.

[0021] BRIEF DESCRIPTION OF THE DRAWINGS

-—

[0022] FIG. 1 is a perspective view of a prior art coal nezzle assembly having the prior

art conical diffuser.

' [0023] FIG. 2 is a perspective view of a prior art coal nozzle assembly having the prior

art 15 degree impeller.

[0024] FIGS. 3A-3E are sehematic vViews showing the particle flux of primary
air/pulverized coal at locations along the prior art coal nozzle assembly of FIG. 2.

[0025] FIG. 4is a Iongltudlnal section view of a coal nozzle assembly according to one

exemplary confi guratlon of the present invention.

[0026] FIG. 5 is an end view of the exemplary coal nezzle assembly of FIG. 4.

[0027] FIG. 6 is a perspective view of an exemplary configuration of a diffuser used

with the coal nozzle assembly.
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[0028]  FIGS. 7A-7E are schematic views showing the particle flux of primary
air/pulverized coal at locations along the coal nozzle assembly of FIG. 4 with the

adjustable‘deflec':tor 100 percent open.

[0029] FIGS. 8A-8E are schematic views showing the particle flux of primary
air/pulverized coal at locations along the coal nozzle assembly of FIG. 4 with the

adjustable deflector 100 percent closed.

[0030] Fig. 9A is a first perspective cross sectional view of a coal deflector according

to the present invention wherein the adjustable deﬂectOr_ IS Ina ﬁrst position.

[0031]‘ Fig. 9B is a second perspective cross sectional view of a coal deflector

according to the present invention wherein the adjustable deflector is in a second

position.

[0032] It shall be understood that similar numerals as used herein shall refer to similar

~elements throughout the specification.
[0033] DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT

[0034] A coal nozzle assembly 102 for a pulver'ized coal burner includes a coal nozzle
or coal nozzle pipe104 and a burner elbow 106. Coal nozzle assembly 102 conditions
the primary air/pulVerized coal stream before dispensing it to the furnace. Coal nozzle
assembly 102 may be used to accomplish rapid mixing of pulverized coal and
secondary air in a burner to accelerate the combustion of the pulverized coal under
reducing conditions In an air staged unit. The accelerated combustion oxidizés the fuel
more rapidly in the burner.zone to the extent air Is available. The accelerated
combustion provides more time for the ﬂué gas to complete the combustion under
reducing conditions before the balance of air is supplied by the over fire air system. The
increased residence time under reducing conditions decreases the amount of NOx

formed in the burner zone. Further, more complete combustion in the burner zone limits

7
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the amount of remaining fuel needed to burn at and above the over fire air ports,
thereby lowering the unburned combustibles leaving the furnace and improving
efficiency. Accelerated combustion is further desirable as it serves to shorten and
widen the flame envelope; reducing flame impingement for si'ngle wall fired boilers and

~mitigating the formation of longer flames capable of extending into the over fire air zone.

[0035] Coal nozzle assembly 102 includes a diffuser 110 located in the cooler
upstream portion of coal nozzle 104. In the context of the present inventioh, the
upstream portion of coal nozzle 104 is 'readily defined as thé ceramic lined portion of the
coal nozzle 104, which is generally inclusive of the half of nozzle 104 that is closest to
the inlet 112 of nozzle 104. In fhe exemplary configuration of assembly 102 depicted in
FIG. 4, difftuser 110 is located one quarter of the nozzle length (defined between inlet
end 112 and the outlet end 114) from inlet end 112. In other configurations, diffuser 110
may be located from between about zero to about 2 coal nozzle diameters‘away' from

" nozzle inlet end 112. Diffuser 110 is. cOnfigured to condition the primary air/pulverized
coal stréam Into an elongated tube having a high concentration of pulverized coal
disposed a'r0und a primary aif—rich center. Once the pulveriZed coal leaves nozzle 104
at the nozzle exit 114, it will continue to flare in an outward motion causing it to mix with
the secondary air streams and increase the rate of combustion. The location of diffuser

110 in the nozzle 104 allows diffuser 110 to be fabricated from a ceramic material to

provide diffuser 110 with more desirable wear properties.

[0036] Diﬁ‘usér 110 imparts a spin or a swirl on the primary air/pulverized coal stream
in the upstream pOrtion of coal noz.zle 104. Diffuser 110 encourages the spinning flow
to persist from the location of diffuser 110 to the exit 114 of coal nozzle 104 and into the
furnace. Diffuser 110 is configured to generate a downstream fuel configuration that is
air rich in the cénter and fuel rich near the inner surface of the coal nozzl‘e 104. In
addition to its location in coal nozzle 104, diffuser 110 achieves the desired fuel/air
distribution using a tapered upstream body portion or nose 120 combined with a
plurality of blades 122 that extend from a downstream body portion 124. In addition to

these factors, the distribution of the fuel and air within coal nozzle 104 is influenced by
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flow conditioning in elbow 106. A flow conditioner 130 may be provided in burner elbow
106 to red'irect pulverized coal flow (generally in the form of an elongated stream/helical”.'
coil or a “coal rope”) formed along the o.Uter radius of elbow 106 by centrifugal forces.
Flow conditioner 130 may be used to direct the coal rOpe into upstream body portion
120 of diffuser 110 where the pulverized coal flow is broken apart and distributed
directly against blades 122, wherein the fuel is redirected into a swirling pattérn that

results in the desired fuel distribution pattern.

['0037]- As introduced above and shown in FIGS. 4 and 6, diffuser 110 includes a body
having ah upstream body portion or nose 120 disposed in front of a central downstream
body portion 124. Nose 120 may blend smoothly or seamlessly into the front of
downstream body portion 124 so that there are substantially no interruptions that disrupt
the flow of coal and air. Nose 120 is tapered from a small upstream end towards a
larger downstream end. Nose 120 may incorporate different shapes. In a preferrea
embodiment nose 120 is of a semi-spherical or elongated semi-spherical shape wherein
the diameter of the sphere is the widest portion of the bullet nose. In alternative
embodiments, oval, 'co,nical, pyramidal and elongated taped oval shapes may be
utilized. In the exemplary configuration depicted in the drawi'n_gs, nose 120 defines a
porti'on of a sphere having an outer diameter about one third of the inner diameter of
coal nozzle 104. In an alternative embodiment, the diameter of the bullet nozzle is
preferably between about 15 to about 20 percent of the coal nozzlediameter. '

[0038] The majority of downstream body portion 124 may be in the form of a right-

~ cylinder having an outer diameter substantially equal to the outer diameter of nose 120.
Nose 120 and downstream body portion 124 may be integrally formed. The
downstream end 140 of downstream body portion 124 may taper to a more narrow
diameter so as to not create a sharp change that would interfere with the flow of air and
fuel. The narrowed diameter of downstream end 140 may be between about 100% and

10 percent of the outer diameter of the body portion. In another configuration of diffuser

9
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110, downstream body portion 124 may be tapered itself with its upstream and
downstream ends having smaller diameters than its middle portion so that trunk 124

resembles a barrel.

(0039] A‘plurality of blades 122 extend outwardly from the body of 'diffuser 110.
Blades 122 may be disposed at an angle to the longitudinal direction of coal nozzle 104
(which is generally parallel to the flow direction of the fuel in the cold end of coal nozzle
1 04) so that a spin or swirl is imparted to the fuel as it moves throughdiffuser 110.
Blades 122 are configured to impa'rt an outwardly directed force to the coal particles so
that they move toward the inner surface of coal nozzle 104 as they move across blades
122 and after they leave diffuser 110. Blades 110 may be angled from zero to forty-five
degrees with respect to the longitudinal direction of nozzle 104 when viewed from the

- front of diffuser 110. Lesser pitch angles are believed to function well with un-staged
units, as this reduces the mixing energy with the secondary air to help reduce NOx
emissions while still creating an air rich center and fuel rich outer annulus.

[0040] Although ten blades 122 are shown in the exemplary configuration of FIG. 6,
different numbers of blades 122 may be used. Other diffuser 110 configurations may
have from four to fourteen blades 122. The number of blades 122 enables a degree of
control over pressure drop through diffuser 110 and changes the mixing energy of the
fuel with the secondary air once the coal particles leave coal nozzle 104. The number
of blades 122 and the configuration of blades 122 thus may be adapted for specific

applications and specific coal nozzle geometries and designs.

[0041] The IongitUdinaI length 150 of each blade 122 1S the di'mens'ion dispesed

generally along the flow direction. The radial'length or height 152 ofeach blade 122 is

generally in the radial direction of diffuser 110. The upstream end 154 of each blade

122 Is tapered (rounded in the exemplary configuration) and the downstream end 156 of
each blade 122 is also tapered (also rounded in the exemplary configuration). Each

- blade 122 is angled such that it defines an upstream impingement surface or,upstream

sidewall 158 that is directly impinged by the fuel flow and a downstream surface or

10
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downstream sidewall 160. The blade thickness is the distance between sidewalls 158
and 160 at any point of the blade. The thickness may be substantially constant such as
when sidewalls 158 and 160 are flat and parallel (as shown in FIG. 6) or such as when
sidewalls 158 and 160 are curved but parallellconcentric. The blade thickness may vary
when sidewalls 158 and 160 are not parallel such as when the blade is in the form of an
airfoil or a tapered thickness blade. In the exemplary configuration depicted in FIG. 6, ‘
blade sidewalls 158 and 160 are flat and parallel. Blades 122 that are spiraled in shape
along the length of downstream body portion 124 (cUrved sidewalls rather than flat) may
provide an acceleration to the coal par’ticlés through diffuser 110 thus increasing their
mixing energy with the secondary air as the coal particles leave the coal nozzle. Blades
122 in the shape of airfoils may provide a way of creating more spin while not needing

an aggressive blade angle to help requce pressure drop.

[0042] Each blade 122 ove'rlaps a portion of nose 120 such that each upstream end
154 is disposed upstream of downstream body portion 124 and downstream of the
‘upstream end of nose 120. In the exemplary configuration of diffuser 110 shown in FIG.
6, blades 122 extend about one quarter of the nose length onto nose 120. This
configuration provides that the coalbeing.moved r'adia'lly outwardly by nose 120 will
engage blades 122 while the coal is stil moving radially outwardly.' Downstream end
156 is disposed upstream of downstream end 140 of downstream body portion 124
[0043] Flow conditioner 130 in burner elbow 106 is an adjustable device with a fixed
portion 132 and a moveable portion 134. Fixed portiOn 132 of conditioner 130 is
disposed against the outer portion of elbow 106 so that the coal rope that forms against
or along the outer portion of elbow 106 is deflected out into the central portion of nozzle
104 where it collides with nose 120 of diffuser 110. Moveable portion 134 may be
moved between a 100 percent open cohﬁguration wherein it has little influence on the
flow (and induces little pressure drop) as shown in Fig 9B wherein handle 214 is rotated
to a fully open position on angle adjustment plate 217, and a 100 percent closed
configuration wherein most of the incoming flow is influenced by conditioner 130 (and a
larger pressure drop is created) as shown in Fig 9A wherein handle 214 is rotated to a
fully closed p'osition on angle adjustment plate 217. Movable portion 134 may also be

11
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selectively positioned between a 100 percent open and 100 percent closed position
wherein a securing mechanism 220 utilizes positioning orifices 230 to maintain a
desired position of the movable portion 134 of the flow conditioner 130.

[0044] Conditioner 130 thus allows the pressure drop through assembly 102 to be
adjusted. Adjusting the pressure drop through assembly 102 allows the delivery of
primary air/pulverized coal flow to be adjusted. Unlike other adjustable devices in the
coal piping, conditioner 130 is located in burner elbow 106 which is invariably
accessible for installation and adjustment, thereby also greatly reducing installation
expenses. Conditioner 130 may also be configured to readily mount into a burner elbow
. inspection port to facilitate installation. ‘

[0045] Moveable portion 134 may be a flat plate or may have a sloped or curved upper
surface as lshoWn in FIG. 5 to help keep coal dust from accumulating on top of it and
combusting. The size of portions 132 and 134 may be adjusted to allow for a greater or
reduced pressure differential between the open and closed positions of conditioner 130.

.[0046] For plants that already have adjustable orifices in their coal piping and do not
need or otherwise want adj'ustable flow capability, a stationary wedge may be used to
direct the coal rope into nose 120. The wedge may be used for both splash plate and

segmented elbow applications.

' [0047] In use, a coal rope comes off conditioner 130 and is directed toward nose 120
of diffuser 110. The coal rope fragments against nose 120 ‘substantially equally
dispersing it around nose 120 and through blades 122 thus creating an air rich center _
fuel pattern _downstreamo of diffuser 110 within coal nozzle 104. Blades 122 are set at

an angle which imparts a spin or swirling motion to the coal and air through coal nozzle
104 downstream of diffuser 110. The upstream location of diffuser 110 gives the coal
time to move into_ an established pattern before being introduced into the burner. The
spinning and swirling motion through coal nozzle 104 imparts centrifugal forces on the
coal particles forcing them to outside perimeter of the coal nozzle creating a larger air

rich center, with a fuel rich ring around the outside. Figures 7 and 8 depict a CFD

12
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(computational fluid dynamic) analysis of particle flux through coal nozzle assembly
102. Each drawing shows the fuel rich ring along the perimeter of the coal nozzle and

the air rich center at different locations along nozzle 104.

- [0048] The results of a CFD (computational fluid dynamics) analysis shown Iin FIGS. 3,
7, and 8 show that the ratio of tangential momentum to the axial momentum of the coal
particles is at least 18% higher with diffuser 110 than a prior art bladed impeller. The
distribution of fuel in an annulus around the perimeter of coal nozzle 104 is more '
defined with a Iarger air rich center than compared to that of a standard bladed impeller.

[0049] A fUrther advantage of the assembly 102 is that it also has the'ability to bias
coal flows to individual burners by way of conditioner 130 within burner elbow 106.
Adjustable condltloner 130 can be used to vary coal flow to its burner through its abillty

to adjust pressure drop across burner elbow 106.

[0050] DRB-4Z® low NOx burners have been employed eXtensiver in the utility boiler
_market and have a reputation for ruggedness and mechanical reliability. While the NOx
emissions performance of the DRB-4Z® low NOx burner in a staged unit may be '
improved by adding a prior art bladed impeller such as that 'depicted in FIG. 2,
mechanical reliability may suffer from the proximity of the bladed impeller to outlet end
.of nozzle 114. The configuration of diffuser 110 enables it to function as intended while

being located in the upstream end of coal nozzle 104. This location, which is a much
cooler environment as compared to the exit of the coal nozzle, enables constructing

diffuser 110 from ceramic materials thereby greatly extending the wear life of diffuser
- 110.

[0051] While the conical diffuser embodiment of Fig. 6 portrays the blades 122 of a
conical diffuser in a counter-clockwise configuration, it is understood that in alternative
embodiments of the present invention, blades 122 may alternatively be position in a

clockwise manner without departing from the teachings of the present invention.

13
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[0052] While illustrative embodiments have been shown and described In detail, the
invention may be embodied otherwise. The following claims should not be construed as .

" being limited to the few embodiments set forth above. '

14
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What is claimed is:

1. A coal nozzle assembly for a pulverized coal burner; the coal nozzle
assembly comprising:

a coal nozzle having an upstream inlet and a downstream outlet and a
longitudinal direction, the coal nozzle having a wall having an inner surface;

a diffuser positioned in the coal nozzle closer to the upstream inlet than the
downstream outlet, the diffuser having a body with a tapered upstream portion, the
diffuser having a plurality of blades extending outwardly from the body;

a burner elbow connected to the upstream inlet of the coal nozzle;

wherein the burner elbow defines an observation portion and the elbow
comprises a flow conditioner therein, said flow conditioner resulting in a pressure
drop in said elbow;

wherein the flow conditioner is adapted to direct a coal rope toward the

upstream portion of the diffuser.

2. The assembly of claim 1, wherein the outer surface of the tapered upstream

portion of the body of the diffuser is smoothly curved.

3. The assembly of claim 2, wherein the tapered upstream portion of the body

of the diffuser is partially spherical.

4. The assembly of claim 3, wherein the body of the diffuser has a downstream
portion and the plurality of the blades extend from both the tapered upstream

portion and the downstream portion of the body.

S. The assembly of claim 4, wherein the tapered upstream portion has a
longitudinal length and the plurality of the blades extend along at least 25 percent of

the longitudinal length of the upstream portion.

15
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0. The assembly of claim 5, wherein at least one of the blades has a tapered

upstream end.

7. The assembly of claim 1, wherein at least one of the blades has a tapered

downstream end.

8. The assembly of claim 1, wherein at least one of the blades has paraliel

upstream and downstream sidewalls.

0. The assembly of claim 8, wherein each of the sidewalls is flat.

10.  The assembly of claim 8, wherein each of the sidewalls is curved.

11. The assembly of claim 1, wherein at least one of the blades has curved

upstream and downstream sidewalls.

12. The assembly of claim 1, wherein at least one of the blades has at least one

sidewall curved away from another sidewall to define an airfolil.

13. A coal nozzle assembly for a pulverized coal burner; the coal nozzie
assembly comprising:

a coal nozzle having an upstream inlet and a downstream outlet, the coal
nozzle having a wall having an inner surface;

a burner elbow disposed upstream of the upstream inlet wherein the elbow
comprises an adjustable flow conditioner therein, the adjustable flow conditioner
resulting In a pressure drop in said elbow;

a diffuser positioned in the coal nozzle closer to the upstream inlet than the
downstream outlet, the diffuser having a body with a tapered upstream portion, the
diffuser having a plurality of angled blades extending outwardly from the body; and

the adjustable flow conditioner having a fixed portion and a moveable

portion, the fixed portion being adapted to direct a coal rope into the tapered

16
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upstream portion of the diffuser and the moveable portion being selectively movable
for rotation between 0° and 90° on an angle adjustment plate to adjust the pressure

drop across the burner elbow.

14. The assembly of claim 13, wherein the tapered upstream portion is semi-

spherical.

15. The assembly of claim 13, wherein the body of the diffuser has a
downstream portion; the plurality of the blades extending from both the tapered

upstream portion and the downstream portion of the body.

16. The assembly of claim 13, wherein the tapered upstream portion has a
longitudinal iength; the plurality of angled blades extending along at least 25 percent

of the longitudinal length of the upstream portion.

17. The assembly of claim 13, wherein at least one of the blades has a tapered

downstream end.

18. The assembly of claim 13, wherein at least one of the blades has parallel

upstream and downstream sidewalis.

19. The assembly of claim 13, wherein at least one of the blades has curved

upstream and downstream sidewalls.

20. The assembly of claim 13, wherein at least one of the blades has at least one

sidewall curved away from another sidewall to define an airfoil.

21.  The assembly of claim 1, wherein the diffuser body and blades are fabricated

from a ceramic metal;

wherein the diffuser has 8 to 14 blades:; and

17
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wherein the blades are positioned at an angle in the range of 16 to 45° with
respect to the longitudinal direction of the coal nozzle to provide each blade with an
Impingement surface such that a coal and air flow passing through the diffuser will be
swirled, wherein the swirling motion through coal nozzle imparts centrifugal forces on

the coal particles forcing them to an outside perimeter of the coal nozzle.

22. The assembly of claim 1, wherein the flow conditioner has a flat bottom and is
mounted into a burner elbow inspection port; and

wherein the flow conditioner includes a fixed portion and an adjustable portion,
the adjustable portion being selectively movable for rotation between 0° and 90° on
an angle adjustment plate with respect to the burner elbow to adjust the pressure

drop across the burner elbow and fuel flow.

23. The assembly of claim 13, wherein the diffuser has 8 to 14 blades, the blades
being angled at an angle in the range of 16 to 45° with respect to the longitudinal
direction of the coal nozzle, the blades being adapted to spin a flow of air and coal,
wherein the spinning motion through coal nozzle imparts centrifugal forces on the

coal particles forcing them to an outside perimeter of the coal nozzle.

24. The assembly of claim 13, wherein the adjustable flow conditioner has a flat

bottom and is mounted into a burner elbow inspection port.
25. The assembly of claim 13, wherein adjusting the pressure drop through the

coal nozzle assembly allows the delivery of primary air/pulverized coal flow to be

adjusted.

18
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