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FIG. 1

(57) Abrégée/Abstract:
A solid particle flow distribution controller includes an extension skirt configured to be mounted to a discharge skirt at a division
between an upstream solid particle conveyance pipe and a plurality of downstream pipes. The extension skirt includes a plurality of
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(57) Abrege(suite)/Abstract(continued):

circumferential segments. Each segment is movably mounted to the discharge skirt for movement in an upstream and downstream
direction with respect to the discharge skirt. The segments of the extension skirt are configured and adapted for motion In the
upstream and downstream direction independent of one another to extend upstream of the discharge skirt as needed to improve
solid particle distribution among the downstream pipes.
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(54) Title: COAL FLOW DISTRIBUTION CONTROLLERS FOR COAL PULVERIZERS

(57) Abstract: A solid particle flow distribution controller includes an exten-

y sion skirt configured to be mounted to a discharge skirt at a division between
an upstream solid particle conveyance pipe and a plurality of downstream
pipes. The extension skirt includes a plurality of circumierential segments.

Each segment is movably mounted to the discharge skirt for movement in an
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upstream and downstream direction with respect to the discharge skirt. The
segments of the extension skirt are configured and adapted for motion in the
upstream and downstream direction independent of one another to extend
upstream of the discharge skirt as needed to improve solid particle distribu-
tion among the downstream pipes.
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COAL FLOW DISTRIBUTION CONTROLLERS FOR COAL PULVERIZERS

This application claims priority to U.S. Provisional Patent Application No.
61/467,239 filed March 24, 2011, which is incorporated by reference herein in its
entirety.

1. Field of the Invention

The present invention relates to systems for conveying solid particles through
gas flows, and more particularly to coal pulverizer (mill) discharge piping systems

wherein coal particles are conveyed through air flows.

2. Description of Related Art

In coal combustion systems, coal and primary air (PA) flow distribution between
burner lines is important for optimizing combustion and burner performance. Low NOx
burner design usually requires that coal mass flow imbalance between coal pipes
should be within +/- 15% deviation from the mean value, or lower, to ensure burner
performance. Imbalanced coal flow between coal pipes also negatively impacts
combustion efficiency, as indicated by unburned carbon (UBC), heat rate, etc., as well
as gaseous emissions such as NOx, CO, etc. Orifices (fixed or variable) installed in the
coal pipes for PA (primary air) flow adjustment are unable to correct the coal flow
imbalance without having adverse effects on the PA flow distribution, when this
imbalance is a result of uneven coal flow discharged from an ﬁpstream classifier.

To resolve the coal flow distribution shortcomings 1n the art, there exists a
need 1n the art for a coal ﬂéw distribution system that provides a tool to correct
particle flow distribution between coal pipes. There also remains a need in the art for
such a system that has little or no negative impact on PA flow distribution between

coal pipes. The present invention provides a solution for these problems.
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The subject invention is directed to a new and useful solid particle flow
distribution controller. The solid particle distribution controller includes an extension
skirt configured to be mounted to a discharge skirt at a division between an upstream
solid particle conveyance pipe and a plurality of downstream pipes. The extension
skirt includes a plurality of circumferential segments. Each segment is movably
mounted to the discharge skirt for movement 1n an upstream and downstream
direction with respect to the discharge skirt. The segments of the extension skirt are
configured and adapted for motion in the upstream and downstream direction
independent of one another to extend upstream of the discharge skirt as needed to
improve solid particle distribution among the downstream pipes.

In accordance with certain embodiments, the circumferential segments are
mounted inside the discharge skirt so when moved into a downstream position the
circumferential segments are radially inward of the discharge skirt. The
circumferential segments can be mounted to the discharge skirt by way of tracks
configured to guide movement of the circumferential segments. Each circumferential
segment can be operatively connected to an actuator for moving the circumferential
segment. Any suitable type of actuator or actuators can be used, such as manual
actuators, electrical actuators, pneumatic actuators, or hydraulic actuators, tor
example.

In certain embodiments, the solid particle distribution controller 1s configured
to be a coal flow distribution controller for a coal pulverizer system. A coal classifier
is included having an inlet and a discharge skirt having a plurality of outlets. The
discharge skirt has an interior optionally divided into a plurality of circumferentially

segmented chambers by a set of partition plates mounted within the discharge skirt for
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dividing flow from the inlet to a plurality of outlet pipes downstream of the coal
classifier. The distribution or extension skirt 1s mounted proximate an upstream
portion of the discharge skirt, substantially concentric therewith. The segments of the
extension skirt are configured and adapted for motion in the upstream and
downstream direction independent of one another to extend upstream of the discharge
skirt as needed to improve coal particle distribution between the chambers of the
discharge skirt. A feed pipe can extend through the coal classifier along a centerline
thereof. A center pipe can be mounted within the classifier for control of an
adjustable return baffle for prevention of reverse air flow through the classitier or re-
entrainment of coarse particles.

The invention also provides a method of controlling solid particle flow 1n each
pipe of a solid particle piping system. The method includes adjusting one or more
positions of the segments of a solid particle flow distribution controller as described
above to change solid particle flow and mass flow distribution among a plurality of
downstream pipes. The method can improve coal particle distribution with little or no
negative effect on PA (primary air) flow.

In certain embodiments, the solid particle piping system is a coal piping
system, wherein the downstream pipes are burner pipes operatively associated with a
plurality of coal burners. It is also contemplated that the method can include moving
one or more of the segments to a position to optimize air-to-coal ratios in individual
burners, and/or to a position shifting fuel distribution to control steam temperature
and/or boiler surface metal temperature in regions of a furnace. The method can also
include moving the segments to a position shifting fuel distribution to decrease fuel
flow to oxygen-starved regions of a furnace to reduce carbon monoxide emissions.

Adjusting one or more positions of the segments can include controlling overall
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burner air-to-coal ratio for the burners, controlling flyash unburned carbon, and/or
controlling loss on ignition. The positions of the segments can be adjusted with a coal
classifier off line, or on line supplying coal to the burner pipes. Air flow distribution

among the burner pipes can be controlled using external orifices 1n fluid

communication with the burner pipes. Air or a gas other than air can be used to

convey coal particles through the solid particle flow distribution controller.

The invention also provides a method of retrofitting a solid particle classifier.
The method includes installing a plurality of circumferential skirt segments proximate
a discharge skirt in a solid particle classifier. The skirt segments are configured as
described above. Installing a plurality of circumferential skirt segments can include
replacing a portion of the classifier. Replacing a portion of the classifier can include
replacing a discharge turret of the classifier. Installing a plurality of circumferential
skirt segments can include installing components in the classifier through one or more
openings such as doors, slots, pipe openings, or the like.

These and other features of the systems and methods of the subject invention
will become more readily apparent to those skilled in the art from the following
detailed description of the preferred embodiments taken in conjunction with the

drawings.
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So that those skilled in the art to which the subject invention appertains will
readily understand how to make and use the devices and methods of the subject
invention without undue experimentation, preferred embodiments thereof will be
described in detail herein below with reference to certain figures, wherein:

Fig. 1 1s a cut away perspective view of an exemplary embodiment of a
classifier constructed in accordance with the present invention, showing adjustable
extension skirt segments extending in an upstream direction from the discharge skirt;

Fig. 2 1s a perspectiVe view of a portion of the classifier of Fig. 1, showing
five of the six extension skirt segments extended in the upstream direction from the
discharge skirt, with the remaining extension skirt segment withdrawn into the
discharge skirt; and

Fig. 3 is a plan view of the classifier of Fig. 1, showing the outlets of the

classifier viewed from above as oriented 1n Fig. 1.
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Reference will now be made to the drawings wherein like reference numerals
identify similar structural features or aspects of the subject invention. For purposes of
explanation and illustration, and not lz@mitation, a partial view of an exemplary

5 embodiment of a classifier in accordance with the invention is shown in Fig. 1 and is
designated generally by reference character 1. Other embodiments of classifiers in
accordance with the invention, or aspects thereof, are provided in Figs. 2-3, as will be
described. The systems and methods of the invention can be used, for example, on
centrifugal type static classifiers to correct coal flow distribution with little or no

10  negative impact on PA (primary air) flow distribution.

Classifier 1 provides for solid particle separation and flow correction in a solid
particle conveyance system. Classifier 1 1s shown by way of example as a coal
particle classifier for classification of coal particles by removal of oversized particles
and distribution of fine particles into multiple discharge pipes which 1n turn convey

15  particles to burners in a multiple burner system. However, those skilled in the art will
readily appreciate that any type of solid particle flow system can be used without
departing from the spirit and scope of the invention. For example, the solid particle
flow correction methods and devices described herein can readily be applied to non-
coal substances such as limestone, cement, flyash, coke, and the like. Classifier 1 can

20  be either static or dynamic, internal or external to the pulverizer, or can be a stand
alone classifier.

For mill systems equipped with a classifier in accordance with classifier 1, the
pulverized coal is discharged from classifier 1, via coal pipes 2, to a furnace
downstream. Coal pipes 2 are connected to the top of classifier 1 (as oriented in Fig.

25 1). Within classifier 1, there is discharge turret and discharge skirt 3. Discharge skart
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3 is equally divided into individual chambers by partition plates 4. There are three
coal pipes 2 and three chambers in discharge skirt 3 defined by partition plates 4,
however any Suitab1§: number of coal pipes, chambers, and partition plates can be used
without departing from the spirit and scope of the invention. The number of
chambers is equal to the number of coal pipes 2 from classifier 1. Each chamber 1s
connected to a respective one of the individual coal pipes 2.

There is an extension skirt 5 connected to discharge skirt 3 concentrically.
Extension skirt 5 is made with six circumferential segments 7. There are two
segments 7 corresponding to each chamber of skirt 3. However, it is contemplated
that there can be any suitable number of segments, sﬁch és one or more times of the
number of chambers within the discharge skirt. Having multiple segments 7 for each
chamber provides more flexibility and sensitivity for adjusting particle distribution
than having a single segment per chamber. Each of the segments 7 of extension skirt
5 can move upward and downward individually along the discharge skirt wall, as
oriented in Fig. 1, or in other words downstream and upstream, respectively.
Segments 7 of extension skirt 5 can be positioned individually at different elevation
levels to achieve optimum coal flow distribution between the partitioned chambers
and between the coal pipes 2. Although all segments 7 of extension skirt 5 are
configured to be identical, it is also contemplated that the configuration, number and
size (width and height), and shape can be different and non-identical, based on
applicatidn requirements, to control coal flow more effectively and flexibly into the
chambers.

In order to move segments 7 of extension skirt 5 up and down smoothly and
concentrically with discharge skirt 3, there are tracks 6 on the each side of each of the

extension skirt segments 7. Tracks 6 are attached on the inner surface of discharge
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skirt 3. Tracks 6 are optional, but are advantageous because they help guide the skirt
segments 7 vertically and restrain them in the radial and circumferential directions.
The extension skirt segments 7 can be moved individually manually or by hydraulics,
mechanical actuators, or any other suitable type of actuator or method. An indicator
of level position, such as a displacement sensor or the like, can be used for controlling
the position of each segment 7. Figs. 1 and 3 show control rods 8, each of which is
mounted to a separate segment 7. Rods 8 extend outside of classifier 1, and can be
manipulated manually, or can be connected to an actuator as described above to move
individual segments 7. The motion of some of the rods 8 and segments 7 1s indicated
by the double pointed arrows in Fig. 1.

With reference now to Fig. 2, classifier 1 is shown with the inner and outer
cones 9 and 10, shown in Fig. 1, removed to show extension skirt 5. For any given
system, the positions of segments 7 can be adjusted individually to improve particle
distribution among the downstream pipes. These positions of segments 7 can be
determined by computer and/or physical modeling for a given application, and/or by
using measurements. The position of each segment 7 neéded to improve coal
distribution can be predicted through use of computational modeling techniques on an
application to application basis. Manual or on-line measurements of coal particle
distribution, unburned carbon (UBC), heat rate and/or gaseous emissions (NOx, CO,
etc.) can also be used as a basis for adjusting the position of segments 7. Fig. 2 shows
each of the six segments 7 positioned at a different elevation from the other segments
7, including one segment withdrawn into discharge skirt 3.

Adjusting one or more positions of segments of a solid particle flow
distribution controller as described above to change solid particle flow distribution

among a plurality of downstream pipes can improve coal particle distribution with
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little or no negative effect on PA flow. If the solid particle piping system is a coal
piping system, as described in the exemplary embodiments above, the downstream
pipes can be burner pipes operatively associated with a plurality of separate coal
burners. Moving one or more of the segments to a proper position allows for
optimizatioh of air-to-coal ratios in individual burners, and/or shifting fuel
distribution to control steam temperature and/or metal temperature of a boiler surface

in a boiler. Segments can also be moved to shift fuel distribution, for example to

decrease fuel flow to oxygen-starved regions of a furnace to reduce carbon monoxide
emissions. Adjusting one or more positions of the segments can also be done to
control overall burner 'air-.-to-coal ratio for the burners. The positions of the segments
can be adjusted whether the coal classifier is off line or on line supplying coal to the
burner pipes. Air flow distribution among the burner pipes can be controlled using
external orifices in fluid communication with the burner pipes. Air or an other
suitable gas can be used to convey coal particles through the solid particle flow
distribution controller.

A traditional solid particle classifier can be retrofitted to include an extension
skirt as described above. This includes installing a plurality of circumferential skirt
segments as described above proximate a discharge skirt in a solid particle classifier.
This can include replacing portions of the existing classifier such as a discharge turret,
and With a discharge turret including an extension skirt as described above. This
replacement discharge turret can be a pre-fabricated unit, for example, that 1s simply
installed after removal of a traditional turret. It 1s also contemplated that components
such as the skirt segments can be installed into the classifier through one or more
openings such as doors, slots, pipe openings, or the like, without removing the

existing turret.
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While described above in the exemplary context of having two se gmenté 7 per
chamber, those skilled in the art will readily appreciate that the number of segments
can be less than, greater than, or equal to the number of chambers as appropriate for
given applications. It 1s also contemplated that the devices and methods described
herein can be used in conjunction with additional flow distribution devices internal to
or external of the classifier for fine tuning adjustments of the classifier to further
enhance coal balance and/or distribution. The control of the segment positions can be
accomplished using software, neural net, distributed control systems (DCS), or the
like for automated combustion control optimization.

If used with a classifier as described above, the classifier can be external to a
pulverizer, internal to a pulverizer, such as within a vertical spindle mill, or can be
completely separate, 1.e., not connected to a pulverizer at all. The classifier can
optionally have a coal feed pipe extending through the centerline, such as 1f used in
conjunction with any of the vertical roller, ball race, or bowl mill type vertical spindle
pulverizer. The classifier can optionally have a center pipe for control of an inverted
cone, €.g., adjustable return baffle 11 of Fig. 1, for use 1n preventing reverse air tlow
through the classifier or re-entrainment of coarse particles. Optionally, the classitier
can have nothing in the center, such as in side feed type systems.

The components described herein can advantageously be fabricated ot wear
resistant material suitable for erosive and/or abrasive environments. The segments
described above are shown mounted inside the discharge skirt 3, however, it 1s also
contemplated that they can be installed outside discharge skirt 3, or the adjustable
segments 7 could be used in place of discharge skirt 3, without départing from the

spirit and scope of the invention.

10
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The methods and systems described above have been shown and described 1n
the exemplary context of coal piping systems. Those skilled in the art will readily
appreciate that this is exemplary, and that the systems and methods of the invention
can be applied in any suitable systems conveying particles through fluids, which
benefit from uniform distribution between multiple discharge outlets such as in flow
splitters. It 1s also contemplated that the partition plates described above are optional,
and that optionally these can be shortened or removed without deparfing from the
spirit and scope of the invention. Moreover, it is also contemplated that the invention
can be practiced on new systems, such as new classifiers, as well as on existing
systems as in retrofitting existing classifiers, without departing from the spirit and
scope of the mvention.

' The methods and systems of the present invention, as described above and
shown in the drawings, provide for classifiers with superior properties including
improved particle and PA distribution between downstream pipes. While the
apparatus and methods of the subject invention have been shown and described with
reference to preferred embodiments, those skilled in the art will readily appreciate that
changes and/or modifications may be made thereto without departing from the spirit

and scope of the subject invention.

11
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1. A solid particle flow distribution controller comprising:

an extension skirt configured to be mounted to a discharge skirt at a division
between an upstream solid particle conveyance pipe and a plurality of downstream
pipes, the extension skirt including a plurality of circumferential segments, each
segment movably mounted to the discharge skirt for movement in an upstream and
downstream direction with respect to the discharge skirt, wherein the segments of the
extension skirt are configured and adapted for motion in the upstream and
downstream direction independent of one another to extend upstream of the discharge

skirt as needed to improve solid particle distribution among the downstream pipes.

2. A solid particle flow distribution controller as recited in claim 1, wherein the
circumferential segments are mounted inside the discharge skirt so when moved 1nto a
downstream position the circumferential segments are radially inward of the discharge

skirt.

3. A solid particle flow distribution controller as recited in claim 1, wherein the
circumferential segments are mounted to the discharge skirt by way of tracks

configured to guide movement of the circumferential segments.

4. A solid particle flow distribution controller as recited in claim 1, wherein each
circumferential segment is operatively connected to an actuator for moving the
circumferential segment, wherein the actuator is selected from the group consisting ot
a manual actuator, an electrical actuator, a pneumatic actuator, and a hydraulic

actuator.

12
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5. A solid particle flow distribution controller as recited in claim 1, further
comprising:

a coal classifier having an inlet and a discharge skirt having a plurality of
outlets, wherein the extension skirt is mounted proximate an upstream portion of the
discharge skirt, substantially concentric therewith, wherein the segments of the
extension skirt are configured and adapted for motion in the upstream and
downstream direction independent of one another to extend upstream of the discharge
skirt as needed to improve coal particle distribution between the outlets of the

discharge skirt.

6. A solid particle flow distribution controller as recited in claim 5, wherein the
discharge skirt has an interior divided into a plurality of circumferentially segmented
chambers by a set of partition plates mounted within the discharge skirt for dividing
flow from the inlet to a plurality of outlet pipes downstream of the coal classifier,
wherein the segments of the extension skirt are configured and adapted for motion in
the upstream and downstream direction independent of one another to extend
upstream of the discharge skirt as needed to improve coal particle distribution

between the chambers of the discharge skirt.

7. A solid particle flow distribution controller as recited in claim 5, further

comprising a feed pipe extending through the coal classifier along a centerline thereof.

13
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8. A solid particle flow distribution controller as recited in claim 5, turther

comprising a center pipe mounted within the classifier for control of an adjustable

return baffle for prevention of reverse air flow through the classifier or re-entrainment

of coarse particles.

5 9. A method of controlling solid particle flow in each pipe of a solid particle

piping system, the method comprising adjusting one or more positions of the

segments of a solid particle flow distribution controller as recited in Claim 1 to

change solid particle flow and mass flow distribution among a plurality ot

downstream pipes.

10

10. A method of controlling solid particle flow as recited in claim 9, wherein the '
solid particle piping system is a coal piping system, wherein the downstream pipes are

burner pipes operatively associated with a plurality of coal burners.

15 11. A method of controlling solid particle flow as recited in claim 10, further

comprising moving one or more of the segments to a position to optimize air-to-coal

ratios in individual burners.

12. A method of controlling solid particle flow as recited in claim 10, further

20  comprising moving one or more of the segments to a position shifting fuel distribution

to control temperatures 1n a boiler.

13. A method of controlling solid particle flow as recited in claim 10, further

comprising moving the segments to a position shifting fuel distribution to decrease

14
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fuel flow to oxygen-starved regions of a furnace to reduce carbon monoxide

emissions.

14. A method of controlling solid particle flow as recited in claim 10, further
comprising adjusting one or more positions of the segments with a coal classifier on

line supplying coal to the burner pipes.

15. A method of controlling solid particle flow as recited in claim 10, further
comprising controlling air flow distribution among the burner pipes using external

orifices in fluid communication with the burner pipes.

16. A method of controlling solid particle flow as recited in claim 10, wherein
adjusting one or more positions of the segments includes controlling at least one of

overall burner air-to-coal ratio for the burners, flyash unburned carbon, and loss on

1gnition.

17. A method of controlling solid particle flow as recited in claim 9, further
comprising conveying coal particles through the solid particle flow distribution

controller using a gas other than air.

18. A method of retrofitting a solid particle classifier comprising installing a
plurality of circumferential skirt segments proximate a discharge skirt in a solid
particle classifier, wherein the skirt segments are configured and adapted for motion

in an upstream and downstream direction independent of one another relative to the

15
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discharge skirt to extend upstream as needed to improve solid particle distribution

between outlets of the discharge skirt.

19. A method of retrofitting as recited in claim 18, wherein installing a plurality of

circumferential skirt segments includes replacing a portion of the classifier.

20. A method of retrofitting as recited in claim 19, wherein replacing a portion of

the classifier includes replacing a discharge turret of the classifier.

21. A method of retrofitting as recited in claim 18, wherein installing a plurality ot
circumferential skirt segments includes installing components in the classifier through
one or more openings selected from the group consisting of a door, a slot, and a pipe

opening.
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