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fier includes a rotor having a direction of rotation defined by a rotational
axis of the rotor, and a plurality of blades disposed on the rotor around the
rotational axis. At least one blade of the plurality has a swept orientation in
the direction of rotation. The at least one blade is arranged to contact and
direct the particles away from the classifier and thereby restrict the particles
from concentrating in areas adjacent to the classifier.
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A CLASSIFIER AND METHOD FOR SEPARATING PARTICLES

BACKGROUND
TECHNICAL FIELD

[0001] Embodiments of the invention relate generally to separating particles,

and more specifically, to a classifier and method for separating particles.

DISCUSSION OF ART

[0002] Pulverizer mills are devices that grind a material up into particles. For
example, many pulverizer mills grind solid fuels, e.g., coal, prior to combustion of
the fuels in a boiler of a power plant. Many such pulverizer mills grind solid fuels
via grinding rollers that crush the fuels against a hard rotating concave surface
known as a “bowl.” The grinding rollers are attached to journal assemblies via
bearings which allow the grinding rollers to rotate. The journal assemblies also
apply a downward force to the grinding rollers. When a solid fuel is placed into the
bowl, the rotation of the bowl causes the solid fuel to move under the grinding
rollers, which in turn causes the grinding rollers to rotate in place. Due to the
downward force applied by the journal assemblies, the solid fuel is crushed /

pulverized by the grinding rollers.

[0003] The pulverized fuel is then forced through a classifier which allows
fine particles, i.e., particles that are at or below a maximum particle size, to flow out
of the pulverizer mill, and restricts coarse particles, i.e., particles that are above the
maximum particle size, from leaving the pulverizer mill. The maximum size of
particles allowed to flow/pass through a classifier is known as the “fineness grade”
of the classifier, wherein a “high fineness grade” has a maximum particle size that is
smaller than a “low fineness grade.” In other words, the fineness grade of a
classifier is a controlled distribution of the particles sizes allowed to flow out of the

pulverizer mill.
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[0004] Many pulverizers include “dynamic classifiers” which utilize rotating
rotors having blades to facilitate separation of fine particles from coarse particles.
The blades of such rotors are typically flat and/or vertically aligned with the
rotational axis of the rotor. As such, the blades of many dynamic classifiers usually
deflect coarse particles outward from the classifier along a horizontal plane such that
the deflected coarse particles have no direct return path back to the bowl. As such,
the deflected particles often interact with other particles of the pulverized fuel to
form swirls/turbulence, i.e., a dense concentration of particles in the upper regions of
the encompassing pulverizer mill. Such swirls, however, often result in wear, e.g.,
corrosion, erosion, abrasion, and/or other forms of damage, to the classifier and/or
other components of the pulverizer mill, which is costly and time consuming to
repair. Such swirls may also reduce the performance of the pulverizer mill by
increasing the pressure drop across the dynamic classifier, and/or impeding the
ability of particles deflected by the dynamic classifier to return back to the bowl so
that they can be ground to a size compliant with the finesse grade of the dynamic

classifier.

[0005] Moreover, the blades of many dynamic classifiers do not provide for
adequate regulation and/or adjustment of the amount/rate of fine particles allowed

to pass through the classifier.

[0006] What is needed, therefore, is an improved system and method for

separating particles.

BRIEF DESCRIPTION

[0007] In an embodiment, a classifier for separating particles is provided. The
classifier includes a rotor having a direction of rotation defined by a rotational axis
of the rotor, and a plurality of blades disposed on the rotor around the rotational
axis. At least one blade of the plurality has a swept orientation in the direction of

rotation. The at least one blade is arranged to contact and direct the particles away
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from the classifier and thereby restrict the particles from concentrating in areas

adjacent to the classifier.

[0008] In another embodiment, a method for separating particles is provided.
The method includes: forcing the particles against an upstream side of a classifier
that includes a rotor and a plurality of blades disposed on the rotor around a
rotational axis of the rotor that defines a direction of rotation of the rotor; rotating
the rotor in the direction of rotation such that a first stream of the particles flows
between the plurality of blades from the upstream side to a downstream side of the
classifier, and such that a second stream of the particles is restricted from flowing
between the plurality of blades from the upstream side to the downstream side; and
restricting the particles from concentrating in areas adjacent to the classifier via
contacting the particles with at least one blade of the plurality that has a swept
orientation in the direction of rotation that directs the particles away from the

classifier.

[0009] In yet another embodiment, a pulverizer mill is provided. The
pulverizer mill includes a classifier that includes a rotor having a direction of
rotation defined by a rotational axis of the rotor. The classifier further includes a
plurality of blades disposed on the rotor around the rotational axis. At least one
blade of the plurality has a swept orientation in the direction of rotation. The at least
one blade is arranged to contact and direct the particles away from the classifier and

thereby restrict the particles from concentrating in areas adjacent to the classifier.

DRAWINGS

[0010] The present invention will be better understood from reading the
following description of non-limiting embodiments, with reference to the attached
drawings, wherein below:

[0011] FIG. 1 is a perspective view of a pulverizer mill that includes a

classifier in accordance with an embodiment of the present invention;
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[0012] FIG. 2 is a perspective view of the classifier of FIG. 1;

[0013] FIG. 3 is a schematic diagram of a side profile of the classifier of FIG. 1;
[0014] FIG. 4 is a schematic diagram of a top profile of the classifier of FIG. 1;
[0015] FIG. 5 is another schematic diagram of the top profile of the classifier of

FIG. 1, wherein the classifier has a blade having an angled shape in accordance with
an embodiment of the present invention;

[0016] FIG. 6 is another schematic diagram of the top profile of the classifier of
FIG. 1, wherein the classifier has a blade having a curved shape in accordance with
an embodiment of the present invention;

[0017] FIG. 7 is another schematic diagram of the top profile of the classifier of
FIG. 1, wherein the classifier has a blade with an adjustable pitch in accordance with

an embodiment of the present invention;

[0018] FIG. 8 is another schematic diagram of the top profile of the classifier of
FIG. 7;

[0019] FIG. 9 is another schematic diagram of the top profile of the classifier of
FIG. 7;

[0020] FIG. 10 is a schematic diagram of a blade of the classifier of FIG. 1,

wherein the blade has a conical shaped outer profile in accordance with an
embodiment of the present invention;

[0021] FIG. 11 is another schematic diagram of a blade of the classifier of FIG.
1, wherein the blade has a semi-cylindrical shaped outer profile in accordance with
an embodiment of the present invention;

[0022] FIG. 12 is another schematic diagram of a blade of the classifier of FIG.
1, wherein the blade has a concaved shaped outer profile in accordance with an

embodiment of the present invention;
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[0023] FIG. 13 is another schematic diagram of a blade of the classifier of FIG.
1, wherein the blade has a rectangular shaped outer profile in accordance with an

embodiment of the present invention;

[0024] FIG. 14 is another schematic diagram of a blade of the classifier of FIG.
1, wherein the blade has a bell shaped outer profile in accordance with an

embodiment of the present invention;

[0025] FIG. 15 is another schematic diagram of a blade of the classifier of FIG.
1, wherein the blade has a cup shaped outer profile in accordance with an

embodiment of the present invention;

[0026] FIG. 16 is another perspective view of the pulverizer mill of FIG. 1,
wherein the pulverizer mill includes a classifier in accordance with another

embodiment of the present invention; and

[0027] FIG. 17 is a schematic diagram of a tube mill that includes a classifier in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0028] Reference will be made below in detail to exemplary embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference characters used throughout the drawings

refer to the same or like parts, without duplicative description.

[0029] As used herein, the terms “substantially,” “generally,” and “about”
indicate conditions within reasonably achievable manufacturing and assembly
tolerances, relative to ideal desired conditions suitable for achieving the functional
purpose of a component or assembly. The term “real-time,” as used herein, means a
level of processing responsiveness that a user senses as sufficiently immediate or
that enables the processor to keep up with an external process. As used herein,
“electrically coupled,” “electrically connected,” and “electrical communication”

mean that the referenced elements are directly or indirectly connected such that an
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electrical current, or other communication medium, may flow from one to the other.
The connection may include a direct conductive connection, i.e., without an
intervening capacitive, inductive or active element, an inductive connection, a
capacitive connection, and/or any other suitable electrical connection. Intervening
components may be present. As also used herein, the term “fluidly connected”
means that the referenced elements are connected such that a fluid (to include a
liquid, gas, and/or plasma) may flow from one to the other. Accordingly, the terms
“upstream” and “downstream,” as used herein, describe the position of the
referenced elements with respect to a flow path of a fluid and/or gas flowing
between and/or near the referenced elements. Further, the term “stream,” as used
herein with respect to particles, means a continuous or near continuous flow of
particles. As also used herein, the term “heating contact” means that the referenced
objects are in proximity of one another such that heat/thermal energy can transfer

between them.

[0030] Additionally, while the embodiments disclosed herein are primarily
described with respect to pulverizer mills for solid fuel-based power plants, e.g.,
coal-based power plants, it is to be understood that embodiments of the present
invention may be applicable to any apparatus and/or method that benefits from the

separation of particles, e.g., vertical spindle industrial mills.

[0031] Referring now to FIG. 1, a pulverizer mill 10 that includes a classifier 12
in accordance with embodiments of the present invention is shown. As shown in
FIG. 1, the pulverizer mill 10 further includes a housing 14, a fuel inlet duct 16, one
or more fuel outlet ducts 18, a rotating bowl 20 supported by a shaft or hub 22
turned by a motor (not shown), one or more air inlet ducts 24, at least one journal
assembly 26, and a controller 28 that includes at least one processor/CPU 30 and a
memory device 32. The housing 14 contains the classifier 12, bowl 20, and the
journal assembly 26. The fuel inlet duct/pipe 16, the fuel outlet ducts 18, and the air

inlet ducts 24 penetrate the housing 14 as shown in FIG. 1. The journal assembly 26
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is mounted to the interior of the housing 20 and includes a grinding roller 34 that is

configured to grind a solid fuel, e.g., coal, against the rotating bowl 20.

[0032] In embodiments, the solid fuel is deposited into the rotating bowl 20
via the fuel inlet duct 16. As the bowl 20 rotates, the solid fuel is forced under the
grinding roller 34 such that a biasing force provided by a biasing component (not
shown) of the journal assembly 26 enables the grinding roller 34 to crush/pulverize
the solid fuel against the bowl 20. The air inlet duct 24 blows forced air up through
the housing 14 such that pulverized fuel is forced against an upstream side 36 of the
classifier 12 which allows fine particles to pass through to a downstream side 38 of
the classifier 12. The upstream side 36 of the classifier 12 is the side of the classifier
12 that is exposed to the interior of the housing 14 and the downstream side 38 of the
classifier is the side of the classifier 12 that is exposed and/or fluidly connected to the
tuel outlet ducts 18. Thus, as will be appreciated, the classifier 12 allows a stream of
fine particles to flow from the upstream side 36 to the downstream side 38 and into
the outlet ducts 18 for subsequent consumption/combustion by a boiler (not shown),
while restricting the flow/stream of coarse particles from the upstream side 36 to the
downstream side 38. As will be understood, the flow of the particles within the
housing is represented by the shading within FIG. 1 wherein the dark and light
regions represent high and low concentrations/densities of particles, respectively,

within the housing 14.

[0033] Turning now to FIGS. 2-4, in embodiments, the classifier 12 includes a
rotor 40 having a rotational axis 42, and a plurality of blades 44 disposed/arranged
on the rotor 40 around the rotational axis 42. The rotor 40 may rotate about the
rotational axis 42 at speeds between 20 and 200 rotations / minute (“RPM”) such that
the blades 44 facilitate separation of the particles, i.e., the blades 44 use a
combination of aerodynamic and physical deflection/contacting forces to separate
coarse particles away from the classifier 12 while allowing fine particles to pass

through. As will be understood, however, in embodiments, unlike conventional air
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fan blades which rely on aerodynamic forces to move objects, the primary force
preventing/restricting the particles from passing through the classifier 12, i.e.,
between the plurality of blades 44, is the physical deflection of the particles via
contacting the blades 44, as opposed to the aerodynamic forces generated by the

blades 44.

[0034] In embodiments, the classifier 12 may further have one or more
support rings 46 and 48 that provide structural support to the blades 44. The rotor
40 has a radius 50, which in embodiments, may be smaller than the radiuses 52 and
54 of the support rings 46 and 48, i.e., the shape of the classifier 12 may be tapered
from the support rings 48 and 46 to the rotor 40 such that the blades 44 are angled
outward from the rotational axis 42 as shown in FIG. 2. In embodiments, radius 50
may be between about 20 inches to 180 inches, radius 52 may be between about 21

inches to 220 inches, and radius 54 may be between about 22 inches to 240 inches.

[0035] As will be appreciated, at least one of the blades 56 of the plurality 44
has a particle control feature. As used herein, the term “particle control feature”
refers to a feature operative to direct the movement of the particles so as to restrict
the particles from concentrating in areas adjacent to the classifier, i.e., restrict and/or
reduce the formation of swirls near the classifier 12. In particular, the particle
control features described herein provide for control over the movement of particles,
e.g., the pulverized fuel/coal, for the purposes of: preventing wear, i.e., corrosion,
erosion, and/or abrasion; adjusting the fineness grade of the classifier 12; and/or
controlling/adjusting the flow rate of fine particles across the classifier 12.
Additionally, the particle control features described herein may also provide for
control over the amount of tangential energy and/or downward vertical energy, e.g.,
centripetal force, imparted on the particles by the blade 56. Further, as will be
understood, the blade 56 may include one or more of the particle control features

disclosed herein.
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[0036] Accordingly, the blade 56 may include a leading surface 58 and a
trailing surface 60 (best seen in FIG. 3) that define an interior edge 62 and an exterior
edge 64 (best seen in FIG. 4), as well as a top edge 66 and a bottom edge 68 (best seen
in FIG. 3). The leading surface 58 is the side of the blade 56 that faces the direction of
rotation, i.e., the leading surface 58 is the part of the blade 56 that typically first
contacts the particles of pulverized fuel as the blade 56 moves in a direction of
rotation (indicted by arrow 70) around the rotational axis 42. The trailing surface 60
is the part of the blade 56 that trails the leading surface 58 as the blade 56 moves
around rotational axis 42. The interior 62 and exterior 64 edges are the sides of the
blade 56 that face towards and away from the rotational axis 42, respectively. The
top 66 and bottom 68 edges are the sides of the blade 56 that are closest/adjacent to
the downstream 38 and upstream 36 sides of the classifier 12, respectively. In
embodiments, the blade 56 may be flat, e.g., the distance between the leading surface

58 and the trailing surface 60 is small, e.g., about .125 of an inch to 1 inch.

[0037] As will be appreciated, while embodiments herein depict the direction
of rotation 70 as being in the clockwise direction about the rotational axis 42, it is to
be appreciated that the direction of rotation may also be in the counterclockwise

direction about the rotational axis 42.

[0038] Accordingly, and as shown in FIGS. 2-4, in embodiments, the particle
control feature may be a swept orientation of the blade 56 in a direction of rotation
70 about the rotational axis 42, i.e., the rotor 40 has a direction of rotation 70 defined
by the rotational axis 42. The term “swept” as used herein with respect to the
orientation of the blade 56, means that the leading surface 58 is angled, i.e., not
perpendicular, with respect the direction of rotation 70. For example, in
embodiments, the blade 56 may be disposed/arranged at an angle J with respect to
the rotational axis 42 such that the top edge 66 leads the bottom edge 68 as the blade
56 moves in the direction of rotation 70, i.e., the top edge 66 is swept forward of the

bottom edge 68 such that the leading surface 58 is angled down, i.e., towards/facing



WO 2018/099998 PCT/EP2017/080868

the upstream side 36 of the classifier 12. In embodiments J may be between about
5° to 80°.

[0039] As will be appreciated, in embodiments, the leading surface 58 may
deflect coarse particles down and towards the bowl 20 where they may be further
processed/pulverized/ground, which in turn, may prevent/restrict swirls from
developing in the upper regions of the housing 14. As will be understood, while the
embodiments shown in the accompanying figures depict the blade 56 swept such
that the leading surface 58 is angled down, in embodiments, the blade 56 may be
swept such that the leading surface 58 is angled up, i.e., towards the downstream
side 38 of the classifier 12 such that bottom edge 68 leads the top edge 66 as the blade

56 moves around the rotational axis 42.

[0040] As illustrated in FIGS. 5 and 6, in embodiments, the particle control
feature may be a shaped leading surface 58, i.e., a shape of the leading surface 58 of
the blade 56. For example, the leading surface 58 may have an angled shape (FIG. 5),
e.g., the leading 58 and/or trailing 60 surfaces of the blade 56 may be bent. In such
embodiments, the degree of bending may be between about 10° to 150°. In other
embodiments, the blade 56 may have a curved shape (FIG. 6), e.g., the leading 58
and/or trailing 60 surfaces of the blade 56 may have a smooth curve, as opposed to a
sharp bend. In such embodiments, the curve may have a radius of between about
0.25 inches and 20 inches. As will be appreciated, the shapes of the leading surface
58 disclosed herein reduce the amount of kinetic energy, in a direction perpendicular
to the rotational axis 42, transferred from the blade 56 to particles contacted by the
leading surface 58. As such, the shapes of the leading surface 58 disclosed herein
facilitate movement of the particles towards the bowl 20, as opposed towards

promoting movement of the particles horizontally out towards the housing 14.

[0041] Moving now to FIGS. 7-9, in embodiments, the particle control feature
may be an adjustable pitch of the blade 56. As used herein, the pitch of the blade 56

refers to the angle P made by a line 72, that extends through the interior 62 and

10
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exterior 64 edges of the blade 56 (best seen in FIG. 4), with a line 74, that extends
through the rotational axis 42 and the blade 56. As will be appreciated, the pitch of
the blade 56 effects the angle of attack of the blade 56 with respect to the air currents
flowing over the blade 56 as the rotor 40 rotates. Accordingly, the pitch of the blade
56 may be adjusted by rotating the blade 56 in place with respect to the rotor 40 via
one or more actuators, e.g., electrical motors, rods, gears, hydraulics, pneumatics,
and/or other appropriate means of adjustment. As will be appreciated, in
embodiments, adjusting the pitch of the blade 56 may provide for control over the
tineness grade of the classifier 12 and/or additionally optimize the pressure drop
across the classifier, which in turn may optimize the amount of power required to

drive/rotate/motor the classifier 12.

[0042] For example, when the pitch of the blade 56 is small, e.g., 2.5°, the size
of an opening/space 76 between the blade 56 and an adjacent blade 78 may be large,
e.g., between about 0.5 inches to 20 inches, and the maximum size of particles
allowed to pass through the classifier is large e.g., 10% of residual particles retained
on 50 mesh. In other words, a small pitch may result in a low fineness grade.
Conversely, when the pitch of the blade 56 is large, e.g., 80°, the size the opening 76
between the blade 56 and the adjacent blade 78 may be small, e.g., between about
0.25 inches to 15 inches, and the maximum size of particles allowed to pass through
the classifier is small, e.g., 0% of residual particles retained on 50 mesh. In other
words, a large pitch may result in a high fineness grade. Accordingly, in
embodiments, the classifier 12 may have a high pitch angle (FIG. 7) resulting in a
high fineness grade. The pitch may then be adjusted/decreased to medium angle
(FIG. 8) resulting in a medium fineness grade. The pitch may then be further
adjusted/decreased to a small angle (FIG. 9) resulting in a low fineness grade

and/other benefits, e.g., optimization of the pressure drop across the classifier 12.

[0043] Additionally, adjusting the size of the pitch of the blade 56 may also

provide for control over the flow rate of fine particles across the classifier 12, i.e., the

11
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flow of fine particles from the upstream side 36 to the downstream side 38. For
example, in embodiments, a high pitch with a small opening 78 may result in a low
tlow rate, e.g., 500 Ib/hr, across the classifier 12, and a small pitch with a large
opening 78 may result in a high flow rate, e.g., 800,000 Ib/hr, across the classifier 12.
Accordingly, in embodiments, the pitch P may be adjusted between about 2.5° and
80°.

[0044] Moving now to FIGS. 10-15, in embodiments, the particle control
teature of the blade 56 may be a shaped outer profile of the blade 56 which, as used
herein, refers to the design/contour of the exterior edge 64. For example, the exterior
edge 64 may have: a conical shape (FIG. 10); a semi-cylindrical shape (FIG. 11); a
concaved shape (FIG. 12); a rectangular shape (FIG. 13); a bell shape (FIG. 14); a cup
shape (FIG. 15); and/or any combination thereof. While the interior edge 62 is
depicted within FIGS. 10-15 as being substantially vertical, it is to be understood
that, in embodiments, the interior edge 62 may deviate from being substantially
vertical to include following/outlining/tracing/mirroring the design/contour of the
exterior edge 64. Similar to the shapes of the leading surface 58 discussed above, as
will be appreciated, in embodiments, the aforementioned outer profile shapes may
reduce the amount of kinetic energy, in a direction perpendicular to the rotational
axis 42, transferred from the blade 56 to particles contacted by the exterior edge 64 of
the blade 56. As such, the outer profile shapes disclosed herein facilitate movement
of the particles towards the bowl 20, as opposed towards promoting movement of
the particles horizontally out towards the housing 14. As such, in embodiments, the
outer profile shapes disclosed herein may reduce the likelihood that particle swells
will develop near the classifier 12 and/or other regions within the housing 14 of the
pulverizer mill 10. In other words, in embodiments, the outer profile shape of the
blades 56 reduces the likelihood that dense particle clouds will form around the

outside of the classifier 12. Further, in embodiments, the shaped outer profiles of the

12
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blades 56 may improve the flow of particles deflected by the classifier 12 back to the

bowl 20 which in turn improves grinding performance of the pulverizer mill 10.

[0045] Additionally, while the classifier 12 is shown in FIG. 1 as a single stage
dynamic classifier, i.e., the classifier 12 does not include a static stage/filter, it will be
understood that in embodiments, the classifier 112, as shown in FIG. 16, may be a
two stage dynamic classifier, i.e., the classifier 112 includes a static stage/filter 45 that
surrounds the rotor 40 and blades 44. Further, as shown in FIG. 17, in other
embodiments, the classifier 212 may be a single stage dynamic classifier for a ball
and tube mill 214 which may include a housing 216 separate from the housing 14 of
the pulverizer mill 10 (FIG. 1). In such embodiments, the pulverized material / fuel
may flow from the pulverizer mill 10 into the tube mill 214 via duct 218 along the
path indicated by arrow 220. Particles satistying the fineness grade of the classifier
212 are allowed to flow through the classifier 212 and out of the top of the tube mill
214 as shown by arrows 222. Particles that do not satisfy the fineness grade are
forced/directed by the classifier 212 back into the pulverizer mill 10 via duct 224

along the path indicated by arrow 226.

[0046] Finally, it is also to be understood that the pulverizer mill 10 and/or the
classifier 12 may include the necessary electronics, software, memory, storage,
databases, firmware, logic/state machines, microprocessors, communication links,
displays or other visual or audio user interfaces, printing devices, and any other
input/output interfaces to perform the functions described herein and/or to achieve
the results described herein. For example, as stated above, the pulverizer mill 10
may include at least one processor 30 and system memory / data storage structures
32 in the form of a controller 28. The memory may include random access memory
(“RAM”) and read-only memory (“ROM”). The at least one processor may include
one or more conventional microprocessors and one or more supplementary co-
processors such as math co-processors or the like. The data storage structures

discussed herein may include an appropriate combination of magnetic, optical

13
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and/or semiconductor memory, and may include, for example, RAM, ROV, flash

drive, an optical disc such as a compact disc and/or a hard disk or drive.

[0047] Additionally, a software application that provides for control over one
or more of the various components of the pulverizer mill 10 and/or classifier 12, e.g.,
the pitch of the blade 56, may be read into a main memory of the at least one
processor from a computer-readable medium. The term “computer-readable
medium”, as used herein, refers to any medium that provides or participates in
providing instructions to the at least one processor 30 (or any other processor of a
device described herein) for execution. Such a medium may take many forms,
including but not limited to, non-volatile media and volatile media. Non-volatile
media include, for example, optical, magnetic, or opto-magnetic disks, such as
memory. Volatile media include dynamic random access memory (“DRAM”),
which typically constitutes the main memory. Common forms of computer-readable
media include, for example, a floppy disk, a flexible disk, hard disk, magnetic tape,
any other magnetic medium, a CD-ROM, DVD, any other optical medium, a RAM, a
PROM, an EPROM or EEPROM (electronically erasable programmable read-only
memory), a FLASH-EEPROM, any other memory chip or cartridge, or any other

medium from which a computer can read.

[0048] While in embodiments, the execution of sequences of instructions in
the software application causes the at least one processor to perform the
methods/processes described herein, hard-wired circuitry may be used in place of, or
in combination with, software instructions for implementation of the
methods/processes of the present invention. Therefore, embodiments of the present
invention are not limited to any specific combination of hardware and/or software.
[0049] It is further to be understood that the above description is intended to
be illustrative, and not restrictive. For example, the above-described embodiments
(and/or aspects thereof) may be used in combination with each other. Additionally,

many modifications may be made to adapt a particular situation or material to the
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teachings of the invention without departing from its scope.

[0050] For example, in an embodiment, a classifier for separating particles is
provided. The classifier includes a rotor having a direction of rotation defined by a
rotational axis of the rotor, and a plurality of blades disposed on the rotor around
the rotational axis. At least one blade of the plurality has a swept orientation in the
direction of rotation. The at least one blade is arranged to contact and direct the
particles away from the classifier and thereby restrict the particles from
concentrating in areas adjacent to the classifier. In certain embodiments, a leading
surface of the at least one blade is angled down such that a top edge of the at least
one blade leads a bottom edge of the at least one blade along the direction of
rotation. The top edge and the bottom edge are adjacent to a downstream side of the
classifier and an upstream side of the classifier, respectively. In certain
embodiments, the at least one blade has a shaped leading surface. In certain
embodiments, the shaped leading surface is angled. In certain embodiments, the
shaped leading surface is curved. In certain embodiments, the at least one blade has
an adjustable pitch. In certain embodiments, the at least one blade has a shaped
outer profile having a shape that is at least one of conical, semi-cylindrical, concaved,
bell, and cup. In certain embodiments, the classifier is disposed in a pulverizer mill

and the particles are produced via pulverizing a fuel in the pulverizer mill.

[0051] Other embodiments provide for a method for separating particles. The
method includes: forcing the particles against an upstream side of a classifier that
includes a rotor and a plurality of blades disposed on the rotor around a rotational
axis of the rotor that defines a direction of rotation of the rotor; rotating the rotor in
the direction of rotation such that a first stream of the particles flows between the
plurality of blades from the upstream side to a downstream side of the classifier, and
such that a second stream of the particles is restricted from flowing between the
plurality of blades from the upstream side to the downstream side; and restricting

the particles from concentrating in areas adjacent to the classifier via contacting the
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particles with at least one blade of the plurality that has a swept orientation in the
direction of rotation that directs the particles away from the classifier. In certain
embodiments, a leading surface of the at least one blade is angled down such that a
top edge of the at least one blade leads a bottom edge of the at least one blade along
the direction of rotation. The top edge and the bottom edge are adjacent to the
downstream side and the upstream side, respectively. In certain embodiments, the
at least one blade has a shaped leading surface. In certain embodiments, the shaped
leading surface is angled. In certain embodiments, the shaped leading surface is
curved. In certain embodiments, the at least one blade has an adjustable pitch, and
the method further includes adjusting the pitch of the at least one blade. In certain
embodiments, the at least one blade has a shaped outer profile having a shape that is
at least one of conical, semi-cylindrical, concaved, bell, and cup. In certain
embodiments, the classifier is disposed in a pulverizer mill and the method further

includes pulverizing a fuel so as to generate the particles.

[0052] Yet still other embodiments provide for a pulverizer mill. The
pulverizer mill includes a classifier that includes a rotor having a direction of
rotation defined by a rotational axis of the rotor. The classifier further includes a
plurality of blades disposed on the rotor around the rotational axis. At least one
blade of the plurality has a swept orientation in the direction of rotation. The at least
one blade is arranged to contact and direct the particles away from the classifier and
thereby restrict the particles from concentrating in areas adjacent to the classifier. In
certain embodiments, the pulverizer mill forms part of a boiler and generates the
particles by pulverizing a solid fuel arranged to be burned by the boiler. In certain
embodiments, the swept orientation of the at least one blade is between about 5° to
80° with respect to the direction of rotation. In certain embodiments, the at least one

blade has at least one of a shaped leading surface and a shaped outer profile.

[0053] Accordingly, by incorporating one or more particle control features

into the blades of a classifier, some embodiments of the present invention reduce the
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likelihood of swirls forming in the upper regions of a pulverizer mill which in turn
may reduce wear on the pulverizer mill and its components. In other words, some
embodiments of the present invention may reduce the size and/or number of coarse
particles that swell around the classifier, i.e., some embodiments improve the
turbulence of the particles so as to reduce and/or eliminate dense concentrations of
particles around the classifier. Additionally, the one or more particles control
features disclosed herein may also improve the ability of a classifier to separate fine

from coarse particles.

[0054] Further, by adjusting the pitch of the blades of a classifier, some
embodiments of the present invention provide for the ability to change the fineness
grade of the classifier and/or the flow rate of fine particles across the classifier while
the classifier continuously rotates. Accordingly, such embodiments may decrease
the pressure drop across the classifier, i.e., the difference in pressure between the
upstream and downstream sides, which may in turn decreases the overall power
utilized to drive the classifier. For example, in some embodiments, the downward
deflection of coarse particles may provide for a reduction in the amount of, and
pressure of, forced air introduced into the housing via the air inlet ducts, thus
improving the classifier’s efficiency.

[0055] Additionally, the reduction of particles swells, in some embodiments,
may reduce the likelihood of coarse particles inadvertently passing through the
classifier, and/or facilitate improved particle flow through the housing and across
the classifier. Thus, some embodiments may improve both quality of the fineness

grade, efficiency and/or capacity of the classifier.

[0056] Further, it will be appreciated that the particle control features
disclosed herein are directed towards both improving finesse control and in
preventing the formation of swirls near the classifier, as opposed to many traditional

classifier designs which have been primarily focused on improving only fineness.

[0057] It will be further understood that the above mentioned features may be
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implemented in newly constructed pulverizer mills, and/or by retrofitting pre-
existing pulverizer mills with a classifier in accordance with the embodiments

described herein.

[0058] While the dimensions and types of materials described herein are
intended to define the parameters of the invention, they are by no means limiting
and are exemplary embodiments. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to the appended claims,
along with the full scope of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are used as the plain-
English equivalents of the respective terms “comprising” and “wherein.” Moreover,
in the following claims, terms such as “first,” “second,” “third,” “upper,” “lower,”

Ay

“bottom,” “top,” etc. are used merely as labels, and are not intended to impose
numerical or positional requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function format and are not intended

to be interpreted as such, unless and until such claim limitations expressly use the

phrase “means for” followed by a statement of function void of further structure.

[0059] This written description uses examples to disclose several
embodiments of the invention, including the best mode, and also to enable one of
ordinary skill in the art to practice the embodiments of invention, including making
and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims, and may include other
examples that occur to one of ordinary skill in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do
not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of the

claims.

[0060] As used herein, an element or step recited in the singular and
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proceeded with the word “a” or “an” should be understood as not excluding plural
of said elements or steps, unless such exclusion is explicitly stated. Furthermore,
references to “one embodiment” of the present invention are not intended to be
interpreted as excluding the existence of additional embodiments that also
incorporate the recited features. Moreover, unless explicitly stated to the contrary,
embodiments “comprising,” “including,” or “having” an element or a plurality of
elements having a particular property may include additional such elements not
having that property.

[0061] Since certain changes may be made in the above-described invention,
without departing from the spirit and scope of the invention herein involved, it is
intended that all of the subject matter of the above description shown in the

accompanying drawings shall be interpreted merely as examples illustrating the

inventive concept herein and shall not be construed as limiting the invention.
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WHAT IS CLAIMED IS:

1. A classifier for separating particles comprising;:
a rotor having a direction of rotation defined by a rotational axis of the rotor;
a plurality of blades disposed on the rotor around the rotational axis; and
wherein at least one blade of the plurality has a swept orientation in the
direction of rotation, the at least one blade arranged to contact and direct the
particles away from the classifier and thereby restrict the particles from

concentrating in areas adjacent to the classifier.

2. The classifier of claim 1, wherein a leading surface of the at least one blade is
angled down such that a top edge of the at least one blade leads a bottom edge of the
at least one blade along the direction of rotation, the top edge and the bottom edge
being adjacent to a downstream side of the classifier and an upstream side of the

classifier, respectively.

3. The classifier of claim 1 or 2, wherein the at least one blade has a shaped

leading surface.

4. The classifier of claim 3, wherein the shaped leading surface is angled.

5. The classifier of claim 3 or 4, wherein the shaped leading surface is curved.

6. The classifier of any one of claims 1 to 5, wherein the at least one blade has an
adjustable pitch.

7. The classifier of any one of claims 1 to 6, wherein the at least one blade has a

shaped outer profile having a shape that is at least one of conical, semi-cylindrical,

concaved, bell, and cup.
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8. The classifier of any one of claims 1 to 7, wherein the classifier is disposed in a
pulverizer mill and the particles are produced via pulverizing a fuel in the

pulverizer mill.

9. A method for separating particles comprising:

forcing the particles against an upstream side of a classifier that includes a
rotor and a plurality of blades disposed on the rotor around a rotational axis of the
rotor that defines a direction of rotation of the rotor;

rotating the rotor in the direction of rotation such that a first stream of the
particles flows between the plurality of blades from the upstream side to a
downstream side of the classifier, and such that a second stream of the particles is
restricted from flowing between the plurality of blades from the upstream side to the
downstream side; and

restricting the particles from concentrating in areas adjacent to the classifier
via contacting the particles with at least one blade of the plurality that has a swept
orientation in the direction of rotation that directs the particles away from the

classifier.

10.  The method of claim 9, wherein a leading surface of the at least one blade is
angled down such that a top edge of the at least one blade leads a bottom edge of the
at least one blade along the direction of rotation, the top edge and the bottom edge

being adjacent to the downstream side and the upstream side, respectively.

11.  The method of claim 9 or 10, wherein the at least one blade has a shaped

leading surface.

12.  The method of claim 11, wherein the shaped leading surface is angled.
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13.  The method of claim 11 or 12, wherein the shaped leading surface is curved.

14.  The method of any one of claims 9 to 13, wherein the at least one blade has an
adjustable pitch, and the method further comprises:

adjusting the pitch of the at least one blade.

15.  The method of any one of claims 9 to 14, wherein the at least one blade has a
shaped outer profile having a shape that is at least one of conical, semi-cylindrical,

concaved, bell, and cup.

16.  The method of any one of claims 9 to 15, wherein the classifier is disposed in a
pulverizer mill and the method further comprises:

pulverizing a fuel so as to generate the particles.

17. A pulverizer mill comprising:

a classifier that includes a rotor having a direction of rotation defined by a
rotational axis of the rotor, the classifier further includes a plurality of blades
disposed on the rotor around the rotational axis; and

wherein at least one blade of the plurality has a swept orientation in the
direction of rotation, the at least one blade arranged to contact and direct the
particles away from the classifier and thereby restrict the particles from

concentrating in areas adjacent to the classifier.

18. The pulverizer mill of claim 17, wherein the pulverizer mill forms part of a
boiler and generates the particles by pulverizing a solid fuel arranged to be burned

by the boiler.

19.  The pulverizer mill of claim 17 or 18, wherein the swept orientation of the at

least one blade is between about 5° to 80° with respect to the direction of rotation.
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20.  The pulverizer mill of any one of claims 17 to 19, wherein the at least one

blade has at least one of a shaped leading surface and a shaped outer profile.
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