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(54) Port-installed damper

(57) A port-installed damper (100) for trimming a flow
of a substance through a pipe (101), the pipe (101) having
a port formed therein, that includes a fitting (104) that
attaches to the pipe (101) about the port, a port assembly
(106) that attaches to the fitting (104) and includes an
actuator (118), and means for trimming the flow of a sub-

stance through the pipe (101). The actuator (118) may
be connected to the means for trimming by one or more
connectors. The port may have a predetermined size
such that, during installation of the port-installed damper
(100) and the means for trimming may pass through the
port. In some embodiments, the port may not extend be-
yond half of the circumference of the pipe (101).
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Description

[0001] This present application relates generally to
systems for trimming, i.e., controlling, the flow of a ma-
terial through a pipe. More specifically, but not by way of
limitation, the present application relates to systems for
trimming, i.e., controlling, the flow of air and pulverized
coal through a pipe to the burners of a coal-fired boiler.
[0002] Coal-fired boilers typically are fed by multiple
coal pulverizing mills. Each mill supplies a mixture of coal
and air through multiple pipes to multiple burners within
the boiler. Each coal supply path typically originates at a
respective pulverizer mill and terminates at the individual
burner mounted in the boiler. Each coal pipe has its own
characteristic mechanical system performance/resist-
ance properties for a two phase flow of air flow and coal
flow. These properties vary for each coal pipe at any giv-
en time and boiler load based upon a number of system
factors relating to both equipment and process variables.
[0003] For example, equipment such as a forced draft
fan, air heater, primary air fan, coal feeder, coal pulver-
izer, coal classifier, riffle box/fixed orifice, piping system,
elevation, air flow and coal flow monitor, burner isolation
valve, burner, and boiler and process parameters such
as elevation, air temperature, air pressure, air flow, coal
flow, coal density, coal moisture, coal composition and
coal particle size all impact the performance/resistance
characteristics of the system. In other words, as the boiler
load changes and as the individual mechanical factors
vary for each coal pipe, the air/coal system performance
and resistance changes for the total coal piping system
and each individual coal pipe within that system.
[0004] It is known that the balance of coal flow to the
burners in a coal-fired power plant can have a significant
impact on combustion efficiency, residual carbon in fly
ash, and NOx emissions. Even a small burner-to-burner
imbalance can significantly impact boiler performance.
However, coal flow balancing of multiple burner boilers
is a difficult problem for engineers and operators to solve
because of all the variables discussed above.
[0005] As a result, the pipes may be fitted with dampers
so that the flow of air and pulverized coal may be trimmed,
i.e., controlled, such that the proper burner balance is
achieved. Generally, the installation of such dampers is
expensive and time consuming. This is due to the fact
that installation usually requires cutting and removing a
complete section of the pipe, supporting the resulting
ends of the pipes, wielding flanges to the pipe ends, and
installing and bolting the damper device between the pipe
flanges. In addition, the appropriate locations for install-
ing dampers are typically at locations in which the piping
is elevated or otherwise difficult to reach. This may re-
quire scaffolding and lifting equipment to support the pipe
ends and to lift the new pipe section into place, which
adds more difficulty and cost to the operation. Thus, there
is a need for a more efficient and less costly system
and/or method for this operation to be completed, and
still yield an effective damper.

[0006] According to a first aspect of the invention there
is described a port-installed damper for trimming a flow
of a substance through a pipe, the pipe having a port
formed therein, that includes a fitting that attaches to the
pipe about the port, a port assembly that attaches to the
fitting and includes an actuator, and means for trimming
the flow of a substance through the pipe. The actuator
may be connected to the means for trimming by one or
more connectors. The port may have a predetermined
size such that, during installation of the port-installed
damper, the means for trimming may pass through the
port. In some embodiments, the port may not extend be-
yond half of the circumference of the pipe.
[0007] The actuator adjusts the means for trimming via
the one or more connectors to control the flow of the
substance through the pipe. The means for trimming may
be a pair of butterfly damper blades, and the one or more
connectors may be two stems that connect each butterfly
damper blade to the actuator. The stems, upon assem-
bly, may travel from the actuator to the butterfly damper
blades through the port and an opening in the fitting. The
opening in the fitting may have a predetermined size such
that, during installation of the port-installed damper, the
butterfly damper blades may pass through the opening
in the fitting.
[0008] The butterfly damper blades may include an
open setting, wherein a majority of the cross-sectional
area of the pipe may be open to flow, a closed setting,
wherein a majority of the cross-sectional area of the pipe
may be closed to flow, and one or more intermediary
settings between the open setting and the closed setting.
In some embodiments, a width of the opening may be
just greater than the distance between an outer edge of
each of the stems when the stems are preassembled into
a unit that comprises the butterfly damper blades, the
stems, the port assembly, and the actuator. A length of
the opening may be just greater than the width of one of
the butterfly damper blades.
[0009] In some embodiments, the port may have ap-
proximately the same size as the opening in the fitting.
The fitting may include a port insert that surrounds the
opening in the fitting and inserts into the port. In such
embodiments, the port may have a size such that the
port fits snugly about the port insert. An end of the port
insert is curved so that it matches a curvature of the pipe.
The fitting further may include a first flange and the port
assembly may include a second flange such that a bolt
may attach the port assembly to the fitting via the second
flange to the first flange.
[0010] In some embodiments, the butterfly damper
blades, the stems, the port assembly, and the actuator
may be preassembled into a preassembled unit such
that, when the first flange is attached to the pipe and the
second flange of the preassembled unit is attached to
the first flange, the damper blades are positioned within
the pipe in a desired location. In addition, the port as-
sembly may have a shape such that when the port as-
sembly is attached to the fitting, the opening in the fitting
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is substantially filled and closed by a section of the port
assembly that inserts into the opening such that the inner
surface of the pipe remains substantially smooth.
[0011] The present application further describes an
apparatus for trimming the flow of a substance through
a pipe, the pipe having a port formed therein, that includes
a port assembly, one or more damper blades supported
by the port assembly and operable between at least two
positions, and a flange portion of the port assembly con-
nectable with the pipe to seal the port and support the
damper blade in the pipe to permit flow of the substance
at a first rate when the damper blade is in a first position
and permit flow of the substance at a second rate when
the damper is in a second position. The port may have
a predetermined size such that, during installation of the
apparatus, the one or more damper blades may pass
through the port. In some embodiments, the port does
not extend beyond half of the circumference of the pipe.
[0012] The one or more damper blades may be two
butterfly damper blades that are each supported by the
port assembly by a stem. In some embodiments, a width
of the port may be just greater than the distance between
an outer edge of each of the stems when the stems are
preassembled into a unit that comprises the butterfly
damper blades, the stems, and the port assembly. A
length of the opening may be just greater than the width
of one of the butterfly damper blades.
[0013] In some embodiments, the apparatus further
may include a fitting that attaches to the pipe about the
port. The fitting may include a first flange and the port
assembly may include a second flange such that a bolt
may attach the port assembly to the fitting by bolting the
second flange to the first flange.
[0014] Various features of the present application will
become apparent to one of ordinary skill in the art upon
review of the following detailed description of the pre-
ferred embodiments when taken in conjunction with the
drawings, in which:

FIG. 1 is a section view of a pipe demonstrating an
installed exemplary embodiment of the present ap-
plication, with damper blades in the "closed" position.

FIG. 2 is a section view of a pipe demonstrating an
installed exemplary embodiment of the present ap-
plication, with damper blades in the "open" position.

FIG. 3 is a side view of a pipe demonstrating an ex-
emplary port and a side view of a flanged pipe fitting
that may be used with certain embodiments of the
present application.

[0015] As described, coal-fired boilers typically are fed
by multiple coal pulverizing mills. Each mill supplies a
mixture of coal and air through several pipes to multiple
burners within the boiler. Each coal supply path typically
originates at a respective pulverizer mill and terminates
at the individual burner mounted in the boiler. Referring

now to the figures, where the various numbers represent
like parts throughout the several views, Figs. 1 and 2
demonstrate an exemplary embodiment of a port-in-
stalled damper 100 with a pipe 101 (which may constitute
a pulverized coal/air supply pipe) of the present applica-
tion. The pipe 101 may have a circular cross-sectional
shape. Those of ordinary skill in the art will appreciate
that other cross-sectional shapes for pipe 101 also are
possible. The port-installed damper 100 may include
damper blades 102, a flanged pipe fitting 104, and a
housing or port assembly 106. As used herein, a port is
defined to be a cut-out opening in the pipe 101 that, gen-
erally, is contained within a single side of the pipe 101,
i.e., does not extend beyond half of the pipe’s 101 cir-
cumference. This definition of a port excludes complete
section cuts of pipe 101.
[0016] The damper blades 102 may comprise a means
for trimming the flow of material through the pipe 101. As
known in the art, damper blades may be used to block
an area of the pipe so that flow therethrough may be
trimmed or controlled as desired. The damper blades 102
may be a pair of butterfly blades as disclosed in U.S.
Patent 6,799,525, which is hereby incorporated herein
by reference in its entirety. As such, the damper blades
102 may have a profile of an approximate half-circle (as
shown in Fig. 1) and a relatively thin depth (as shown in
Fig. 2). The damper blades 102 may be made from car-
bon steal, stainless steal or other similar alloys or mate-
rials. Those of ordinary skill will recognize that damper
blades of different type, material, shape and size may be
used with the present application, and that the use of
butterfly shaped damper blades is exemplary only. For
example, in some embodiments, knife blades, which are
known in the art, may be used.
[0017] The damper blades 102 may be oriented within
the pipe 101 so that they form a valve that trims or controls
flow through the pipe 101. Accordingly, the damper
blades 102 may be oriented such that in a "closed" po-
sition or setting (as shown in Fig. 1) the damper blades
102 block a majority of the cross-sectional area of the
pipe 101. In this position, the damper blades 102 may be
said to "line-up" with each other so that they occupy ap-
proximately the same plane. The amount of flow block-
age that the damper blades 102 provide to the cross-
sectional area of the pipe 101 in the closed position may
be manipulated as desired by changing the size of the
damper blades 102. For example, a center hole cutout
108 may be included to decrease the blockage of the
pipe 101 by the damper blades 102 when they are in the
closed position. Further, an outer clearance 109 between
the outer-edge of the damper blades and the inner-sur-
face of the pipe 101 may be increased or decreased to
alter the blockage characteristics of the damper blades
102.
[0018] As shown in Fig. 2, each damper blade 102 may
be rotated approximately 90° about it damper blade stem
100 from the close position to expose a relatively thin
profile so that the damper blades 102 are essentially par-
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allel to each other. In this position, the damper blades
102 may be said to be in a "full open" setting. In the full
open setting, a majority of cross-sectional area of the
pipe 101 may be open (i.e., not blocked by the damper
blades 102) to permit maximum flow. The damper blades
102 also may occupy intermediary settings (i.e., settings
between the open and closed settings) so that a desired
intermediate flow rate for the material passing through
the pipe 101 may be achieved.
[0019] The damper blades 102 may be mounted to
damper blade stems 110 as known in the art. The damper
blade stems 108 may be made from the same material
as the damper blades 102 or other similar materials. The
damper blade stems 110 may position and orient the
damper blades 102 within the pipe 101 and may cause
the damper blades 102 to rotate between the open, in-
termediary and closed settings. The damper blade stems
110 also may provide support to the damper blades 102
such that the damper blades 102 remain fixed in a desired
position or setting and perform the desired trimming func-
tion to the flow of pulverized coal.
[0020] The flanged pipe fitting 104 may be a fitting that
attaches to the pipe 101 per methods known in the art,
such as welding or similar means. The flanged pipe fitting
104 may be positioned so that it is centered over a port
202, as shown in Figure 3. As stated, a port is defined to
be a cut-out opening in the pipe 101 that, generally, is
contained within a single side of the pipe 101, i.e., does
not extend beyond half of the pipe’s 101 circumference,
which excludes complete section cuts of pipe 101. As
shown in Fig. 2, the port 202 may be rectangular in nature,
though other shapes also may be used.
[0021] The flanged pipe fitting 104 may include a
flange 112, which may be used to attach the port assem-
bly 106 to the flanged pipe fitting 104. The port assembly
106 may include a port assembly flange 116 that may
attach to the flange 112 of the flanged pipe fitting 104 per
a number of bolts 114. The bolts 114 may pass through
the flange 112 into a port assembly flange 116. Those of
ordinary skill will recognize that other means of attaching
the port assembly 106 to the flanged pipe fitting 104 may
be used.
[0022] The flanged pipe fitting 104 may have an open-
ing or openings through which, when being installed, the
damper blade stem 110 for each damper blade 102 may
pass so that the damper blade stem 110 may engage an
actuator 118 that is located within or connected to the
port assembly 106. The opening(s) within the flanged
pipe fitting 104 may be various sizes as long as it allows
the damper blade stems 110 to pass through to the port
assembly 106. However, as discussed in more detail be-
low, it may be beneficial during installation for the flanged
pipe fitting 104 to have a single opening 203 (as shown
in Fig. 2). Further, it may be beneficial for the single open-
ing 203 to be sized such that the damper blades 102 may
pass through the opening 203. In such cases, during in-
stallation, the damper blades 102 may efficiently pass
through the opening 203 into the pipe 101 as the port

assembly 106 is positioned so that it may be attached to
the flanged pipe fitting 104.
[0023] In addition, the port assembly 106 may be
shaped such that when the port assembly 106 is attached
to the flanged pipe fitting 104, the opening 203 within the
flanged pipe fitting 104 is filled and closed by a section
of the port assembly 106 that inserts into the opening
203. The section of the port assembly 106 may fill the
opening such that the generally contour of the inner wall
of the pipe 101 is matched. In this manner, the inner
surface of the pipe 101 may remain a substantially
smooth surface. Thusly, the flow of pulverized coal or
other material may be disturbed as little as possible.
[0024] The actuator 118 may be located within or con-
nected to the port assembly 118 and may include means
for controlling the rotation of the damper blade stems 110
so that the desired setting of the damper blades 102 is
achieved. The actuator 118 may include any means
known in the art for achieving this result, including the
linear actuator as disclosed in U.S. Patent 6,799,525.
The setting of the actuator 118 (and, in turn, the settings
of the damper blades 102) may be controlled manually
via systems known in the art, such as switches, dials,
knobs, levers, etc., that may be located on the port as-
sembly 102. In alternative embodiments, the setting of
the actuator 118 (and, in turn, the settings of the damper
blades 102) may by controlled by electro-mechanical
and/or computerized control systems, such as those dis-
closed in U.S. Patent 6,799,525.
[0025] By way of example, installation of the port-in-
stalled damper 100 may be accomplished as follows.
First, as shown in Fig. 2, a port 202 may be cut out of a
side wall of the pipe 101. As one skilled in the art will
appreciate, the port 202 may include several shapes and
sizes. In certain embodiments and as shown, the port
202 may be rectangular in shape. The flanged pipe fitting
104 then may be attached to the port 202. This may be
accomplished by wielding the flanged pipe fitting 104 to
the area of the pipe 101 around the port 202. Those skilled
in the art will appreciate that other means of attachment
may be used.
[0026] As stated, the flanged pipe fitting 104 may have
an opening 203 through which the damper blade stem
110 for each damper blade 102 may pass so that the
damper blade stem 110 may engage an actuator 118. In
some embodiments, it may be beneficial during installa-
tion to have a single opening 203 in the flanged pipe
fitting 104 that is sized such that the damper blades 102
(when assembled as part of the "damper blades
102/damper blade stems 110/port assembly 106/actua-
tor 118 unit" and when positioned in what would be the
"open" setting, i.e., where the damper blades 102 are
parallel to each other) may pass through the opening
203. That way, during installation, the damper blades 102
may efficiently pass through the opening 203 into the
pipe 101 as part of a pre-assembled unit as the port as-
sembly 106 is positioned so that it may be attached to
the flanged pipe fitting 104.
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[0027] In such an embodiment, the single opening 203
may be rectangular and, as discussed in more detail be-
low, it may be beneficial for the opening 203 in the flanged
pipe fitting to be minimized. As such, the opening 203
may be sized such that it is just large enough for the
damper blades 102 to pass through (i.e., sized such that
the damper blades 102 may pass through relatively com-
fortably, but no larger). Accordingly, the width of the open-
ing may be sized such that it is just greater than the dis-
tance between the outer edges of the damper blade
stems 110. The length of the opening 203 may be sized
such that it is just greater than the width of the damper
blades 102. Thus, for example, if the diameter of the pipe
101 is about 43 cm, the distance between the outer edges
of the damper blade stems 110 may be approximately
2.5 to 15 cm. Accordingly, the width of the opening 203
may be just greater than this measurement. For example,
in the case where the distance between the outer edges
of the damper blade stems 110 is 6 cm, the width of the
opening 203 may be approximately 7 cm. The width the
each of the damper blades 102 may be slightly less than
the radius of the pipe 101, such that the width of the each
of the damper blades 102 may be approximately 15 to
20 cm. Accordingly, the length 206 of the opening 203
may be sized such that it is just greater than this meas-
urement. For example, in the case where the width of
each of the damper blades is 18 cm, the length of the
opening may be approximately 19 cm. In this manner,
as stated, the size of the opening 203 may be minimized
so that it is just large enough to allow the damper blades
102 (when assembled as part of the damper blades
102/damper blade stems 110/port assembly 106/actua-
tor 118 unit and when positioned in what would be the
"open" setting, i.e., where the damper blades 102 are
parallel to each other) to pass through it during installa-
tion.
[0028] Minimizing the opening 203 in such a manner
may be beneficial because it allows the port 202 also to
be minimized. Such minimization of the port 202 may
allow the strength characteristics of the pipe 101 to re-
main essentially intact so that no bracing or support mem-
bers are needed during the removal of the port 202 and
the installation of the port-installed damper 100. Minimi-
zation of the port 202 also may allow the strength char-
acteristics of the pipe 101 to remain essentially intact so
that no bracing or support members are needed after
installation of the port-installed damper 100 when the
pipe 101 is again used to carry the flow of pulverized
coal. Further, in some embodiments, the flanged pipe
fitting 104 may be sized, made of certain rigid materials
(such as steel, carbon steel, stainless steel or other al-
loys), and attached to the pipe 101 such that the strength
characteristics of the pipe 101 are not even minimally
compromised.
[0029] The size of the port 202, thus, may be minimized
by sizing it such that it generally corresponds to the length
and width measurements of the minimized opening 203.
In some embodiments, such as that shown in Fig. 1, a

part of the flanged pipe fitting 104 may constitute a port
insert 120 (see dashed line and shaded area on Figs. 1
and 2). The port insert 120 may surround the opening
203 of the flanged pipe fitting 104 and may be inserted
into the port 202 so that its outer surface abuts the inner
surface of the port 202. In other words, the port 202 may
be sized such that it snugly accepts the port insert 120
of the flanged pipe fitting 104. This arrangement may aid
in attaching the flanged pipe fitting 104 to the pipe 101.
Further, it may allow the flanged pipe fitting 104 to add
structural support to the pipe 101. Thus, in such embod-
iments, the size of the port 202 will have to be slightly
larger than the size of the opening 203 so that it may
accommodate the port insert 120. Though, if the size of
the opening 203 and the thickness of the port insert 120
are minimized, the size of the port 202 also will be min-
imized if the port 202 is sized so that it fits snugly around
the port insert 120. As stated above, minimization of the
port 202 may allow for the strength characteristics of the
pipe to be essentially unaffected, which may allow the
installation and continued use of the port-installed damp-
er to proceed more efficiently.
[0030] With the port 202 sized as described above, the
flanged pipe fitting 104 may be attached to the pipe 101
by wielding or other means known in the art. As stated,
the flanged pipe fitting 104 may include a port insert 120.
The port insert 120 may be constructed so that its ap-
proximate length corresponds to the thickness of the sec-
tion of the pipe 101 that was removed to form the port
202. Further, the end of the port insert 120 may be curved
so that it matches the curvature of the pipe 101. In this
manner, the surface of the inner wall of the pipe 101 may
remain relatively smooth after the flanged pipe fitting 104
is attached to the pipe 101.
[0031] With the flanged pipe fitting 104 attached to the
pipe 101, the other components of the port-installed
damper 100, i.e., the damper blades 102, the damper
blade stems 110, the port assembly 106, and the actuator
118, may be assembled separately and then installed.
The damper blades 102 may attach to the damper blade
stems 110 per methods known in the art; the actuator
118 may attach to the port assembly 106 per methods
known in the art; and the damper blade stems 110 may
engage the actuator 118 per methods known in the art.
Once assembled, this unit, i.e., the "damper blades
102/damper blade stems 110/port assembly 106/actua-
tor 118 unit," may be fixed into place by attaching the
port assembly flange 116 to the flange 112 of the flanged
pipe fitting 104 via pipe flange bolts 114 (or other means
known in the art). In doing this, the damper blades 102
may be positioned in the open setting so that the damper
blades 102 may be passed through the opening 203 and
into the pipe 101. The component parts of the damper
blades 102/damper blade stems 110/port assembly
106/actuator 118 unit may be constructed such that when
the port assembly flange 116 is attached to the flange
112 of the flanged pipe fitting 104, the damper blades
102 are positioned within the pipe 101 in a desired loca-
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tion.
[0032] Once installation is complete, the damper
blades 102 may operate to provide flow trimming to con-
trol the flow of air and pulverized coal supplied to the
burners of a coal-fired boiler. (Note that although the ap-
paratus described in this application has been described
primarily in its function as a pulverized coal trimming
valve, the port-installed damper 100 also may be installed
and used in other applications that include the flow of
similar materials through a pipe.) Once installed, use of
port-installed damper 100 may be consistent with the de-
scription found in U.S. Patent 6,799,525 concerning the
control, function and usage of damper blades to control
the flow of air and pulverized coal to the burners in a coal-
fired boiler. Generally, such usage may include control-
ling the settings of the damper blades 102 (via the damper
blade stems 110 interaction with the actuator 118) such
that a desired flow of air and pulverized coal to each of
the burners is achieved. In such a manner, the system
may be "balanced" so it operates more efficiently.
[0033] It should be apparent that the foregoing relates
only to the preferred embodiments of the present appli-
cation and that numerous changes and modifications
may be made herein without departing from the spirit and
scope of the application as defined by the following claims
and the equivalents thereof.

Claims

1. A port-installed damper (100) for trimming a flow of
a substance through a pipe (101), the pipe (101) hav-
ing a port (202) formed therein, comprising:

a fitting (104) that attaches to the pipe (101)
about the port (202);
a port assembly (106) that attaches to the fitting
(104) and includes an actuator(118); and
means for trimming the flow of a substance
through the pipe (101);

wherein the actuator (118) is connected to the means
for trimming by one or more connectors, and the port
(202) comprises a predetermined size such that, dur-
ing installation of the port-installed damper (100), the
means for trimming may pass through the port (202).

2. The port-installed damper (100) of claim 1, wherein
the port (202) does not extend beyond half of the
circumference of the pipe.

3. The port-installed damper of any preceding claim,
wherein the actuator (118) adjusts the means for
trimming via the one or more connectors to control
the flow of the substance through the pipe (101).

4. The port-installed damper of claim 3, wherein the
means for trimming comprises a pair of butterfly

damper blades (102) and the one or more connec-
tors comprises two stems (110) that connect each
butterfly damper blade (102) to the actuator (118);
and
the stems (110), upon assembly, travel from the ac-
tuator (119) to the butterfly damper blades (102)
through the port (202) and an opening (203) in the
fitting (104).

5. The port-installed damper of claim 4, wherein the
opening (203) in the fitting (104) comprises a prede-
termined size such that, during installation of the
port-installed damper (100), the butterfly damper
blades (102) may pass through the opening (203) in
the fitting.

6. The damper of claim 4 or claim 5, wherein the but-
terfly damper blades (102) comprise an open setting,
wherein a majority of the cross-sectional area of the
pipe (101) may be open to flow, a closed setting,
wherein a majority of the cross-sectional area of the
pipe (101) may be closed to flow, and one or more
intermediary settings between the open setting and
the closed setting.

7. The port-installed damper of any one of claims 4 to
6, wherein a width of the opening (203) is just greater
than the distance between an outer edge of each of
the stems (110) when the stems (110) are preas-
sembled into a unit that comprises the butterfly
damper blades (102), the stems (110), the port as-
sembly (106), and the actuator (118); and
a length of the opening (203) is just greater than the
width of one of the butterfly damper blades (102).

8. The port-installed damper of claim 7, wherein the
port (202) comprises approximately the same size
as the opening (203) in the fitting (104).

9. The port-installed damper of claim 7 or claim 8,
wherein the fitting (104) includes a port insert (120)
that surrounds the opening (203) in the fitting (104)
and inserts into the port (202).

10. The port-installed damper of claim 9, wherein the
port (202) comprises a size such that the port (202)
fits snugly about the port insert (120).
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