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SYSTEMS AND APPARATUS RELATING
TO SEALS FOR TURBINE ENGINES

BACKGROUND OF THE INVENTION

[101] The present application relates generally to systems and/or apparatus for
improving the efficiency and/or operation of turbine engines, which, as used herein
and unless specifically stated otherwise, is meant to include all types of turbine or
rotary engines, including gas turbine engines, aircraft engines, steam turbine engines,
and others. More specifically, but not by way of limitation, the present application
relates to systems and apparatus pertaining to improved seals for turbine engines.
[102] In general, a gas turbine engine (which, as discussed below, may be used
to illustrate an exemplary application of the current invention) includes a compressor,
a combustor, and a turbine. The compressor and turbine generally include rows of
blades that are axially or circumferentially stacked in stages. Each stage includes a
row of circumferentially-spaced stator blades, which are fixed, and a row of rotor
blades, which rotate about a central axis or shaft. In operation, generally, the
compressor rotor blades rotate about the shaft, and, acting in concert with the stator
blades, compress a flow of air. The supply of compressed air then is used in the
combustor to combust a supply of fuel. Then, the resulting flow of hot expanding
gases from the combustion, i.c., the working fluid, is expanded through the turbine
section of the engine. The flow of working fluid through the turbine induces the rotor
blades to rotate. The rotor blades are connected to a central shaft such that the
rotation of the rotor blades rotates the shaft. In this manner, the energy contained in
the fuel is converted into the mechanical energy of the rotating shaft, which, for
example, may be used to rotate the rotor blades of the compressor, such that the
supply of compressed air needed for combustion is produced, and the coils of a
generator, such that electrical power is generated.

[103] During operation, because of the extreme temperatures of the hot-gas path,
great care is taken to prevent components from reaching temperatures that would
damage or degrade their operation or performance. As one of ordinary skill in the art
will appreciate, one area that is sensitive to extreme temperatures is the space that is

radially inward of the hot-gas path. This area, which is often referred to as the inner
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wheelspace or wheelspace of the turbine, contains the several turbine wheels or rotors
onto which the rotating rotor blades are attached. While the rotor blades are designed
to withstand the extreme temperatures of the hot-gas path, the rotors are not and, thus,
it is necessary that the working fluid of the hot-gas path be prevented from flowing
into the wheelspace. However, axial gaps necessarily exist between the rotating
blades and the surrounding stationary parts and it is through these gaps that working
fluid gains access to the wheelspace. In addition, because of the way the engine
warms up and differing thermal expansion coefficients, these gaps may widen and
shrink depending on the way the engine is being operated. This variability in size
makes it difficult to adequately seal these gaps.

[104] Generally, this means that the turbine wheelspace must be purged to avoid
hot gas ingestion. Purging requires that the pressure within the wheelspace be
maintained at a level that is greater than the pressure of the working fluid. Typically,
this is achieved by bleeding air from the compressor and routing it directly into the
wheelspace. When this is done an out-flow of purge air is created (i.c., a flow of
purge air from the wheelspace to the hot-gas path), and this out-flow through the gaps
prevents the in-flow of working fluid. Thereby, the components within the
wheelspace are protected from the extreme temperatures of the working fluid.

[105] However, purging systems increase the manufacturing and maintenance
cost of the engine, and are often inaccurate in terms of maintain a desired level of
pressure in the wheelspace cavity. In addition, purging the wheelspace comes at a
price. As one of ordinary skill in the art will appreciate, purge flows adversely affect
the performance and efficiency of the turbine engine. That is, increased levels of
purge air reduce the output and efficiency of the engine. Hence, the usage of purge
air should be minimized. As a result, there is a need for improved methods, systems
and/or apparatus that better seal the gaps/wheelspace cavity from the working fluid,

thereby reducing wheelspace ingestion and/or the usage of purge air.

BRIEF DESCRIPTION OF THE INVENTION
[106] The present application thus describes a seal in a turbine of a combustion
turbine engine. In one embodiment, the seal is formed within a trench cavity defined

between a rotor blade and a stator blade. The stator blade may include a sidewall
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projection extending toward the rotor blade and the rotor blade may include an angel
wing projection extending toward the stator blade. The side wall projection may
overhang the angel wing projection. The seal may further include: a port disposed on
an inboard surface of the stator projection; and deflecting structure disposed on an
outboard surface of the angel wing projection. The port may be configured to direct a
fluid expelled therefrom toward the deflecting structure. The deflecting structure may
be configured to receive the fluid expelled from the port and deflect the fluid toward
an inlet of the trench cavity.

[107] The application further describes a combustion turbine engine that
includes a seal formed within a trench cavity defined between a rotor blade and a
stator blade. The seal may include: a port disposed on an inboard surface of the
stator projection; and deflecting structure disposed on an outboard surface of the
angel wing projection. The port may be configured to direct a fluid expelled
therefrom in an inboard direction and toward the deflecting structure. The deflecting
structure may be configured to receive the fluid expelled from the port and deflect the
fluid such that the fluid opposes a flow direction of ingested working fluid that
otherwise is traveling from the inlet of the trench cavity to a wheelspace cavity.

[108] These and other features of the present application will become apparent
upon review of the following detailed description of the preferred embodiments when

taken in conjunction with the drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[109] These and other features of this invention will be more completely
understood and appreciated by careful study of the following more detailed
description of exemplary embodiments of the invention taken in conjunction with the
accompanying drawings, in which:

[110] Figure 1 is a schematic representation of an exemplary gas turbine engine

in which embodiments of the present application may be used;

[111] Figure 2 is a sectional view of the compressor in the gas turbine engine of
Figure 1;
[112] Figure 3 is a sectional view of the turbine in the gas turbine engine of
Figure 1;
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[113] Figure 4 is a schematic sectional view of the inner radial portion of several
rows of rotor and stator blades as configured in an exemplary turbine according to
conventional design;

[114] Figure 5 is a sectional view of a trench cavity and a flow curtain/angel
wing projection assembly according to an exemplary embodiment of the present
invention; and

[115] Figure 6 is a cross-sectional view along line 6-6 of Figure 5; and

[116] Figure 7 is a sectional view of a trench cavity and a flow curtain/angel
wing projection assembly according to an alternative embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[117] Referring now to the figures, Figure 1 illustrates a schematic
representation of a gas turbine engine 100, which will be used to describe an
exemplary application of the present invention. It will be understood by those skill in
the art that the present invention is not limited to this type of usage. As stated, the
present invention may be used in gas turbine engines, such as the engines used in
power generation and airplanes, steam turbine endings, and other type of rotary
engines. In general, gas turbine engines operate by extracting energy from a
pressurized flow of hot gas that is produced by the combustion of a fuel in a stream of
compressed air. As illustrated in Figure 1, gas turbine engine 100 may be configured
with an axial compressor 106 that is mechanically coupled by a common shaft or rotor
to a downstream turbine section or turbine 110, and a combustor 112 positioned
between the compressor 106 and the turbine 110.

[118] Figure 2 illustrates a view of an exemplary multi-staged axial compressor
118 that may be used in the gas turbine engine of Figure 1. As shown, the compressor
118 may include a plurality of stages. Each stage may include a row of compressor
rotor blades 120 followed by a row of compressor stator blades 122. Thus, a first
stage may include a row of compressor rotor blades 120, which rotate about a central
shaft, followed by a row of compressor stator blades 122, which remain stationary
during operation. The compressor stator blades 122 generally are circumferentially

spaced one from the other and fixed about the axis of rotation. The compressor rotor
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blades 120 are circumferentially spaced and attached to the shaft; when the shaft
rotates during operation, the compressor rotor blades 120 rotates about it. As one of
ordinary skill in the art will appreciate, the compressor rotor blades 120 are
configured such that, when spun about the shaft, they impart kinetic energy to the air
or fluid flowing through the compressor 118. The compressor 118 may have other
stages beyond the stages that are illustrated in Figure 2. Additional stages may
include a plurality of circumferential spaced compressor rotor blades 120 followed by
a plurality of circumferentially spaced compressor stator blades 122.

[119] Figure 3 illustrates a partial view of an exemplary turbine section or
turbine 124 that may be used in the gas turbine engine of Figure 1. The turbine 124
also may include a plurality of stages. Three exemplary stages are illustrated, but
more or less stages may present in the turbine 124. A first stage includes a plurality
of turbine buckets or turbine rotor blades 126, which rotate about the shaft during
operation, and a plurality of nozzles or turbine stator blades 128, which remain
stationary during operation.  The turbine stator blades 128 generally are
circumferentially spaced one from the other and fixed about the axis of rotation. The
turbine rotor blades 126 may be mounted on a turbine wheel (not shown) for rotation
about the shaft (not shown). A second stage of the turbine 124 also is illustrated. The
second stage similarly includes a plurality of circumferentially spaced turbine stator
blades 128 followed by a plurality of circumferentially spaced turbine rotor blades
126, which are also mounted on a turbine wheel for rotation. A third stage also is
illustrated, and similarly includes a plurality of turbine stator blades 128 and rotor
blades 126. It will be appreciated that the turbine stator blades 128 and turbine rotor
blades 126 lie in the hot gas path of the turbine 124. The direction of flow of the hot
gases through the hot gas path is indicated by the arrow. As one of ordinary skill in
the art will appreciate, the turbine 124 may have other stages beyond the stages that
are illustrated in Figure 3. Each additional stage may include a row of turbine stator
blades 128 followed by a row of turbine rotor blades 126.

[120] In use, the rotation of compressor rotor blades 120 within the axial
compressor 118 may compress a flow of air. In the combustor 112, energy may be
released when the compressed air is mixed with a fuel and ignited. The resulting flow

of hot gases from the combustor 112, which may be referred to as the working fluid,
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is then directed over the turbine rotor blades 126, the flow of working fluid inducing
the rotation of the turbine rotor blades 126 about the shaft. Thereby, the energy of the
flow of working fluid is transformed into the mechanical energy of the rotating blades
and, because of the connection between the rotor blades and the shaft, the rotating
shaft. The mechanical energy of the shaft may then be used to drive the rotation of
the compressor rotor blades 120, such that the necessary supply of compressed air is
produced, and also, for example, a generator to produce electricity.

[121] Before proceeding further, note that to communicate clearly the invention
of the current application, it may be necessary to select terminology that refers to and
describes certain machine components or parts of a turbine engine. Whenever
possible, terminology that is used in the industry will be selected and employed in a
manner consistent with its accepted meaning. However, it is meant that this
terminology be given a broad meaning and not narrowly construed such that the
meaning intended herein and the scope of the appended claims is restricted. Those of
ordinary skill in the art will appreciate that often certain components are referred to
with several different names. In addition, what may be described herein as a single
part may include and be referenced in another context as several component parts, or,
what may be described herein as including multiple component parts may be
fashioned into and, in some cases, referred to as a single part. As such, in
understanding the scope of the invention described herein, attention should not only
be paid to the terminology and description provided, but also to the structure,
configuration, function, and/or usage of the component.

[122] In addition, several descriptive terms may be used herein. The meaning
for these terms shall include the following definitions. The term ‘“rotor blade”,
without further specificity, is a reference to the rotating blades of either the
compressor 118 or the turbine 124, which include both compressor rotor blades 120
and turbine rotor blades 126. The term “stator blade”, without further specificity, is a
reference the stationary blades of either the compressor 118 or the turbine 124, which
include both compressor stator blades 122 and turbine stator blades 128. The term
“blades” will be used herein to refer to either type of blade. Thus, without further
specificity, the term “blades” is inclusive to all type of turbine engine blades,

including compressor rotor blades 120, compressor stator blades 122, turbine rotor
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blades 126, and turbine stator blades 128. Further, as used herein, “downstream’ and
“upstream” are terms that indicate a direction relative to the flow of working fluid
through the turbine. As such, the term “downstream” means the direction of the flow,

3

and the term “upstream” means in the opposite direction of the flow through the
turbine. Related to these terms, the terms “aft” and/or “trailing edge” refer to the
downstream direction, the downstream end and/or in the direction of the downstream
end of the component being described. And, the terms “forward” or “leading edge”
refer to the upstream direction, the upstream end and/or in the direction of the
upstream end of the component being described. The term “radial” refers to
movement or position perpendicular to an axis. It is often required to describe parts
that are at differing radial positions with regard to an axis. In this case, if a first
component resides closer to the axis than a second component, it may be stated herein
that the first component is “inboard” or “radially inward” of the second component.
If, on the other hand, the first component resides further from the axis than the second
component, it may be stated herein that the first component is “outboard” or “radially
outward” of the second component. The term “axial” refers to movement or position
parallel to an axis. And, the term “circumferential” refers to movement or position
around an axis.

[123] Referring again to the figures, Figure 4 schematically illustrates a sectional
view of the several rows of blades as they might be configured in an exemplary
turbine according to a conventional design. As one of ordinary skill in the art will
appreciate, the view includes the radial inward features of two rows of rotor blades
126 and two rows of stator blades 128. Each rotor blade 126 generally includes an
airfoil 130 that resides in the hot-gas path and interacts with the working fluid of the
turbine (the flow direction of which is indicated by arrow 131), a dovetail 132 that
attaches the rotor blade 126 to a rotor wheel 134, and, between the airfoil 130 and the
dovetail 132, a section that is typically referred to as the shank 136. As used herein,
the shank 136 is meant to refer to the section of the rotor blade 126 that resides
between the attachment means, which in this case is the dovetail 132, and the airfoil
130. Each stator blade 128 generally includes an airfoil 140 that resides in the hot-gas
path and interacts with the working fluid and, radially inward of the airfoil 140, an

inner sidewall 142 and, radially inward of the inner sidewall 142, a diaphragm 144.
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Typically, the inner sidewall 142 is integral to the airfoil 140 and forms the inner
boundary of the hot-gas path. The diaphragm 144 typically attaches to the inner
sidewall 142 (though may be formed integral therewith) and extends in an inward
radial direction to form a seal 146 with the rotating machinery.

[124] It will be appreciated that axial gaps are present along the radially inward
edge of the hot-gas path. Generally, these gaps, which will be referred to herein as
“trench cavities 1507, are present because of the space that must be maintained
between the rotating parts (i.c., the rotor blades 126) and the stationary parts (i.e., the
stator blades 128). Because of the way the engine warms up, operates at different
load conditions, and the differing thermal expansion coefficients of some of the
components, the width of the trench cavity 150 (i.e., the axial distance across the gap)
generally varies. That is, the trench cavity 150 may widen and shrink depending on
the way the engine is being operated. Because it is highly undesirable for the rotating
parts to rub against stationary parts, the engine must be designed such that at least
some space is maintained at the trench cavity 150 locations during all operating
conditions. This generally results in a trench cavity 150 that has a relatively narrow
opening during some operating conditions and a relatively wide opening during other
operating conditions. Of course, a trench cavity 150 with a relatively wide opening is
undesirable because it invites more working fluid ingestion into the turbine
wheelspace.

[125] It will be appreciated that a trench cavity 150 generally exists at each point
along the radially inward boundary of the hot-gas path where rotating parts border
stationary parts. Thus, as illustrated, a trench cavity 150 is formed between the
trailing edge of the rotor blade 126 and the leading edge of the stator blade 128 and
between the trailing edge of the stator blade 128 and the leading edge of the rotor
blade 126. Typically, in regard to the rotor blades 126, the shank 136 defines one
edge of the trench cavity 150, and, in regard to the stator blades 128, the inner
sidewall 142 defines the other edge of the trench cavity 150. Often, axial projecting
projections may be configured within the trench cavity 150 so to provide a tortuous
path that limits ingestion of working fluid. As shown, angel wing projections 152
may be formed on the shank 136 of the rotor blades 126. Outboard of the angel wing
projections 152, the inner sidewall 142 of the stator blade 128 may project toward the
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rotor blade 126, thereby forming a stator projection 154. Generally, inboard of the
angel wing 152, the trench cavity 150 is said to transition into a wheelspace cavity
156.

[126] As stated, it is desirable to prevent the working fluid of the hot-gas path
from entering the trench cavity 150 and the wheelspace cavity 156 because the
extreme temperatures may damage the components within this area. The overlapping
angel wing 152 and the stator projection 154 are formed to limit ingestion. However,
because of the varying width of the trench cavity 150 opening and the relative
ineffectiveness of the secal for by the angel wing 152/stator projection 154
combination, working fluid would be regularly ingested into the wheelspace cavity
156 if the cavity were not purged with a relatively high level of compressed air bled
from the compressor. As stated, because purge air negatively affects the performance
and efficiency of the engine, its usage should be minimized.

[127] Figures 5 and 6 provide seal assemblies according to preferred
embodiments of the present invention. In general, the seals are formed in a trench
cavity 150, which, as stated, include the axial gap that extends circumferentially
between the rotating parts and the stationary parts of the turbine. The trench cavity
150 may be formed between the trailing edge of the rotor blade 126 and the leading
edge of the stator blade 128, as well as the trailing edge of the stator blade 128 and the
leading edge of the rotor blade 126. As used herein, an inlet 162 of the trench cavity
150 includes the point at which the trench cavity 150 intersects a main flow path 171
through the turbine. The rotor blade 126 includes an airfoil 130 that resides in a main
flow path through the turbine and interacts with the flow of working fluid flowing
therethrough. The rotor blade 126 generally includes a dovetail 132 by which it is
attached to a rotor wheel 134. Between the airfoil 130 and the dovetail 132, the rotor
blade 126 typically includes a shank 136. The turbine stator blade 128 generally
includes an airfoil 140 that resides in the main flow path through the turbine and
interacts with the flow of working fluid flowing therethrough and, radially inward of
the airfoil 140, an inner sidewall 142 that forms an inner boundary of the main flow
path. Radially inward of the inner sidewall 142, a diaphragm 144 may form a second

seal with one or more rotating components.
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[128] As shown in Figures 5 and 6, seal according to the present invention are
formed within a trench cavity 150 that is defined between a rotor blade 126 and a
stator blade 128. In preferred embodiments, the stator blade 128 includes a stator
projection 154 that extends toward the rotor blade 126. The stator projection 154 may
be formed on the inner sidewall 142 of the stator blade 128. In addition, the rotor
blade 126 may include an angel wing projection 152 that extends toward the stator
blade 128. In this configuration, as illustrated, the stator projection 154 may be
described as overhanging the angel wing projection 152. That is, the stator projection
154 and the angel wing projection 152 may be said to axially overlap (i.e., have the
same axially position). The angel wing projection 152, as illustrated, is positioned
inboard of the stator projection 154. As part of the seal, a port 166 may be disposed
on an inboard surface 158 of stator projection 154 and a deflector or deflecting
structure 168 may be positioned on an outboard surface 159 of the angel wing
projection 152.

[129] The port 166 may be configured to direct a fluid expelled therefrom
toward the deflecting structure 168. The deflecting structure 168 may be configured
to receive the fluid (represented by arrow 172 depicting flow direction) expelled from
the port 166 and deflect the fluid toward an inlet 162 of the trench cavity 150. The
fluid expelled by the port 166 may be a coolant, which, typically, is compressed air
bled from the compressor 118. As shown, the port 166 may be configured to fluidly
communicate with an interior cooling channel 164 formed within the stator blade 128.
This may be achieved in any conventional manner. The interior cooling channel 164
may be configured to circulate coolant through the stator blade 128 during operation
of the combustion turbine engine.

[130] In general, the angel wing projection 152 is an axially extending rigid
tooth. As shown in Figure 5, in certain embodiments, the deflecting structure 168
includes a hooking curved portion positioned toward at a distal end of the angel wing
projection 152. The hooking curved portion includes a concave curve that extends
both axially and radially. As illustrated, in a preferred embodiment, the radial
component of the extension of the hooking curved portion is the outboard direction.
The axial component of the extension of the hooking curved portion is in the axial

direction that is away from the rotor blade 126. In other embodiments, the deflecting
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structure 168 includes a canted linear portion positioned at a distal end of the angel
wing projection 152. The canted linear portion may include a linear portion that
extends both axially and radially, which is canted in relation to the port 166. As
illustrated, in a preferred embodiment, the radial component of the extension of the
canted linear portion is the outboard direction, and the axial component of the
extension of the canted linear portion is in the axial direction that is away from the
rotor blade 126.

[131] As illustrated in Figure 6, the port 166 may be canted in the
circumferential direction. In relation to a reference line aimed inboard at the turbine
axis (hereinafter “inboard trained reference line 174”), the port 166 may be
circumferentially canted either against or with the direction of rotation of the rotor
blades. In preferred embodiments, the port 166 is circumferentially canted (or has a
circumferential aimed direction) such that the angle 176 formed with the inboard
trained reference line 174 is between 60° toward (or against) the direction of rotation
of the rotor blades and 60° with the direction of rotation of the rotor blades. In
another preferred embodiment, the port 166 is circumferentially canted with the
direction of rotation of the rotor blades, which, it will be appreciated, may decrease
acrodynamic losses. As stated, in some embodiments, the port 166 may have no
circumferential cant, thereby having a circumferential aimed direction that is the
substantially the same as the inboard aim reference line 174.

[132] As shown in Figure 7, the port 166 may be canted in the axial direction.
As described above, the inboard trained reference line 174 is a reference line
originating at the port 166 that extends precisely in the inboard direction toward the
axis of the turbine, as represented in Figure 7. In certain embodiments, the port 166 is
axially canted (or has an axial aimed direction) within +/- 20° of the inboard trained
reference line 174. In other preferred embodiments, the port 166 is axially canted
within +/- 10° of the inboard trained reference line 174. As stated, in some
embodiments, the port 166 may have no axial cant, thereby having an axial aimed
direction that is the substantially the same as the inboard aim reference line 174.

[133] In relation to the inboard aimed reference line 174, a positive angle 177 for
the axial cant of the port 166 may be said to describe a port 166 aimed away from the
stator blade 128 on which the port 166 is positioned, and a negative angle 177 for the

11
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axial cant of the port 166 may be said to describe a port 166 aimed toward the stator
blade 128 on which the port 166 is positioned. In certain preferred embodiments, the
axial aimed direction of the port 166 includes a positive angle 177, as shown in Figure
7. In certain embodiments, the axial aimed direction of the port 166 includes one
canted in opposition of a flow direction of ingested working fluid traveling from the
inlet of the trench cavity 150 to a wheelspace cavity (an example of which is shown in
Figure 7). More specifically, in certain embodiments, the axial aimed direction of the
port 166 is a positive angle between 5° and 20°. It will be appreciated that the port
166 may be canted in both the axial and circumferential directions, one direction, or in
neither directions.

[134] As shown in Figure 5, the angel wing projection 152 may be disposed on
an upstream side of the rotor blade, and the port 166 may be disposed on the
downstream side of the stator blade. Alternatively, the angel wing projection 152
may be disposed on a downstream side of the rotor blade, and the port 166 may be
disposed on the upstream side of the stator blade.

[135] As one of ordinary skill in the art will appreciate, a combustion turbine
engine typically has at least a plurality of operating conditions. Due to thermal
expansion/contraction, the axial width of the trench cavity 150 typically varies
depending upon the operating condition of the engine. For example, in one mode of
operation, such as when the engine is starting, the temperature of the engine may be
low and the opening of the trench cavity 150 may be at its narrowest. During another
mode of operation, such as when the engine is carrying a high load or output, the
temperature of the engine may be very high and the opening of the trench cavity 150
may be at its widest. It will be appreciated that the variation of the width of the trench
cavity 150 results in the axial alignment of the port 166 and the deflecting structure
168 also varying. In certain preferred embodiments, the port 166 and the deflecting
structure 168 of the angel wing projection 152 may be configured such that, when the
trench cavity 150 has the narrowest opening, the port 166 may be well inside the
deflecting structure 168 of the angel wing projection 152, and, when the trench cavity
150 has the widest opening, the port 166 may be just inside the deflecting structure
168 of the angel wing projection 152. As used herein, the term “inside” describes the

condition where a far edge 185 of the deflecting structure 168 is at a position that
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aligns axially with a near edge 186 of the port 166 such that, in operation, the fluid
exiting the port 166 is inside of the deflecting structure 168 (in relation to the
direction in which the deflecting structure 168 is configured to direct the flow from
the port).

[136] The combustion turbine engine also may include an expected steady state
operating condition which may coincide with a typical or expected load level. In such
cases, the port 166 and the deflecting structure 168 may be configured such that
during the expected steady state operating condition, the port 166 and the deflecting
structure 168 have a preferred axial alignment. As shown in Figures 5 and 6, in
certain embodiments of the present application, the preferred axial alignment includes
an alignment in which an axial position of the port 166 is within the axial range 181
of the deflecting structure 168 (i.c., the range of axial positions covered by the
deflecting structure 168). In other embodiments, the preferred axial alignment
includes an alignment in which the port 166 is aimed at the deflecting structure 168.
[137] In certain embodiments, a longitudinal axis of the angel wing projection
152 is aligned circumferentially and extends continuously along the circumferential
width of the shank. In certain embodiments, the port 166 may include a plurality of
discrete ports 166 spaced along the circumferential width of the sidewall. In other
embodiments, the port 166 includes a slot extending continuously along the
circumferential width of the inner sidewall 142.

[138] In operation, the port 166 and the deflecting structure 168 may be
configured such that the deflected fluid forms an air curtain within the trench cavity
150 that resists the ingestion of a working fluid through the trench cavity 150. Such
flow patterns are represented by the flow arrows 171, 172 of Figure 5.

[139] As one of ordinary skill in the art will appreciate, the many varying
features and configurations described above in relation to the several exemplary
embodiments may be further selectively applied to form the other possible
embodiments of the present invention. For the sake of brevity and taking into account
the abilities of one of ordinary skill in the art, each possible iteration is not herein
discussed in detail, though all combinations and possible embodiments embraced by
the several claims below are intended to be part of the instant application. In addition,

from the above description of several exemplary embodiments of the invention, those
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skilled in the art will perceive improvements, changes and modifications. Such
improvements, changes and modifications within the skill of the art are also intended
to be covered by the appended claims. Further, it should be apparent that the
foregoing relates only to the described embodiments of the present application 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.
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CLAIMS
We claim:

1. A seal in a turbine of a combustion turbine engine, wherein the seal is
formed within a trench cavity defined between a rotor blade and a stator blade,
wherein the stator blade includes a sidewall projection extending toward the rotor
blade and the rotor blade includes an angel wing projection extending toward the
stator blade, the side wall projection overhanging the angel wing projection, the seal
comprising:

a port disposed on an inboard surface of the stator projection; and

deflecting structure disposed on an outboard surface of the angel wing
projection;

wherein:

the port is configured to direct a fluid expelled therefrom toward the
deflecting structure; and
the deflecting structure is configured to receive the fluid expelled from

the port and deflect the fluid toward an inlet of the trench cavity.

2. The combustion turbine engine seal according to claim 1, wherein the
side wall projection axially overlaps the angel wing projection;

wherein the angel wing projection comprises a position inboard of the side
wall projection; and

wherein the fluid comprises a coolant.

3. The combustion turbine engine seal according to claim 2, wherein the
angel wing projection comprises an axially extending rigid tooth;

wherein the deflecting structure comprises a hooking curved portion
positioned toward at a distal end of the angel wing projection;

wherein the hooking curved portion comprises a concave curve that extends
both axially and radially;

wherein the radial component of the extension of the hooking curved portion

comprises an outboard direction; and
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wherein the axial component of the extension of the hooking curved portion

comprises an axial direction that is away from the rotor blade.

4. The combustion turbine engine seal according to claim 2, wherein the
angel wing projection comprises an axially extending rigid tooth;

wherein the deflecting structure comprises a canted linear portion positioned at
a distal end of the angel wing projection;

wherein the canted linear portion comprises a linear portion that extends both
axially and radially;

wherein the radial component of the extension of the canted linear portion
comprises an outboard direction; and

wherein the axial component of the extension of the canted linear portion

comprises an axial direction that is away from the rotor blade.

5. The combustion turbine engine seal according to claim 2, wherein an
inboard aimed reference line comprises a reference line originating at the port and
aimed precisely in the inboard direction;

wherein the port comprises an axial aimed direction within +/- 20° of the
inboard trained reference line; and

wherein the port comprises an circumferential aimed direction within +/- 60°

of the inboard trained reference line.

6. The combustion turbine engine seal according to claim 5, wherein, in
respect to the inboard aimed reference line, a positive angle for the axial aimed
direction of the port comprises one aimed away from the stator blade on which the
port is disposed and a negative angle for the axial aimed direction of the port
comprises one aimed toward the stator blade on which the port is disposed;

wherein the axial aimed direction of the port comprises a positive angle; and

wherein the circumferential aimed direction is with a direction of rotation of

the rotor blade.
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7. The combustion turbine engine seal according to claim 6, wherein the
axial aimed direction of the port comprises a positive angle direction between 5° and

20°.

8. The combustion turbine engine seal according to claim 5,

wherein the axial aimed direction of the port is within +/- 10° of the inboard
trained reference line;

wherein the circumferential aimed direction of the port is within +/- 30° of the

inboard trained reference line;

9. The combustion turbine engine seal according to claim 5, wherein the
axial aimed direction of the port is substantially the same as the inboard aim reference
line; and

wherein the circumferential aimed direction of the port is substantially the

same as the inboard aim reference line.

10.  The combustion turbine engine seal according to claim 2, wherein the
angel wing projection is disposed on an upstream side of the rotor blade and the port

is disposed on the downstream side of the stator blade.

11.  The combustion turbine engine seal according to claim 2, wherein the
angel wing projection is disposed on a downstream side of the rotor blade and the port

is disposed on the upstream side of the stator blade.

12. The combustion turbine engine seal according to claim 2, wherein the
trench cavity comprises an axial gap that extends circumferentially between the
rotating parts and the stationary parts of the turbine;

wherein the trench cavity is formed between the trailing edge of the rotor
blade and the leading edge of the stator blade, and the trailing edge of the stator blade
and the leading edge of the rotor blade;

wherein the inlet of the trench cavity comprises a point at which the trench

cavity intersects a main flow path through the turbine;
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wherein the rotor blade includes an airfoil that resides in a main flow path
through the turbine and interacts with a working fluid flowing therethrough, means
for attaching the rotor blade to a rotor wheel, and, between the airfoil and the means
for attaching, a shank;

wherein the turbine stator blade includes an airfoil that resides in the main
flow path through the turbine and interacts with the working fluid flowing
therethrough and, radially inward of the airfoil, an inner sidewall that forms an inner
boundary of the main flow path and, radially inward of the inner sidewall, a

diaphragm that forms a second seal with one or more rotating components.

13.  The combustion turbine engine seal according to claim 2, wherein:

the turbine engine comprises at least a plurality of operating conditions; and

an axial width of the trench cavity varies depending upon the operating
condition under which the turbine engine operates such that the trench cavity
comprises a narrow width during a first operating condition and a wide width during
a second operating condition;

wherein the port and the deflecting structure of the angel wing projection are
configured such that, when the trench cavity comprises the narrow width, the port is
well inside the deflecting structure of the angel wing projection; and

wherein the port and the deflecting structure of the angel wing projection are
configured such that, when the trench cavity comprises the wide width, the port is just

inside the deflecting structure of the angel wing projection.

14.  The combustion turbine engine seal according to claim 13, wherein the
turbine engine comprises an expected steady state operating condition; and

wherein the port and the deflecting structure are configured such that during
the expected steady state operating condition, the port and the deflecting structure

comprise a preferred axial alignment.
15.  The combustion turbine engine seal according to claim 14, the

preferred axial alignment comprises an alignment in which an axial position of the

port falls within an axial range of the deflecting structure.
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16.  The combustion turbine engine seal according to claim 14, wherein the
preferred axial alignment comprises one in which the port is aimed at the deflecting
structure; and

wherein an axial aimed direction of the port comprises one canted in
opposition of a flow direction of ingested working fluid traveling from the inlet of the

trench cavity to a wheelspace cavity.

17.  The combustion turbine engine seal according to claim 14, wherein the
port is configured to fluidly communicate with an interior cooling channel formed
within the stator blade, the interior cooling channel being configured to circulate the
coolant through the stator blade during operation of the combustion turbine engine;
and

wherein the port and the deflecting structure are configured such that, in
operation, the deflected fluid forms an air curtain within the trench cavity that resists

the ingestion of a working fluid through the trench cavity.

18.  The combustion turbine engine seal according to claim 14, wherein a
far edge of the deflecting structure comprises a position that aligns axially with a near
edge of the port such that, in operation, substantially all of the fluid exiting the port is

aimed inside of the deflecting structure.

19.  The combustion turbine engine seal according to claim 2, wherein the
angel wing projection extends along a circumferential width of the shank, and the port
comprises a plurality of discrete ports spaced along a circumferential width of the

sidewall.

20.  The combustion turbine engine seal according to claim 2, wherein the
angel wing projection extends along a circumferential width of the shank, and the port

comprises a slot extending along a circumferential width of the sidewall.
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21. A combustion turbine engine that includes a seal formed within a
trench cavity defined between a rotor blade and a stator blade, wherein the stator
blade includes a sidewall projection extending toward the rotor blade and the rotor
blade includes an angel wing projection extending toward the stator blade, the side
wall projection overhanging the angel wing projection, the seal further comprising:

a port disposed on an inboard surface of the stator projection; and

deflecting structure disposed on an outboard surface of the angel wing
projection;

wherein:

the port is configured to direct a fluid expelled therefrom in an inboard
direction and toward the deflecting structure; and

the deflecting structure is configured to receive the fluid expelled from
the port and deflect the fluid such that the fluid opposes a flow direction of ingested
working fluid that otherwise is traveling from the inlet of the trench cavity to a

wheelspace cavity.
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