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(57) Abstract: A cooling system comprising: a component (128) having an
inner wall (130) and an outer wall (132) spaced apart from one another; a
plurality of pedestals (138) extending between the inner and outer walls; a
plurality of inner trip strips (134) projecting from the inner wall towards the
outer wall at a predetermined height; a plurality of outer trip strips (136) pro-
jecting from the outer wall towards the inner wall at a predetermined height,
wherein one of either an inner trip strip or an outer trip strip extends between
adjacent pedestals; at least one inlet through aperture (118) formed in the in-
ner wall of the component operable for transporting a cooling fluid into a
space between the inner and outer walls of the component; and a plurality of
outlet through apertures (116) formed in the outer wall of the component op-
erable for transporting the cooling fluid out of the space between the inner
and the outer walls of the component;, wherein at least one of the inlet
through apertures and outlet through apertures is located in one of an inner
well and an outer well, respectively, wherein the inner well is bounded on all
sides by a plurality of inner trip strips, and wherein the outer well is bounded
on all sides by a plurality of outer trip strips.



WO 2014/143374 PCT/US2014/010048

-
COOLING SYSTEM AND METHOD WITH TRIP STRIPS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional
Patent Application Number 61/781,257, filed on March 14, 2013, the disclosure of
which is now expressly incorporated herein by reference, and U.S. Patent Application
Number 14/145,655, filed December 31, 2013, the disclosure of which is now
expressly incorporated herein by reference.

TECHICAL FIELD
[0002] The present disclosure relates to an augmented cooling system and
more particularly, to an augmented cooling system for use in dual wall components

operating in high temperature applications such as gas turbine engines and the like.

BACKGROUND

[0003] Gas turbine engine designers continuously work to improve engine
efficiency, to reduce operating costs of the engine, and to reduce specific exhaust gas
emissions such as NOx, CO2, CO, unburned hydrocarbons, and particulate matter.
The specific fuel consumption (SFC) of an engine is inversely proportional to the
overall thermal efficiency of the engine, thus, as the SFC decreases the fuel efficiency
of the engine increases. The thermal efficiency of a turbofan engine is a function of
component efficiencies, cycle pressure ratio, and turbine inlet temperature. As
temperatures increase in the gas turbine system, augmented cooling of certain
components can be required. Gas turbine power systems remain an area of interest
for technology improvement. Some existing gas turbine power systems have various
shortcomings, drawbacks, and disadvantages relative to certain applications.
Accordingly, there remains a need for further contributions in this area of technology.

SUMMARY

[0004] The present disclosure may comprise one or more of the following
features and combinations thereof. One embodiment of the present disclosure is a
unique cooling system for high temperature applications. Another embodiment

includes a gas turbine engine having an augmented cooling system for cooling certain
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high temperature components. Other embodiments include unique apparatuses,
systems, devices, hardware, methods, and combinations for gas turbine engine power
systems. Further embodiments, forms, features, aspects, benefits, and advantages of
the present application shall become apparent from the following description and
drawings. An illustrative aspect of the disclosure comprises an illustrative cooling
system. The cooling system illustratively comprises: a component having an inner
wall and an outer wall spaced apart from one another; a plurality of pedestals
extending between the inner and outer walls; a plurality of inner trip strips projecting
from the inner wall towards the outer wall at a predetermined height; a plurality of outer
trip strips projecting from the outer wall towards the inner wall at a predetermined
height, wherein one of either an inner trip strip or an outer trip strip extends between
adjacent pedestals; at least one inlet through aperture formed in the inner wall of the
component operable for transporting a cooling fluid into a space between the inner and
outer walls of the component; and a plurality of outlet through apertures formed in the
outer wall of the component operable for transporting the cooling fluid out of the space
between the inner and the outer walls of the component; wherein at least one of the
inlet through apertures and outlet through apertures is located in one of an inner well
and an outer well, respectively, wherein the inner well is bounded on all sides by a
plurality of inner trip strips, and wherein the outer well is bounded on all sides by a
plurality of outer trip strips. Another illustrative aspect of the disclosure comprises an
illustrative gas turbine engine. The engine illustratively comprises: a component
having first and second walls spaced apart from one another; a plurality of cooling fluid
pathways formed between the first and second walls of the component, wherein the
cooling fluid pathways include: a plurality of pedestals connected to each of the first
and second walls; a plurality of first trip strips connected to the first wall and extending
between a plurality of pairs of adjacent pedestals, a height of the plurality of first trip
strips insufficient to reach the second wall; and a plurality of second trip strips
connected to the second wall and extending between a plurality of pairs of adjacent
pedestals a height of the plurality of second trip strips insufficient to reach the first wall;
wherein a pattern of one of the plurality of first trip strips and the plurality of second trip
strips forms a closed shape having an open interior bounded by the plurality of first trip
strips and second trip strips, respectively. Yet another illustrative aspect of the
disclosure comprises an illustrative method for cooling a component. The method
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illustratively comprises: transporting a cooling fluid to a cooling pathway formed
between two opposing spaced apart walls of the dual walled component; deflecting a
portion of the cooling fluid away from one wall of the cooling pathway with a first trip
strip as the cooling fluid traverses along the cooling pathway; deflecting a portion of the
cooling fluid away from the opposing wall of the cooling pathway with a second trip
strip as the cooling fluid continues traversing along the cooling pathway; discharging
the cooling fluid out of the cooling pathway through the opposing wall of the dual
walled component; wherein one of the transporting and discharging includes passing
the cooling fluid through a well enclosed by a collection of one of a plurality of first trip
strips and a plurality of second trip strips, respectively. These and other features of the
present disclosure will become more apparent from the following description of the

illustrative embodiments.

BRIEF DESCRIPTION OF THE FIGURES

[0005] The description herein makes reference to the accompanying drawings
wherein like reference numerals refer to like parts throughout the several views, and
wherein:

[0006] Fig. 1 is a schematic cross-sectional side view of a turbofan engine
having cooled dual wall components according to an embodiment of the present
disclosure;

[0007] Fig. 2 is a perspective view of a representative dual wall component in
the form of a vane segment according to an embodiment of the present disclosure;
[0008] Fig. 3 is a cross-sectional view of a portion of a dual wall component
according to an embodiment of the present disclosure;

[0009] Fig. 4 is a cutaway view of a portion of a dual wall component according
to an embodiment of the present disclosure;

[0010] Fig. 5 is a schematic showing an optional grid pattern for an augmented
cooling system according to an embodiment of the present disclosure;

[0011] Fig. 6 is an exploded perspective view of a portion of a dual wall
component according to an embodiment of the present disclosure; and

[0012] Fig. 7 illustrates patterns formed by trip strips.

DETAILED DESCRIPTION OF REPRESENTATIVE EMBODIMENTS
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[0013] For purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the drawings,
and specific language will be used to describe the same. It will nonetheless be
understood that no limitation of the scope of the invention is intended by the illustration
and description of certain embodiments of the invention. In addition, any alterations
and/or modifications of the illustrated and/or described embodiment(s) are
contemplated as being within the scope of the present invention. Further, any other
applications of the principles of the invention, as illustrated and/or described herein, as
would normally occur to one skilled in the art to which the invention pertains, are
contemplated as being within the scope of the present invention.

[0014] When the terms “upper and lower” or similar words describing orientation
or relative positioning are used in this disclosure, it should be read to apply to the
relative location in a particular view and not as an absolute orientation of a particular
portion of a dual wall component in operation.

[0015] Referring to Fig. 1, a schematic view of a gas turbine engine configured
as a turbofan engine 10 is depicted. While the turbofan engine 10 is illustrated in
simplistic schematic form, it should be understood that the present disclosure including
a novel cooling system is not limited to any particular engine design or configuration
and as such may be used with any form of gas turbine engine such as turboprops,
turbojets, unducted fan engines, and others having a range of complexities including
multiple spools (multiple turbines operationally connected to multiple compressors),
variable geometry turbomachinery, and in commercial or military applications. Further
the novel cooling system defined by the present disclosure can be used in other
systems that operate in hot environments wherein cooling of certain components is
required to provide structural and operational integrity.

[0016] The turbofan engine 10 will be described generally as one embodiment
of the present disclosure, however significant details regarding gas turbine engine
design and operation will not be presented herein as it is believed that the theory of
operation and general parameters of gas turbine engines are well known to those of
ordinary skill in the art. The turbofan engine 10 includes an inlet section 12, a fan
section 13, a compressor section 14, a combustor section 16, a turbine section 18, and
an exhaust section 20. In operation, air illustrated by arrows 22 is drawn in through the
inlet 12 and passes through at least one fan stage 24 of the fan section 13 where the
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ambient air is compressed to a higher pressure. After passing through the fan section
13, the air can be split into a plurality of flowstreams. In this exemplary embodiment,
the airflow is spilt into a bypass duct 26 and a core passageway 28. Airflow through
the bypass duct 26 and the core passageway 28 is illustrated by arrows 30 and 32
respectively. The bypass duct 26 encompasses the core passageway 28 and can be
defined by an outer circumferential wall 34 and an inner circumferential wall 36. The
bypass duct 26 can also include a bypass nozzle 42 operable for creating a pressure
differential across the fan 24 and for accelerating the bypass airflow 30 to provide
bypass thrust for the turbofan engine 10.

[0017] The core airflow 32 enters the core passageway 28 after passing through
the fan section 13. The core airflow is then further compressed in the compressor
section 14 to a higher pressure relative to both ambient pressure and the air pressure
in the bypass duct 26. The air is mixed with fuel in the combustor section 16 wherein
the fuel/air mixture burns and produces a high temperature working fluid from which
the turbine section 18 extracts power. The turbine section 18 can include low pressure
turbine 50 mechanically coupled to the fan section 13 through a low pressure shaft 52
and a high pressure turbine 54 mechanically coupled to the compressor section 14
through a high pressure shaft 56. The shafts 52, 56 rotate about a centerline axis 60
that extends axially along the longitudinal axis of the engine 10, such that as the
turbine section 18 rotates due to the forces generated by the high pressure working
fluid, the fan section 13 and compressor section 14 section are rotatingly driven by the
turbine section 18 to produce compressed air. After passing through the turbine
section 18, the core exhaust flow represented by arrow 62 is accelerated to a high
velocity through a core exhaust nozzle 64 to produce thrust for the turbofan engine 10.
[0018] Referring now to FIG. 2, a vane segment 100 is illustrated as an
exemplary component having a dual wall construction with a cooling fluid flowpath
formed therebetween as will be described in detail below. The vane segment 100 can
include an outer end wall 110 and an inner end wall 112 proximate a tip and a hub
respectively of a vane 114. The end walls 110, 112 can be configured to operably
connect with support structure (not shown) of the engine 10. A plurality of outlet
cooling holes 116 can be formed along the outer surface of the vane 114 and the end
walls 110, 112 to eject cooling fluid 120 from the vane segment 100 and into a hot fluid
flowpath 119. The hot fluid flowpath 119 can be bounded by the outer vane end wall
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110 and the inner vane end wall 112. High temperature fluid such as exhaust gas from
a combustion section as illustrated by arrow 122 can flow through the hot fluid flowpath
119 and transfer heat into the vane segment 100. Cooling fluid 120, such as air or the
like can be provided to the vane segment 100, by way of example and not limitation
through an inlet aperture or a plurality of inlet cooling holes 118 formed in one or both
of the end walls 110, 112.

[0019] Referring now to FIG. 3, a portion of a dual wall component 128
illustrating a cooling fluid flowpath 131 formed between an inner wall 130 and an outer
wall 132 of the dual wall component 128 is shown in cross-section. The inner wall 130
can be spaced apart from the outer wall 132 at desired distance to form the cooling
fluid flowpath or passageway 131. The inner and outer walls 130,132 include cooling
flowpath surfaces 133 and 135, respectively to form upper and lower boundaries for
the cooling fluid flowpath 131. The cooling fluid 120 can flow across the cooling
flowpath surfaces 133, 135 and remove heat from the dual wall component 128 though
convection heat transfer means. A plurality of inner trip strips 134 can be formed
adjacent the cooling flowpath surface 133 of the inner wall 130. A plurality of outer trip
strips 136 can be formed adjacent the cooling flowpath surface 135 of the outer wall
132. As can be seen with the arrows in FIG. 3, the cooling fluid 120 can enter an inlet
through aperture or hole 118 and flow through the cooling fluid flowpath 131 in multiple
directions. The cooling fluid 120 can in alternating fashion pass over an inner trip strip
134 and under an outer trip strip 136 one or more times prior to exiting through an
outlet cooling hole 116. In the exemplary embodiment, the inner trip strips 134 are
positioned in alternating fashion with outer trip strips 136 such that the cooling fluid 120
passes over an inner trip strip 134 and under an outer trip strip 136 in consecutive
order, however it should be understood that other configurations are contemplated by
the present disclosure such as placing a series of inner trip strips 134 and/or a series
of outer strips 136 in consecutive order along the fluid flowpath 131.

[0020] The outer wall 132 of the dual wall segment 128 includes a hot flowpath
surface 137 to form a boundary for hot fluid flow 122 (shown in FIG. 2) to pass across.
After traversing a series of inner and outer trip strips 134, 136 the cooling fluid 120 can
exit the dual wall component 128 through outlet cooling holes 116 and into the hot
flowpath 119 (see FIG. 2). The outlet cooling holes 116 can be configured in such a
way as to direct the cooling fluid 122 across the outer surface 137 of the outer wall
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132. In this manner the cooling fluid 120 can film cool and partially insulate the outer
wall 132 from the hot fluid flow 122.

[0021] As will be appreciated given various of the embodiments discussed
below, the trip strips 134, 136 can intersect each other whereupon the union of the trip
strips 134, 136 form a pedestal that extends between the inner wall 130 and outer wall
132. The trip strips 134 and/or 136 can be in arranged in a variety of patterns as will
be evident in the embodiments described and illustrated below. For example, FIG. 4
shows a closed square formed by trip strips 134 that surround cooling hole 118 on the
inner wall 130. Formed on the outer wall 132, trip strips 136 are arranged in a closed
Maltese cross pattern that covers the square shape formed by trip strips 134 that
surround the cooling hole 118. The Maltese cross pattern formed by the trip strips 136
are located in the upper portion of the figure, where a portion of the Maltese cross is
not illustrated for sake of convenience. FIG. 7 illustrates patterns of squares and
Maltese crosses formed by trip strips 134, 136 located on both the inner wall 130 and
outer wall 132. The pattern can be designed in a symmetric and repeatable pattern
throughout the cooling fluid flowpath, but not all embodiments need be symmetric and
repeatable. FIG. 7 illustrates that the cooling holes 116 and 118 can be surrounded by
trip strips in such a fashion that the trip strips form a recess well in which the cooling
holes are located. The recessed well can be formed solely by trip strips, and in some
forms can be bounded by a collection of trip strips and pedestals, whether the
pedestals are formed by a union of opposing trip strips or have a shape different than a
union of opposing trip strips.

[0022] Referring now to FIG. 4, a partial perspective cut-away of a portion of the
cooling flowpath 131 is shown therein. The cooling fluid illustrated by arrows 120 is
shown entering the cooling flowpath 131 through an inlet aperture 118 formed in the
inner wall 130. From there, the cooling fluid 120 can disperse in all directions as
illustrated by the arrows pointing in a 360° patten. Each of the various flow streams
represented by arrows 120 of the cooling fluid can traverse across inner trip strips 134
and under outer trip strips 136 one or more times prior to exiting out of the outer
cooling hole 116. In one exemplary embodiment of the present disclosure, flow
streams formed in the cooling flowpath 131 can include passage across several trip
strips both inner 134 and outer 136 prior to exiting the dual wall component 128. In
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another exemplary embodiment, a flowstream may pass across only one inner trip strip
134 and/or only one outer trip strip 136 prior exiting through an outlet cooling hole 116.
[0023] Referring now to FIG. 5, a schematic of an optional grid system 140 for
a cooling fluid flowpath 131 is shown. The grid system 140 includes a plurality of
pedestals 138 spaced apart from one another throughout the cooling fluid flowpath
131. A plurality of inner trip strips 134 and outer trip strips 136 are positioned in
predetermined locations between the pedestals 138. Each pedestal has either an
inner trip strip 134 or an outer trip strip 136 extending therefrom to an adjacent
pedestal 138. The pedestals 138 extend laterally between the inner wall 130 and the
outer wall 132 of the dual wall component 128 (best seen in FIG. 6) to space apart the
walls 130, 132 a desired distance away from one another and thus define a space for
the cooling fluid flowpath 131.

[0024] The schematic grid system 140 provides for a plurality of inlet cooling
holes 118 and outlet cooling holes 116 positioned at predetermined locations between
the pedestals 138. It can be seen in the disclosed embodiment that the grid system
140 can include four pedestals 138 surrounding each inlet cooling hole 118 in the inner
wall 130 and each outlet cooling hole 116 in the outer wall 132. The pattern of
pedestal 138 and cooling hole 116, 118 placements can be designed in a symmetric
and repeatable pattern throughout the cooling fluid flowpath 131. In alternate
embodiments of the grid system 140, the distance between the pedestals 138 can be
varied such that the pattern is not uniform, symmetrical or repeatable across the
cooling fluid flowpath 131. Further the size and shape of the pedestals 138 as well as
the trip strips 134, 136 can be varied across the cooling fluid flowpath 131. By way of
example and not limitation, the size, length and shape of the trip strips 134, 136 and
the pedestals 138 can be varied in such a way as to permit each cooling through hole
116, 118 to substantially be surrounded by three pedestals 138. Other forms of
exemplary grid systems 140 can include five or more pedestals 138 per inlet and/or
outlet through hole, 118, 116 respectively. Yet another example of a grid system can
include a variable number of pedestals formed about each of the cooling holes 116,
118 throughout a length of the cooling fluid flowpath 131.

[0025] Refer now to Fig 6, a perspective exploded view of a portion of the dual
wall component 128 is shown therein. A source of cooling fluid 120 can be provided to
a region proximate an outer surface 139 opposite of the inner surface 133 of the inner
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wall 130. The cooling fluid flow 120 can enter the cooling flow passageway 131
through one or more inlet apertures 118 formed in the inner wall 130 of the dual wall
component 128. After entering the cooling passageway 131, the cooling fluid 120 can
traverse in any direction as portrayed by the double dual arrow 131. After entering the
cooling fluid passageway 131 formed between the dual walls 130, 132, cooling fluid
120 can traverse past a plurality of inner and outer trip strips 134, 136 respectively
causing an increase in flow turbulence and a change in trajectory of the cooling fluid
120 as each trip strip 134, 136 is passed. Prior to finding an exit pathway out of an
outlet hole 116 in the outer wall 132 the cooling fluid 120 can traverse past at least one
inner 134 trip strip and/or one outer 136 trip strip.

[0026] The cooling fluid 120 provides a heat sink for the dual wall component
128 such that heat is transferred from the walls 130, 132 to the cooling fluid 120
through convection heat transfer means as the cooling fluid 120 traverses across the
cooling fluid flowpath 131. The cooling fluid 120 can also provide film cooling to the
outer surface 137 of the outer wall 132 adjacent the hot flowpath 119 (best seen in
FIG. 2). The film cooling can limit the heat transferred to the outer wall 132 from the
hot fluid flow 122 traversing through the hot fluid flowpath 119.

[0027] The dual wall component 128 can be constructed with an inner wall 130
and an outer wall 132 spaced apart at a distance defined by the height of the pedestals
138 positioned therebetween. Each pedestal 138 can have a substantially similar
height to form a cooling fluid passageway 131 that has a constant cross-sectional flow
area. Alternatively, the pedestals 138 can vary in height at predetermined locations
throughout the cooling fluid passageway 131 such that the cross-sectional flow area
can vary along the passageway 131. The pedestals 138 and the trip strips 134, 136
can be cast in place with the inner and outer walls 130, 132 through known casting
techniques or separately formed and joined through common joining processes known
to those skilled in the art such as welding, hipping, brazing, or other means to
permanently fix the features in place.

[0028] The augmented cooling system of the present disclosure can be
implemented with any dual wall component having cooling fluid traversing between the
two walls to provide cooling to a component operating in a hot environment. The dual
wall component is not limited to any particular material selection, but typically if it is
metal based it will include a nickel or a cobalt based alloy. Other metal alloys and/or
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ceramic, ceramic matrix, or metal matrix composites can also be used with the
augmented cooling system of the present disclosure. Further, while the exemplary
embodiments illustrated in the drawings show trip strips and pedestals with square or
rectangular cross-sections, it should be understood that any desired cross-sectional
shape or size of the trip strips and/or the pedestals can be used and fall under the
teachings and claims of the present disclosure. By way of example and not limitation,
shapes of the trip strips and pedestals can include circular, triangular, multi-angled
surfaces, or even thin elongated fin type structures. The detailed design
considerations will include maximizing heat transfer to the cooling fluid through
conduction and convection heat transfer methods. Typically the more turbulent the
cooling fluid flow becomes, the higher the convective heat transfer coefficient, however
increasing the turbulence by changing the number, size and configuration of the trip
strips and pedestals must include a trade off against pressure losses and flow rate
reductions through the internal cooling passageway.

[0029] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to the disclosed embodiment(s), but
on the contrary, is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the appended claims, which
scope is to be accorded the broadest interpretation so as to encompass all such
modifications and equivalent structures as permitted under the law. Furthermore it
should be understood that while the use of the word preferable, preferably, or preferred
in the description above indicates that feature so described may be more desirable, it
nonetheless may not be necessary and embodiment lacking the same may be
contemplated as within the scope of the invention, that scope being defined by the
claims that follow. In reading the claims it is intended that the words such as "a," "an,"
"at least one" and "at least a portion" are used, there is no intention to limit the claim to
only one item unless specifically stated to the contrary in the claim. Further, when the
language "at least a portion" and/or "a portion" is used the item may include a portion
and/or the entire item unless specifically stated to the contrary.
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CLAIMS
WHAT IS CLAIMED IS:

1. A cooling system comprising:

a component having an inner wall and an outer wall spaced apart from
one another;

a plurality of pedestals extending between the inner and outer walls;

a plurality of inner trip strips projecting from the inner wall towards the
outer wall at a predetermined height;

a plurality of outer trip strips projecting from the outer wall towards the
inner wall at a predetermined height,

wherein one of either an inner trip strip or an outer trip strip extends
between adjacent pedestals;

at least one inlet through aperture formed in the inner wall of the
component operable for transporting a cooling fluid into a space between the inner and
outer walls of the component; and

a plurality of outlet through apertures formed in the outer wall of the
component operable for transporting the cooling fluid out of the space between the
inner and the outer walls of the component;

wherein at least one of the inlet through apertures and outlet through
apertures is located in one of an inner well and an outer well, respectively, wherein the
inner well is bounded on all sides by a plurality of inner trip strips, and wherein the
outer well is bounded on all sides by a plurality of outer trip strips.

2. The cooling system of claim 1, further comprising:

a plurality of internal fluid paths formed between the inlet through
apertures and the outlet through apertures, each internal fluid path having at least one
inner trip strip and at least one outer trip strip positioned along the path thereof.

3. The cooling system of claim 1, wherein each pedestal engages

the inner wall and the outer wall of the component.
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4. The cooling system of claim 1, wherein each pedestal and each
trip strip is fixed to at least one of the inner wall and the outer wall of the component
through one of welding, brazing or other mechanical means.

5. The cooling system of claim 1, wherein a plurality of pedestals
and/or a plurality of trip strips are formed in a casting process with at least one of the

inner wall and the outer wall of the component.

6. The cooling system of claim 1, wherein the height of the inner and
outer trip strips is less than a height of the pedestals.

7. The cooling system of claim 1, wherein the pedestals and trip
strips have a cross sectional shape that includes at least one of a square, rectangle,
triangle, circle, or other shape having a polygon exterior.

8. The cooling system of claim 1, wherein the component is located

in a heat producing system.

9. The cooling system of claim 8, wherein the heat producing system

iS a gas turbine engine.

10. A gas turbine engine comprising:

a component having first and second walls spaced apart from one
another;

a plurality of cooling fluid pathways formed between the first and second
walls of the component, wherein the cooling fluid pathways include:

a plurality of pedestals connected to each of the first and second walls;

a plurality of first trip strips connected to the first wall and extending
between a plurality of pairs of adjacent pedestals, a height of the plurality of first trip
strips insufficient to reach the second wall; and

a plurality of second trip strips connected to the second wall and
extending between a plurality of pairs of adjacent pedestals a height of the plurality of
second trip strips insufficient to reach the first wall;
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wherein a pattern of one of the plurality of first trip strips and the plurality
of second trip strips forms a closed shape having an open interior bounded by the

plurality of first trip strips and second trip strips, respectively.

11.  The gas turbine engine of claim 10, further comprising:

at least one through aperture formed in each of the first and second walls
of the component to permit cooling fluid to flow therethrough, and wherein the pattern
of one of the plurality of first trip strips and the plurality of second trip strips includes at

least one of the plurality of pedestals.

12.  The gas turbine engine of claim 10, wherein each cooling pathway
is defined by an inlet through aperture in one of the first and second walls, at least one

trip strip and an outlet through aperture in the other of the first and second walls.

13.  The gas turbine engine of claim 12, wherein cooling fluid is fed
into one or more cooling pathways of the component through the inlet through
aperture, traverses across one or more trip strips and exits the cooling pathway
through one or more outlet through aperture.

14.  The gas turbine engine of claim 10, wherein cooling fluid traverses
into the component through an inlet through aperture, passes across at least one of
the plurality of first trip strips and at least one of the plurality of second trip strips before
exiting the component through an outlet through aperture.

15. The gas turbine engine of claim 10, wherein the plurality of
pedestals, the plurality of first trip strips, and the plurality of second trip strips have
varying configurations of size and shape throughout the cooling fluid pathways.

16. The gas turbine engine of claim 10, wherein the component
includes a hot section component in at least one of a combustor section, a turbine

section and/or an exhaust section of a gas turbine engine.

17. A method for cooling a dual walled component comprising:
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transporting a cooling fluid to a cooling pathway formed between two
opposing spaced apart walls of the dual walled component;

deflecting a portion of the cooling fluid away from one wall of the cooling
pathway with a first trip strip as the cooling fluid traverses along the cooling pathway;

deflecting a portion of the cooling fluid away from the opposing wall of the
cooling pathway with a second trip strip as the cooling fluid continues traversing along
the cooling pathway;

discharging the cooling fluid out of the cooling pathway through the
opposing wall of the dual walled component;

wherein one of the transporting and discharging includes passing the
cooling fluid through a well enclosed by a collection of one of a plurality of first trip

strips and a plurality of second trip strips, respectively.

18.  The method of claim 17 further comprising:
film cooling an outer surface of one of the opposing walls with the cooling
fluid discharged from the dual walled component.

19.  The method of claim 17 further comprising:
generating turbulence in the cooling fluid with each of the trip strips.

20.  The method of claim 17 further comprising:
transferring heat from the dual walled component to the cooling fluid as
the cooling fluid traverses through the cooling pathway.

21.  The method of claim 17 further comprising:
forming trip strips with a geometric configuration to increase heat transfer
from the dual walled component into the cooling fluid.



WO 2014/143374 PCT/US2014/010048

1/5
woow d
12 k\)\ () ~—<L jzo
N |32 14 36 50
(v @Z
§=(> ~
o - — )Cé \ajtb
L
2 [N b_—;|/ S Q/ 60
r'_“C_)—_.“> / /;?
) S b4
13N / 59 1
|~ ‘ e
& FIG. 1
120 100

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/010048

WO 2014/143374

2/5

{
130

120

N/

¢

<=y
W} I
134

A\

0777, 77

“ N

7
7

116
( cx
7

Z

13
(
i
P

135 133

/
7

T

FIG. 3

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2014/143374 PCT/US2014/010048

3/5

—
D
o~

1

D

-

138 38

Ne——F€ )

s
”6\——/'"@ Of\__/llb
\\ ,
136 134 1] 0
FIG. 5

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/010048

WO 2014/143374

132

116

A7

.»‘w io‘.w‘ Tl
NN NS
s

\‘v \ \.‘ \’
44‘ ‘44‘5 O Ao

O A A

%‘4«»@ 40»..»,04’« A
SRR
by,

S,

A
-,
-~

’ e
HE]
7
o0
o

1

FIG. 6

139

SUBSTITUTE SHEET (RULE 26)



WO 2014/143374

——aCOOLING AIR DIRECTION

5/5

A: HOLE ON THE SPAR (INNER WALL)

B: HOLE ON THE COVER SHEET

(OUTER WALL)

i)

RIBS ON THE SPAR (INNER WALL)

RIBS ON THE COVER SHEET (OUTER WALL)

STACKED COVER SHEET AND SPAR RIBS

PCT/US2014/010048

SUBSTITUTE SHEET (RULE 26)

N
S i
ob e
i L
S . i
i) i
Sl i
AN e
S i
RIB PATTERN
FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/010048

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO1D5/18 FO1D25/12
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO1D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 1 533 481 A2 (GEN ELECTRIC [US])
25 May 2005 (2005-05-25)
paragraphs [012k], [0014],
figure 10

10,15-21
[0015]; 1-9,
11-14
WO 98/25009 Al (SIEMENS AG [DE]; HAENDLER
MICHAEL [DE]; SCHEURLEN MICHAEL [DE])

11 June 1998 (1998-06-11)

page 8, line 27 - page 9, line 2; figures
1-3

1-3,5-9,
11-14

US 4 184 326 A (PANE FRANCIS C JR [US] ET
AL) 22 January 1980 (1980-01-22)
figure 2

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be

special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 April 2014

Date of mailing of the international search report

17/04/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Teusch, Reinhold

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/010048

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 7 690 894 B1 (LIANG GEORGE [US])

6 April 2010 (2010-04-06)

column 2, line 54 - column 3, line 22;
figures 1-4

US 4 407 632 A (LIANG GEORGE P [US])

4 October 1983 (1983-10-04)

column 2, lines 6-33; figures 2-4

EP 1 640 563 A2 (UNITED TECHNOLOGIES CORP
[US]) 29 March 2006 (2006-03-29)
paragraphs [0017], [0019]; figures 3-7
EP 2 540 972 Al (ALSTOM TECHNOLOGY LTD
[CH]) 2 January 2013 (2013-01-02)

figure 2

JP 2012 189085 A (IHI CORP)

4 October 2012 (2012-10-04)

figures 1,2,5

GB 2 358 226 A (ALSTOM POWER [CH] ALSTOM
POWER [CH]; ALSTOM [CH])

18 July 2001 (2001-07-18)

figures 3-5

10

1-21

1-21

1-21

1-21

1-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/010048
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1533481 A2 25-05-2005  EP 1533481 A2 25-05-2005
JP 4521720 B2 11-08-2010
JP 2005147157 A 09-06-2005

WO 9825009 Al 11-06-1998  EP 0954680 Al 10-11-1999
JP 4027430 B2 26-12-2007
JP 2001505275 A 17-04-2001
WO 9825009 Al 11-06-1998

US 4184326 A 22-01-1980  NONE

US 7690894 Bl 06-04-2010  NONE

US 4407632 A 04-10-1983  NONE

EP 1640563 A2 29-03-2006 CA 2510810 Al 20-03-2006
CN 1752415 A 29-03-2006
EP 1640563 A2 29-03-2006
JP 2006090302 A 06-04-2006
KR 20060053869 A 22-05-2006
SG 121037 Al 26-04-2006
W 1279478 B 21-04-2007
US 2006060334 Al 23-03-2006
US 2010186419 Al 29-07-2010

EP 2540972 Al 02-01-2013  CH 705185 Al 31-12-2012
CN 102852562 A 02-01-2013
EP 2540972 Al 02-01-2013
JP 2013011278 A 17-01-2013
US 2013004332 Al 03-01-2013

JP 2012189085 A 04-10-2012 JP 5360265 B2 04-12-2013
JP 2012189085 A 04-10-2012

GB 2358226 A 18-07-2001  DE 10001109 Al 19-07-2001
GB 2358226 A 18-07-2001
US 2001016162 Al 23-08-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

