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TURBINE BLADE WITH NEAR WALL
MICROCIRCUIT EDGE COOLING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This mnvention relates generally to a micro-circuit
cooling channel for providing cooling 1n a leading edge and
trailing edge of a turbine blade and, more particularly, to a
micro-circuit cooling channel including a flow channel hav-
ing cross-pins that provides double wall cooling for both a
leading edge and trailing edge of a turbine blade.

[0003] 2. Discussion of the Related Art

[0004] The world’s energy needs continue to rise which
provides a demand for reliable, affordable, efficient and envi-
ronmentally-compatible power generation. A gas turbine
engine 1s one known machine that provides efficient power,
and often has application for an electric generator 1n a power
plant, or engines 1n an aircrait or a ship. A typically gas
turbine engine includes a compressor section, a combustion
section and a turbine section. The compressor section pro-
vides a compressed air tlow to the combustion section where
the air 1s mixed with a fuel, such as natural gas, and 1gnited to
create a hot working gas. The working gas expands through
the turbine section and 1s directed across rows of blades
therein by associated vanes. As the working gas passes
through the turbine section, 1t causes the blades to rotate,
which 1n turn causes a shaft to rotate, thereby providing
mechanical work.

[0005] The temperature of the working gas 1s tightly con-
trolled so that it does not exceed some predetermined tem-
perature for a particular turbine engine design because to high
of a temperature can damage various parts and components 1n
the turbine section of the engine. However, 1t 1s desirable to
allow the temperature of the working gas to be as high as
possible because the higher the temperature of the working
gas, the faster the flow of the gas, which results in a more
elficient operation of the engine.

[0006] In certain gas engine turbine designs, a portion of
the compressed air tlow 1s also used to provide cooling for
certain components in the turbine section, typically the vanes,
blades and ring segments. The more cooling and/or the more
elficient cooling that can be provided to these components
allows the components to be maintained at a lower tempera-
ture, and thus the higher the temperature of the working gas
can be. For example, by reducing the temperature of the
compressed gas, less compressed gas 1s required to maintain
the part at the desired temperature, resulting 1 a higher work-
ing gas temperature and a greater power and efficiency from
the engine. Further, by using less cooling air at one location in
the turbine section, more cooling air can be used at another
location 1n the turbine section. In one known turbine engine
design, 80% of the compressed air flow 1s mixed with the fuel
to provide the working gas and 20% of the compressed air
flow 1s used to cool the turbine section parts. If less of that
cooling air 1s used at one particular location as a result of the
cooling air being lower 1n temperature, then more cooling air
can be used at other areas 1n the turbine section for increased
cooling.

[0007] Itis known in the art to provide a serpentine cooling
airflow channel within the blades 1n the turbine section, where
the air flows up one channel and down an adjacent channel in
a back and forth motion before the cooling air exits the blade.
It 1s also known 1n the art to provide a “shower head” cooling
channel at the leading edge of a turbine blade, where air flows
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into the channel and out of angled orifices to provide leading
edge cooling. It 1s further known to provide partial {ilm cool-
ing at a trailing edge of a turbine blade. However, the external
heat transier coefficient of these cooling designs shows that
both the leading edge and the trailing edge of the blade airfoil
have a high heat load, thus requiring further super-cooling.

SUMMARY OF THE INVENTION

[0008] This disclosure describes micro-circuit cooling
channels that provide thin wall leading edge and trailing edge
cooling for a turbine blade. The blade includes an outer hous-
ing wall defining an enclosure and a plurality of rnibs extend-
ing at least a portion of the length of the blade within the
enclosure and defiming a serpentine flow channel that allows
a cooling airtlow to flow from a proximal end to a distal end
of the enclosure. The micro-circuit cooling channels are posi-
tioned at the leading edge of the airfo1l and the trailing edge of
the airfoil and include a plurality of micro-pins extending
across the micro-circuit cooling channel.

[0009] Additional features of the present invention will
become apparent from the following description and
appended claims, taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 1sacut-away, isometric view of a gas turbine
engine;
[0011] FIG. 2 1s a cross-sectional view of a known turbine

blade separated from a gas turbine engine;

[0012] FIG. 3 1s across-sectional view along line 3-3 of the
blade shown 1n FIG. 2;

[0013] FIG. 4 1s a graph showing heat transier coelficient
(HTC) on the vertical axis and pressure side (PS) and suction
side (SS) distances of a blade airfoil on the horizontal axis;
[0014] FIG. 5 1s a cross-sectional view of a turbine blade
including micro-circuit cooling channels i both a leading
edge and a trailing edge of the blade;

[0015] FIG. 6 1s across-sectional view along line 6-6 of the
blade shown in FIG. 5;

[0016] FIG. 7 1s a cross-sectional view of the leading edge
micro-circuit cooling channel shown 1n FIG. 5;

[0017] FIG. 8 1s a cut-away end view of the trailing edge of
the airtfoil shown 1n FIG. 6; and

[0018] FIG. 91sacooling circuit showing the cooling fluid
flow path 1n the blade shown 1n FIGS. § and 6.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

[0019] The following discussion of the embodiments of the
invention directed to a micro-circuit cooling channel for a
leading edge and a trailing edge of a blade 1n a gas turbine
engine 1s merely exemplary in nature, and i1s in no way
intended to limit the ivention or its applications or uses.

[0020] FIG. 11sacut-away, isometric view of a gas turbine
engine 10 including a compressor section 12, a combustion
section 14 and a turbine section 16 all enclosed within an
outer housing 30, where operation of the engine 10 causes a
central shaft or rotor 18 to rotate, thus creating mechanical
work. The engine 10 1s illustrated and described by way of a
non-limiting example to give context to the ivention dis-
cussed below. Those skilled in the art will appreciate that
other gas turbine engine designs will also benefit from the
invention. Rotation of the rotor 18 draws air into the com-
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pressor section 12 where 1t 1s directed by vanes 22 and com-
pressed by rotating blades 20 to be delivered to the combus-
tion section 14 where the compressed air 1s mixed with a fuel,
such as natural gas, and where the fuel/air mixture 1s 1gnited
to create a hot working gas. More specifically, the combustion
section 14 includes a number of circumierentially disposed
combustors 26 each receiving the fuel that 1s injected mnto the
combustor 26 by an injector (not shown) and mixed with the
compressed air to be 1gnited by an 1gniter 24 to create the
working gas, which 1s directed by a transition 28 into the
turbine section 16. The working gas 1s directed by circumier-
entially disposed stationary vanes (not shown) 1n the turbine
section 16 to flow across circumierentially disposed rotatable
turbine blades 34, which causes the turbine blades 34 to
rotate, thus rotating the rotor 18. Once the working gas passes
through the turbine section 16 it 1s output from the engine 10
as an exhaust gas through an output nozzle 36.

[0021] Each group of the circumiterentially disposed sta-
tionary vanes defines a row of the vanes and each group of the
circumierentially disposed blades 34 defines a row 38 of the
blades 34. In this non-limiting embodiment, the turbine sec-
tion 16 includes four rows 38 of the rotating blades 34 and
four rows of the stationary vanes 1n an alternating sequence.
In other gas turbine engine designs, the turbine section 16
may include more or less rows of the turbine blades 34. It 1s
noted that the most forward row of the turbine blades 34,
referred to as the row 1 blades, and the vanes, referred to as the
row 1 vanes, receive the highest temperature of the working
gas, where the temperature of the working gas decreases as 1t
flows through the turbine section 16.

[0022] FIG. 2 1sacross-sectional view of a known airfoil or
blade 40 that 1s intended to represent a row 1 blade, but can be
a general representation of any of the blades 34 in the rows 1n
the gas turbine engine 10, where the blade 40 includes cooling
airtlow channels discussed 1n detail below. FIG. 3 1s a cross-
sectional view of the blade 40 along line 3-3 1n FIG. 2. The
blade 40 includes an attachment portion 42 that 1s configured
to allow the blade 40 to be securely mounted to the rotor 18 in
a manner well understood by those skilled 1n the art. A blade
platform 44 1s provided at a distal end of the attachment
portion 42 and defines the beginning of a tapered airfoil
portion 46 of the blade 40. The airfo1l portion 46 includes a
pressure side (P/S) 86 and a suction side (S/S) 84 defined by
the pressure present on the airfoil portion 46 as it rotates.
Further, the airfoil portion 46 also includes a leading edge 80
and a trailing edge 82.

[0023] The airfoil portion 46 includes an outer housing 48
and a number of internal ribs 50, 52, 54, 56, 58 60 and 62,
typically configured as a single piece insert and being made of
ceramic, that define a series of flow channels. The flow chan-
nels include a shower head tlow channel 64 between the outer
housing 48 and the rib 50, a tlow channel 66 between the rib
50 and the r1b 52, a flow channel 68 between the rib 52 and the
rib 54, a flow channel 70 between the rib 54 and the rib 56, a
flow channel 72 between the rib 56 and the rib 58, an 1impinge-
ment flow channel 74 between the rib 58 and the rib 60, an
impingement flow channel 76 between the rib 60 and the rnib
62, and an impingement flow channel 78 between the rib 62
and the outer housing 48. The tlow channels 68, 70 and 72
combine to make up a serpentine flow channel. Air flows into
the blade 40 through an 1mput opening 90 in the attachment
portion 42, enters the channel 66 and flows towards an end
portion 92 of the housing 48, where some of the airtlow exits
the flow channel 66 through orifices 94. Some of that air flows
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through orifices 96 1n the rib 50 into the shower head channel
64 and out of the airfoil portion 46 through a series of orifices
100 that are angled upward towards the end portion 92. Air-
flow also enters the blade 40 through an opening 102 in the
attachment portion 42 and flows into the channel 68 where
some of the airflow flows out orifices 104. Most of the airtlow
flows 1nto the channel 70 to flow back down the airfoil 46 and
into a chamber 106 1n the attachment portion 42 that has an
opening covered by a cover plate 108. The air then flows back
up the blade 40 through the channel 72 and through orifices
110 1n the housing 48.

[0024] Therib 58 includes a series of orifices 120 that allow
the air to flow 1nto the channel 60 between the ribs 58 and 60,
the rib 60 includes a series of orifices 122 that allow the air to
flow 1nto the channel 62 between the ribs 60 and 62, and the
r1b 62 1includes a series of orifices 124 that allow the air to tlow
into a channel 94 between the rib 58 and the outer housing 48.
A series of orifices 130 1n the outer housing 48 allows the air
to flow out of the blade 40. As 1s apparent, the onfices 120,
122 and 124 1n the ribs 38, 60 and 62 are staggered relative to
cach other so that the air does not tlow directly from one
channel across the next channel 1nto the following channel.
This causes the air flowing through one of the orifices to strike
a section of the r1b in the next channel also creating turbulence
that increases the cooling effect. Particularly, this airflow
effect creates vortexes inside of the channels 74, 76 and 78
that also provide turbulence for effective cooling.

[0025] It 1s known 1n the art to provide a configuration of
turbulators or trip strips mounted to the inner walls of the flow
channel portions 66, 68, 70 and 72, represented generally as
reference number 132 1n FIG. 2. A trip strip for this purpose
1s typically a metal strip formed to an inside surface of the
outer housing 48 of the blade 40 1n a transverse direction to
the flow ol the cooling air. In this design, the trip strips 132 are
shown as skewed trip strips 1n that they are angled slightly
relative to the direction of the flow of the cooling air. In an
alternate embodiment, the trip strips 132 can be normal to the
flow direction of the air. Skewed trip strips are sometimes
employed over normal trip strips so as to allow the trip strip to
be longer, which provides more turbulent airflow.

[0026] FIG. 4 1s a graph with heat transfer coefficient
(HTC) on the vertical axis and distance along the airfoil 46 on
the pressure side 48 and the suction side 62 of the airfoil 46.
Graph line 140 shows that at the trailing edge 82 and the
leading edge 80, the airfoil has a high HTC requiring addi-
tional cooling than the mid-chord region of the airfoil 46.

[0027] As mentioned above, super-cooling 1s generally
required at the leading edge and trailing edge of the airfoil 46.
This super-cooling was provided in the airfoil 46 by the
shower head channel 64 and the impingement channels 74, 76
and 78. This design still provided the high heat transier coet-
ficient at these areas as shown 1n FIG. 4 especially 1n light of
the increased turbine temperatures of modern gas turbine
engine designs. It 1s thus desirable to improve those heat
transier coelficients. The present mnvention proposes provid-
ing 1mproved super-cooling through the use of thin wall
micro-circuit cooling as described below.

[0028] FIG. 5 1s cross-sectional view and FIG. 6 1s a cross-
sectional view along line 6-6 of a blade 150 including an
airfoi1l 152 for the turbine section 16 of, for example, the gas
turbine engine 10 having the same shape as the blade 40,
where like elements to the blade 40 are 1dentified by the same
reference number. As 1s apparent, in the blade 150, the shower
head channel 64 and the impingement channels 74, 76 and 78
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have been eliminated. The blade 150 includes internal ribs
154, 156, 158, 160 and 162 that define a series of flow chan-
nels. The flow channels include a flow channel 166 between
the ribs 154 and 156, a flow channel 168 between the ribs 156
and 158, a flow channel 170 between the ribs 158 and 160, a
flow channel 172 between the ribs 160 and 162 and micro-
circuit cooling flow channels 174 and 176 at the pressure side
86 and suction side 84, respectively, of the airfo1l 150 between
the rib 162 and the outer housing 48. The flow channels 166,
168, 170 and 172 combine to make up a serpentine tlow
channel. Air flows into the blade 150 through several open-
ings 180 in the attachment portion 42, enters the channel 166
to flow towards the end portion 92, flows back down the
channel 168, tlows back up the airfo1l 152 through the channel
170, flows back down the airfoil 46 through the channel 172
and enters the micro-circuit cooling channels 174 and 176.

Air flowing through the micro-circuit cooling channels 174
and 176 exats the airfoil 152 through a series of orifices 178 1n

the end portion 92. Airflow through the channels 174 and 176
also flows out of the trailing edge 82 through orifices 182 and
184, respectively. Additionally, air entering the attachment
portion 42 through the channels 180 tlows into a micro-circuit
cooling channel 186 at the leading edge 80 of the airfoil 46
and exits the micro-circuit cooling tlow channel 186 through
a series of orifices 188 1n the end portion 92.

[0029] FIG. 7 1s a cut-away cross-sectional view along line
7-7 1 FIG. 6. The micro-circuit cooling channel 186 includes
a series ol cross-pins 190 arranged 1n a staggered array, as
shown, so that a cross-pin 190 in one row 1s positioned
between to cross-pins 190 1n an adjacent row. As the air flows
through the channel 186 1t encounters the cross-pins 190 to
create a turbulent airflow to provide a higher effective cool-
ing. The micro-circuit cooling tlow channel 186 1s positioned
very close to the outer surface of the leading edge of the airfoil
152 to form a thin wall 194, where the thin wall 194 has a
dimension of 0.005-0.008" 1n one embodiment. The size of
the channel 186, how far the channel 186 extends around the
leading edge 80 of the airfoil 152, the configuration and
number of the cross-pins 162, etc. are all design specific for a
particular turbine blade and a particular level of cooling.

[0030] The micro-circuit cooling channel 174 1s positioned
adjacent to the pressure side 86 of the trailing edge 82 and the
micro-circuit cooling channel 176 1s positioned adjacent to
the suction side 84 of the trailing edge 82. As with the micro-
circuit cooling channel 186, the channels 174 and 176 extend
the length of the airfo1l 152. Both of the micro-circuit cooling,
channels 174 and 176 include cylindrical cross-pins 198 and
200, respectively, that extend across the channels 174 and 176
to provide increased cooling. Further, as above, the micro-
circuit cooling channels 174 and 176 are positioned very

close to the outside edge of the airfoi1l 152, also in the range of
0.0035-0.008".

[0031] FIG. 8 1s anillustration showing a part of the trailing
edge 82 of the airfoil 152 and showing the pressure side wall
and the suction side wall. The orifices 182 and 184 are shown
extending through the trailing edge 82 where the orifices 182
are 1n fluid communication with the micro-circuit cooling
channel 174 and the orifices 184 are 1n fluid communication
with the micro-circuit cooling channel 176. As 1s apparent,
the orifices 182 and 184 are staggered in that every other
orifice 1s 1n with erther the channel 174 or the channel 176. A
thermal barrier coating 196 can provided an outside surface of
the airfoil 152 to further increase the desired cooling. The
micro-circuit cooling channels 186, 174 and 176 provide thin
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wall cooling and can be formed by a print part manufacturing
process well known to those skilled in the art.

[0032] FIG.91sagraphical representation of a cooling flow
circuit 200 showing the airflow through the airfoil portion 152
of the blade 150. Particularly, dotted line 202 represents air-
flow through the micro-circuit cooling channel 186, line 204
represents airflow through the channel 166, line 206 repre-
sents airtlow through the channel 168, line 208 represents
airflow through the channel 170 and line 210 represents air-
flow through the channel 172. Line 212 represents airflow
through the micro-circuit cooling channel 174 and line 214
represents flow through the micro-circuit cooling channel
176. Lines 216 represent airtflow through the openings 182 1n
the trailing edge 82 and lines 218 represent airtlow through
the openings 184 1n the trailing edge 82.

[0033] The foregoing discussion discloses and describes
merely exemplary embodiments of the present invention. One
skilled 1n the art will readily recognize from such discussion,
and from the accompanying drawings and claims, that various
changes, modifications and variations can be made therein
without departing from the scope of the invention as defined
in the following claims.

1. A blade for a gas turbine engine, said blade comprising:

an airfoil including an outer housing wall defining an
enclosure, a leading edge and a trailing edge;

a plurality of ribs extending at least a portion of the length
of the airfo1l within the enclosure and defining a serpen-
tine flow channel that allows a cooling airflow to flow
from a proximal end to a distal end of the airfoil; and

a leading edge micro-circuit cooling channel positioned at
the leading edge of the airfoil and including a plurality of
micro-pins extending across the micro-circuit cooling
channel, wherein the leading edge micro-circuit cooling,
channel 1s positioned within a wall of the enclosure to be
within 0.005-0.008 inches of an outer surface of the
leading edge of the airfoil.

2. The blade according to claim 1 wherein the plurality of
micro-pins are configured in an array so that micro-pins in
one row of the array are staggered relative to micro-pins 1n an
adjacent row 1n the array.

3. (canceled)

4. The blade according to claim 1 further comprising a
pressure side trailing edge micro-circuit cooling channel
positioned at a pressure side and trailing edge of the airfoil
and extending at least a portion of a length of the airfoil, said
pressure side trailing edge micro-circuit cooling channel
including a plurality of micro-pins extending across the chan-
nel.

5. The blade according to claim 4 wherein the plurality of
micro-pins 1n the pressure side trailing edge micro-circuit
cooling channel are configured 1n an array so that micro-pins
in one row of the array are staggered relative to micro-pins 1n
an adjacent row 1n the array.

6. The blade according to claim 4 wherein the pressure side
trailing edge micro-circuit cooling channel 1s positioned
within a wall of the enclosure to be within 0.005-0.008 inches
ol an outer surface of the airfoil.

7. The blade according to claim 4 wherein the pressure side
trailing edge micro-circuit cooling channel 1s 1n fluid com-
munication with a series of orifices in the trailing edge of the
airfoil.

8. The blade according to claim 1 further comprising a
suction side trailing edge micro-circuit cooling channel posi-
tioned at a suction side and trailing edge of the airfoil and
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extending at least a portion of a length of the airfoil, said
suction side trailing edge micro-circuit cooling channel
including a plurality of micro-pins extending across the chan-
nel.

9. The blade according to claim 8 wherein the plurality of
micro-pins in the suction side trailing edge micro-circuit
cooling channel are configured 1n an array so that micro-pins
in one row of the array are staggered relative to micro-pins 1n
an adjacent row 1n the array.

10. The blade according to claim 8 wherein the suction side
tralling edge micro-circuit cooling channel 1s positioned
within a wall of the enclosure to be within 0.005-0.008 inches
ol an outer surtace of the airfoil.

11. The blade according to claim 8 wherein the suction side
trailing edge micro-circuit cooling channel 1s 1n fluid com-
munication with a series of orifices in the trailing edge of the
airfoul.

12. The blade according to claim 1 further comprising a
thermal barrier provided on the outer wall of the enclosure.

13. The blade according to claim 1 wherein the blade 1s for
a row one stage 1n the gas turbine engine.

14. The blade according to claim 1 wherein the leading
edge micro-circuit cooling channel 1s formed by a print parts
manufacturing process.

15. A blade for a gas turbine engine, said blade comprising:

an airfoil including an outer housing wall defining an
enclosure, a leading edge and a trailing edge;

a plurality of ribs extending at least a portion of the length
of the airfo1l within the enclosure and defining a serpen-
tine flow channel that allows a cooling airflow to flow
from a proximal end to a distal end of the airfoil;

a leading edge micro-circuit cooling channel positioned at
the leading edge of the airfoil and including a plurality of
micro-pins extending across the micro-circuit cooling
channel, wherein a forward leg of the serpentine flow
channel and the leading edge micro-circuit cooling
channel provide lead edge cooling for the airfoil;

a pressure side trailing edge micro-circuit cooling channel
positioned at a pressure side and trailing edge of the
airfo1l and extending at least a portion of a length of the
airfo1l, said pressure side trailing edge micro-circuit
cooling channel including a plurality of micro-pins
extending across the channel; and

a suction side trailing edge micro-circuit cooling channel
positioned at a suction side and trailing edge of the
airfo1l and extending at least a portion of a length of the
airfoil, said suction side trailing edge micro-circuit cool-
ing channel including a plurality of micro-pins extend-
ing across the channel, wherein a rearward leg of the
serpentine flow channel splits 1nto the pressure side trail-
ing edge micro-circuit cooling channel and the suction
side trailing edge micro-circuit cooling channel,
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wherein the leading edge micro-circuit cooling channel,
the pressure side trailing edge micro-circuit cooling
channel and the suction side trailing edge micro-circuit
cooling channel are all positioned within a wall of the
enclosure to be within 0.005-0.008 inches of an outer
surface of the airfoul.

16. (canceled)

17. The blade according to claim 15 wherein the plurality
of micro-pins 1n the leading edge micro-circuit cooling chan-
nel, the pressure side trailing edge micro-circuit cooling
channel and the suction side trailing edge micro-circuit cool-
ing channel are configured 1n an array so that micro-pins n
one row of the array are staggered relative to micro-pins 1n an
adjacent row 1n the array.

18. The blade according to claim 15 wherein the pressure
side trailing edge micro-circuit cooling channel and the suc-
tion side trailling edge micro-circuit cooling channel are in
fluid communication with a series of orifices in the trailing
edge of the airfoil 1n a staggered manner.

19. A gas turbine engine comprising:

an outer housing;

a compressor section being operable to produce a com-

pressed airtlow;

a combustion section 1 fluid communication with the

compressor section that receives a combustion portion
of the compressed airtlow, said combustion section mix-
ing the combustion portion of the compressed airtlow
with a fuel and combusting the mixture to produce a hot
working gas; and

a turbine section 1n fluid communication with the combus-

tion section, said turbine section recetving the hot work-
ing gas, said turbine section including a plurality ofrows
of vanes and a plurality of rows of blades, wherein at
least some of the blades 1include an outer housing wall
defining an enclosure, a plurality of nibs extending at
least a portion of a length of the blade within the enclo-
sure and defining at least one flow channel that allows a
cooling airtflow to flow from a proximal end to a distal
end of the enclosure, a leading edge micro-circuit cool-
ing channel positioned at the leading edge of the airfoil
and including a plurality of micro-pins extending across
the leading edge micro-circuit cooling channel, and a
trailing edge micro-circuit cooling channel positioned at
a trailing edge of the airfoil and including a plurality of
micro-pins extending across the trailing edge micro-
circuit cooling channel, wherein the leading edge micro-
circuit cooling channel and the trailing edge micro-cir-
cuit cooling channel are positioned within a wall of the
enclosure to be within 0.005-0.008 inches of an outer
surtace of the airfoil.

20. (canceled)
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