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(57) Abréegée/Abstract:

An airfoll for a gas turbine engine includes a first sidewall and a second sidewall coupled together at a leading edge and a trailing
edge, such that a cavity is defined therebetween. A plurality of cooling circuits are defined within the cavity. Each cooling circuit
channels cooling fluid through at least one cooling chamber to facilitate cooling the airfoll. More specifically, a cascade
iImpingement circuit, a down pass circuit, a flag tip circuit, and a trailing edge circuit are provided. The cascade iImpingement circuit
Includes a central chamber and a plurality of impingement chambers.
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(87) Abstract: An airfoil for a gas turbine engine mncludes a first sidewall and a second sidewall coupled together at a leading edge
and a trailing edge, such that a cavity is defined therebetween. A plurality of cooling circuits are defined within the cavity. Each
cooling circuit channels cooling fluid through at least one cooling chamber to facilitate cooling the airfoil. More specifically, a cas -

o cade impingement circuit, a down pass circuit, a flag tip circuit, and a trailing edge circuit are provided. The cascade impingement

circuit includes a central chamber and a plurality of impingement chambers.
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METHOD AND APPARATUS FOR COOLING GAS
TURBINE ROTOR BLADES

BACKGROUND OF THE INVENTION

0001 Thus mmvention relates generally to gas turbine engines and

| O |

more particularly, o methods and apparatus for cooling gas turbine engine rotor

assemblies.

s

(00027  Turbine rotor assembhies typically include at least one row of
circumterentialiy-spaced rotor blades. Fach rotor blade includes an airtoil that
wmeludes 4 pressure side, and a suction side connected together at leading and trailing
edges. Dach airfoil extends radially cutward from a rotor blade platform. Fach rotor
blade also wncludes a dovetail that extends radially inward from a shank extending
between the platform and the dovetail. The dovetail 1s used to mount the rotor blade
within the rotor assembly to a rotor disk or spool. Known blades are hollow such that
an internal cooling cavity 1s defined at least partially by the awrtoil, platform, shank,

and dovetarl,

(0003} 'Fo taciittate preventing damage to the airfoils from exposure
to high temperature combustion gases, known atrfoils include an internal cooling

curcuit which channels cooling fluid through the airfoil. At least some known high

pressure turbine blades include an internal cooling cavity that is serpentine such that a
path of cooling gas is chamneled radially outward to the blade tip where the flow
reverses divection and flows back radially inwardly toward the blade root. The flow
may exit the blade through the root or the flow may be directed to holes in the trailing

edge to permit the gas to flow across a surface of the trailing edge for cooling the

.2 1Y
Cpnr

M‘

traitling edge. Specifically, at least some known rotor blades channel compressor
biced air mto a cavity defined between the sidewalls, to convectively cool the
sidewalls.  Additional cocling can be accomplished using impingement cooling
wheremn impingement nserts channel cooling fluid through fropingement jet arrays
against the mner surface of the airfoil’s leading edge to facilitate cooling the airfoil

. 4 “§ $ - ‘ N - . ﬁ'& . & o + . ‘ﬂ:;_ e ¢ o
along the leading edge. However, these circuits, hmited by manufacturing
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constraints, are mnetficient as the circuits channel the cooling fluid through the center

ot the cavity where i1 is ineffective in remov ing heat from the walls of the airfoil.

BRIEF DESCRIPTION OF THE INVENTION

(0004} In one embodument, an airfoil for a gas turbine engine is
provided. The airfoil includes a first sidewall and 2 second sidewall coupled together
at a leading edge and a trailing edge, such that a cavity is defined therebetween., A
irst cooling circuit is defined within the cavity, and the first cooling circuit comprises
a central chamber and at least one impingement chamber. The central chamber is in
flow communication with at least one impingement chamber. A second cooling
circuit 18 defined within the cavity, and comprises the central chamber and at feast one
down pass chamber. The central chamber is in flow communication with at least one

down pass chamber via a channel defined near a tip of the airfoil.

0005] In another embodiment, a gas turbine engine assembly
COmprising a compressor, a combustor, and a turbine coupled to the compressor is
provided. The turbine comprises an airfoil that includes a first sidewall and a second
stdewall coupled together at a leading edge and a trailing edge, such that a cavity is
defined therebetween. A first cooling circuit is defined within the cavity, and the first
cooling circuit comprises a central chamber and at least onc impingement chamber.
The central chamber is in flow communication with at least one impingement
chamber. A second cooling circuit is defined within the cavity, and comprises the
central chamber and at least one down pass chamber. The central chamber is in flow
commumeation with at least one down pass charober via a channel defined near a tip

ot the airtoil

O006]  In vet another embodiment, a method of fabricating a rotor
blade for a gas turbine engine is provided wherein the rotor blade includes an airfoil
having a first sidewall and a second sidewall connected together at a leading edge and
a tratling edge, such that a cavity is formed therebetween. The method includes
forming a first cooling circuit within the cavity, wherein the first cooling circuit

neludes a central chamber and at [east one impingement chamber that is coupled to
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the central chamber, and forming a second cooling circuit within the cavity, wherein

the second cooling circuit includes the central chamber and at least one down pass

chamber that 1s coupled to the central chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

SOV

(D007 FIG, 1is a schematic llustration of an exemplary gas turbine

¥

[0GU8) FIG. 2 15 a perspective view of an exemplary rotor blade that

may be used with the gas turbine shown in FIG. 1; and

(00691 FIG. 3 15 a cross-sectional view of the rotor blade shown in

PG, 2
DETAILED DESCRIPTION OF THE INVENTION

0010} FHG. 1 o1s a schematic illustration of a gas turbine engine 10
icluding a fan assembly 12, a high pressure compressor 14, and a combustor 16.
Engine 10 also mcludes a high pressure turbine IR, a low pressure turbine 20, and a
pooster 22. Fan assembly 12 includes an array of fan blades 24 extending radially
outward from a rotor disc 26. Engine 10 has an intake side 28 and an exhaust side 30.
in one embodument, engine 10 1s a CT7 engine commercially available from General

g

fHlectric Awcraft Engines, Cincinnaty, Ohi

O01H]  In operation, air flows through fan assembly 12 and
compressed air 1s supplied to high pressure compressor 14, The highly compressed
atr 18 delivered to combustor 16, Awrflow (not shown in FIG. | } from combustor 16

g <

drives turbines 18 and 20, and turbine 20 drives fan assembly 17

OOLI] FIG. 2 1s a perspective view of a rotor blade 40 that may be
used with gas turbine engine 10 (shown in FIG. 1), FIG. 3 is a cross-sectional view of
rotor blade 40. In one embodiment, a plurality of rotor blades 40 form a high pressure

turbine rotor blade stage (not shown) of gas turbine engine 10, Each rotor blade 40
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mcludes a hollow airtoil 42 and an integral dovetail 43 used for mounting airfoil 42 to

a rotor disk {not shown) 1t a known manner.

A

(OU13]  Airtoil 42 includes a first sidewall 44 and a second sidewall
406, Fust sidewall 44 is convex and defines a suction side of airfoil 42, and second
sidewall 46 is concave and defines a pressure side of airfoil 42. Sidewalls 44 and 46
are connected together at a leading edge 48 and at an axially-spaced trailing edge 50
of airtodl 42 that 1s downstream from leading edge 48. Airfoil 42 includes a plurality
of film holes 51 that are spaced radially along sidewalls 44 and 46 and between an
airfoit tip 34 and a blade root 52 for discharging cooling fhiid from airfoil 42 to

facilitate cooling an outer surface 53 of airfoil 42. Airfoil 42 also includes a plurality

J‘

of trailing edge slots 55 spaced radially between airfoil tip 54 and blade root 52 along
trailing edge 50 for discharging cooling fluid from airfoil 42 to facilitate cooling
awrtoil trailing edge 50. Heat transter enhanced by film holes 51 and trailing edge

slots 55 facilitates cooling along airfoil outer surface S3.

0014} First and second sidewalls 44 and 46, respectively, extend
radially from blade root 52 positioned adjacent dovetail 43 to airfoil tip 54 which
detines a radially outer boundary of an internal cavity 56. Cavity 56 is defined within
atrforl 42 between sidewalls 44 and 46, In the exemplary embodiment, cavity 56 is
divided into a plurality of cooling chambers 58 which form cooling circuits 60 that
target specific aregas of airfoll 42, In the exemplary embodiment, three cooling
circuits 60 are provided. Specifically, in the exemplary embodiment, cooling circuits

60 include a cascade impingement coolimg circuit 330, a down pass circuit 350, a flag

tip circuit 360, and a trailing edge cooling circuit 370, In an alternative embodiment,

airtoil 42 has more or less than four cooling circuits 60.

K*

U015]  Cascade mmpingement cooling circuit 330 includes a central
chamber 331, a leading edge chamber 333, 4 first cascade impingement chamber 335,
and a second cascade impingement chamber 337, Chambers 331, 333, 335, and 337

-

extend radiaily from blade root 52 to airfoil tip 54. Alternatively, chambers 331, 333,

335, and 337 extend along a portion of airfoil 42 from blade root 52 to airfoil tip 54,

Central chamber 331 is in flow communication with a first cooling fluid source (not

¥
ES N -
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shown} located within engine 10, Central chamber 331 is coupled to leading edge
chamber 333 via one or more holes 338 spaced from blade root 52 to airfoil tip 54 and

aligned in a row. Leading edge chamber 333 is coupled to at least one row of film
holes 51 that extends radially, and each hole 51 extends from chamber 3233 to outer
surface 33, In the exemplary embodiment, charnber 333 is coupled to five rows of

*

film holes 31. Alternatively, chamber 333 may be coupled to any number of film

o h

holes 31 or rows of film holes 51 that enables airfoil 472 to function as described

-
heremn.

(0010} Leading edge chamber 333 i3 coupled to first cascade
unpingement chamber 335 via one or more holes 339 spaced from blade root 52 to
airfoil tip 54 and aligned in a row. First cascade impingement chamber 335 is
coupled o second cascade impingement chamber 337 via one or more holes 340,

Second cascade impingement chamber 337 is coupled to at least one row of film holes

51 that extends radially, and cach bole 51 extends from chamber 337 to ocuter surface
53.

L0017} Down pass circuit 350 includes central chamber 331, a first
down pass chamber 351, a second down pass chamber 333, and an up pass chamber
335, Chambers 351, 353, and 355 extend radially from blade root 52 to airfoil tip 54.
Alternatively, chambers 351, 353, and 355 extend along a portion of airfoil 42 from
blade root 52 to amrtoil tip 54, Central chamber 331 is coupled (not shown) with
chambers 351 and 353 at or near airfoil 'i:ip 34. More specifically, chambers 331, 351,
and 353 are configured to substantially reverse the flow direction of at least a portion
of the cocling fluid within chamber 331 at or near airfoil tip 54 such that the flow is
split between chamnbers 351 and 353 and channeled via chambers 351 and 353 toward
blade root 52, Chambers 351 and 353 are coupled (nhot shown) with chamber 355 at
or near blade root 52, More specifically, chambers 351, 353, and 353 are configured
to substantially reverse the flow direction of at least a portion of the cooling fluid

within chambers 351 and 353 at or near hlade root 52 such that the flow from

,i”s

chambers 331 and 333 1s combined and channeled via chamber 355 toward airfoil tip

34. Chambers 351 and 355 are coupled to at least one row of film holes 531 that

Jl

extends radially, and each hole 51 extends, respectively, from chambers 351 and 355

"
'y -3
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v

to outer surface 53, Alternatively, one or more chambers 351, 353, and 335 are

coupled to film holes S1.

O018]  Flag tip circuit 360 includes a first flag tip chamber 361 and a
second flag tip chamber 363, Chambers 361 and 363 extend radially from blade root
52 to awrtoil tip 54, Alternatively, chambers 361 and 363 extend along a portion of
airtoil 42 from blade root 52 to awfoil tip 54, Chambers 361 and 363 are in flow
communication with a second cooling fluid source (not shown) located within engine
i, First and second cooling fluid sources may be coupled upstream or may be the
same source. Chambers 361 and 363 are coupled to an axially flowing chamber {(not
shown) near the tip 54. The axially flowing chamber facilitates discharging cooling
thaid from chambers 361 and 363 to trailing edge cooling slots 55 and an outer surface
of airtoil sidewall 44, The axially flowing charmber is at least partially positioned
adjacent to second sidewall 46. Alternatively, the axially flowing chamber may be
positioned such that chambers 355 and 371 (described below) substantially 1solate the
axiaily tiowing chamber from second sidewall 46, Moreover, the axially flowing

chamber may be of any geometry or posttion that enables airfoil 41 to function as

described herein.

(0019} Trailing edge cooling circuit 370 includes a trailing edge
chamber 371 and trailing edge cooling slots 535, Chamber 371 extends radially from
blade root 52 to airfoil tip 54, Alternatively, chamber 371 cxtends along a portion of
awrtoil 42 from blade root 52 to awrfoil tip 54, Circuit 370 is any known or
conventional cooling circuit.  Chamber 371 is coupled with cooling slots 55,
Chamber 371 may be coupled with the first, the second, and/or a third cooling fluid

SOUTCE,

£ %

OUZ0] Duning operation, a cooling thuid, typically air, from the first
cooling fluid source 18 channeled to central chamber 331 and {lag tip chambers 361
and 363. Cooling fuid tlows through central chamber 331 from blade root 52 toward
atirioil tip 54 and impinges directly into leading edge chamber 333 via holes 338, A
portion of the Huid in leading edge chamber 333 is discharged through film holes 51,

3 S

and the remainder of the fluid in leading edge chamber 333 is impinged into first

Exew

-6
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cascade impingement chamber 335, Fhud in first cascade impingement chamber 3353

*

then impinges into second cascade mmpingement chamber 337 before exiting the

airfoil 42 through film holes 51,

OUZ1] A portion of the fluid flowing through central chamber 331
reaches tip 54 where the fluid s chaoneled back toward blade root 32 through first
and second down pass chambers 351 and 353, A portion of the fluid in first down
pass chamber 351 1s discharged through film holes S1. The fluid remaining in down

.
‘\

pass chambers 351 and 353 is combined near blade root 52 and channeled through up
pass chamber 355 toward airfoil tip 54, Fluid in up pass chamber 355 is discharged
via film hotes 51, It should be appreciated that the fluid flowing radially through

central che

N

mber 331 frorn root 52 fo tip 54 is insulated by the other chambers and
passageways surrounding central chamber 331, such that the flind within chamber 331

1s kept cooler than is generally possible in known cooled turbine blades.

0022 Cooling tluid from the first cooling fluid source is channeled
to tlag tip chambers 361 and 363, Alternatively, cooling fluid may be channeled to
chambers 361 and 363 from the second fluid source. Cooling fluid flows radially
through chambers 361 and 363 from root 52 to tip 54. At the tip 54, cooling fluid is
discharged trom chambers 361 and 363 to outer surface 53 and cooling slots 55 via

the axially flowing chamber focated near tip 54.

({0023} The above-described rotor blade is cost-effective and highly

reliable. The rotor blade includes an airfoil having a number of cooling circuits which

target cooling on the leading edge, pressure side, and suction side of the airfoil. A

number of cooling techniques are emploved to cool the exterior sidewalls of the

}

urioil, such as impingement cooling and near-wall cooling. The arrangement of the
various chambers within the cooling circuits facilitates isolation and insulation of
coohing fluid, further facilitating cooling of the airtoil as a result of cooler cooling
fluid passing through the various chambers. Such an arrangement is made possible by
advances mn fabrication techniques, including, but not limited to, rapid prototyping of
.

ceramic cores.  More specifically, traditional cooling schemes are limited by

rmanutachuring constraints related to the manufacture of ceramic cores used to create
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the passageways and chambers within cooling Crrcuits,  INew  core produchion
3 -\.3'\"3“?\:1}-\3'“ A NS O "T"_‘ '= .,.,d 1’)‘.”}‘ /4?"5.\(‘;- ~ ->1f]r\131-} I eI P t(,{,\
{..IOL.Lbbﬁ.b redUCe SUCH CONSIramnis 1:.“?0&*., L2y 1ard '.(J()lijlb AT enanie e ¢ore 0 axg
new shapes and stzes.  As a result, cooler operating temperatures within the rotor

RN

biade facilifate cexiending a usetui hic ot the rotor blades mn a costgitective and

relable manner.

(00241 While the iwvention has been descmbed i terms of varous
specific embodiments, those skilled 1 the art wall vecognize that the invention can be

mracticed with modificaton within the scope of the disciosure.
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WHAT IS CLAIMED IS:

1. An airfoil for a gas turbine engine, said airfoil comprising:

a lirst sidewall and a sccond sidewall coupled together at a leading edgc
and a trailing edge, such that a cavity is dcfined therebctween;

a first cooling circuit defined within said cavity, said first cooling circuit
comprising a central chamber and at least one impingement chamber having a leading
edge chamber, a first cascadc impingement chamber, and a second cascade
impingement chamber, said central chamber in flow communication with said at least
one impingement chamber; and

a second cooling circuit detined within said cavity, said sccond cooling
circuit comprising said central chamber and at least one down pass chamber, said
central chamber 1n tlow communication with said at least one down pass chamber via

a channel defined near a tip of said airfoil.

2. An arrfoil 1n accordance with Claim 1 [urther comprising a third
cooling circuit defined within said cavity, said third cooling circuit comprising at least
onc flag tip-chambecr, said at least one flag tip chamber in flow communication with
an axially flowing chambcer in flow communication with at least onc¢ trailing cdge

cooling slot.

3. An atrfoil in accordance with Claim 1 wherein said lcading cdge
chamber 18 in flow communication with said central chamber via a first radially
extending row ol openings, said first cascade impingement chamber is in {low
communication with said leading edge chamber via a second radially cxtending row
ot openings, and said sccond cascade impingement chamber 1s 1n flow communication
with said first cascade impingement chamber via a third radially extending row of

openings.

4. An airfoil 1n accordance with Claim 3 wherein said sccond cascade
impingement chamber is in flow communication with a radially extending row of film

holes.

Q.
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5. . An airloil in accordance with Claim 1 wherein said at least one
down pass chamber comprises a first down pass chamber, a second down pass

chambcr, and an up pass chamber.

6. A gas turbine enginc asscmbly comprising:
a COmMpressor;
a combustor; and
a-turbine coupled to said compressor, said turbine comprising an airfoil,
said airfoil comprising:
a first sidewall and a sccond sidewall coupled together at a leading
edge and a trailing edge, such that a cavity is defined therebetween;
a first cooling circuit defined within said cavity, said f{irst cooling
circuit comprising a central chamber and at least one impingement chamber having a
leading edge chamber, a first cascade mmpingement chamber, and a sccond cascade
impingement chamber, said central chamber in flow communication with said at least
one impingement chamber; and
a second cooling circuit detined within said cavity, said second
cooling circuit comprising said central chamber and at Icast one down pass chamber,
said central chamber 1n flow communication with said at lcast one down pass chamber

via a channel defined ncar a tip of said airfoil.

7. A gas turbine cngine assembly 1n accordance with Claim 6 further
comprising a third cooling circuit defined within said cavity, satd third cooling circuil
comprising at least onc flag tip chamber, said at least-onc flag tip chamber in flow
communication with an axially tlowing chamber in flow communication with a

tratling edge cooling slot.

8. A gas turbine engine assembly in accordance with Claim 6 wherein
said leading edge chamber 1s in {low communication with said central chamber via a
first radially exténding row of openings, said first cascade impingement chamber 1s 1n
flow communication with said leading cdge chamber via a second radially cxtending
row of openings, and said second cascade impingement chamber 1s 1n flow
communication with said first cascade impingement chamber via a third radially

extending row ol openings.
-10-
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9. A gas turbine enginc assembly 1n accordance with Claim 8 wherein
said second cascade impingement chamber is in {low communication with a radially

cxtending row of film holes.

10. A gas turbine engine asscmbly in accordance with Claim 6 wherein
said at least one down pass chamber comprises a first down pass chamber, a second

down pass chamber, and an up pass chamber.

11. A method of fabricating a rotor blade for a gas turbine cngine,
wherein the rotor blade includes an airfoil having a flirst sidewall and a sccond
sidewall connccted together at a leading edge and a trailing edge, such that a cavity is
formed therebetween, said method comprising:

forming a first cooling circuit within the cavity, wherein the first cooling
circuit ncludes a central chamber and at Icast onc impingement chamber that is
coupled to the central chamber, wherein forming includes coupling a lecading cdge
chamber, a first cascade impingement chamber, and a second cascade impingement
chamber with the central chamber;

forming a sccond cooling circuit within the cavily, whercin the second
cooling circuit includes the central chamber and at least one down pass chamber that

1s coupled (o the central chamber.

12. A method 1n accordance with Claim 11 further comprising forming
a third cooling circuit within the cavity, wherein the third cooling circuit includes at

least one flag tip chamber that 1s in {flow communication with an axially tlowing

chamber in flow communication with a trailing edge cooling slot.

13. . A method in accordance with Claim 11 further comprising:

forming a first radially cxtending row of opcnings between the central
chamber and the Icading edge chamber;

forming a second radially cxtending row ot openings between the leading
cdec chamber and the first cascade impingement chamber; and ‘

forming a third radially extending row ol openings between the first

cascade impingement chamber and the sccond cascade impingement chamber.

-11-



CA 02848867 2016-08-03

251147

14, A method 1n accordance with Claim 13 f{urther comprising forming
a radially extending row of film holes coupled to the sccond cascade impingement

chamber.

-12-
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