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METHOD AND APPARATUS FOR COOLING GAS
TURBINE ROTOR BLADES

BACKGROUND OF THE INVENTION

(0001} This invention relates generally to gas turbine engines and
more particularly, to methods and apparatus for cooling gas turbine engine rotor

assemblies.

{0002} Turbine rotor assemblies tvpically include at least one row of
circumferentially-spaced rotor blades. FEach rotor blade includes an airfoil that
melades a pressure side, and a suction side connected together at leading and trailing
edges. Each airfoil extends radially outward from a rotor blade platform. Each rotor
blade also includes a dovetail that extends radially inward from a shank extending
between the platform and the dovetail. The dovetail is 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 is defined at least partially by the airfoil, platform, shank,

and dovetail.

(0003} To facilitate preventing damage to the airfoils from exposure
to high temperature combustion gases, known airfoils include an intermal cooling
circuit 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 direction and flows back radially inwardly toward the blade root. The flow
may exit the blade through the root or the flow may be directed {0 holes in the trailing
edge to permit the gas to How across a surface of the trailing edge for cooling the
trailing edge. Specifically, at least some known rotor blades chanpel compressor
bleed air into a cavity defined between the sidewalls, to convectively cool the
sidewalls,  Additional cooling can be asccomplished using impingement cooling
wherein impingement inserts channel cooling Huid through impingement jet arrays
against the inner surface of the airfoil’s leading edge to facilitate cooling the airfoil

along the leading edge. However, these cireuits, limited by manufacturing

e
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constraints, are inefficient as the circnits channel the cooling fluid through the center

of the cavity where it is ineffective in removing heat from the walls of the airfoil.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In one embodiment, an airfoil for a gas turbine engine is
provided. The airfoil 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
first 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 is defined within the cavity, and comprises the central chamber and at least 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 & compressor, a combustor, and a turbine coupled to the compressor is
provided. The turbine comprises an airfoil that includes a first sidewall and 2 second
sidewall coupled together at a leading edge and a trailing edge, such that a cavity is
defined thercbetween. A first 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 is defined within the cavity, and comprises the

central chamber and at least 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

ot the airfoil.

{00061 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 trailing edge, such that a cavity is formed therebetween. The method includes
forming a first cooling ¢ircuit within the cavity, wherein the first cooling circuit

includes a central chamber and at least one impingement chamber that is coupled to
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the central chamber, and forming a second cooling circull within the cavity, wherein
the second cooling circuit includes the central chamber and at least one down pass

chamber that is coupled to the central chamber.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  FIG. 1 is a schematic illustration of an exemplary gas turbine

engine;

[0008]  FIG. 2 is a perspective view of an exeroplary rotor blade that

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

[0008] FIG. 3 is a cross-sectional view of the rotor blade shown in
FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

[001D]  FIG. 1 is a schematic illustration of a gas turbine engine 10
including a fan assembly 12, a high pressure compressor 14, and a combustor 16.
Engine 10 also includes a high pressure turbine 1R, a low pressure turbine 20, and a
booster 22, Fan assembly 12 includes an array of fan blades 24 extending radially
sutward from a rotor disc 26. Engine 10 has an intake side 28 and an exhaust side 30,
In one embodiment, engine [0 is a CT7 engine commercially available from General

Hlectric Awrcraft Engines, Cincinnati, Ohio.

{0011] In operation, air flows through fan assembly 12 and
compressed air is supplied to high pressure compressor 14, The highly compressed
air is delivered to combustor 16, Alrflow (not shown in FIG. 1} from combustor 16

Ny

drives furbines 18 and 20, and turbine 20 drives fan assembly 12,

[0O12] FHG. 2 s g perspective view of a rotor blade 40 that may be
used with gas turbine engine 10 (shown in FIG. 1). FIG. 2 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, Bach rotor blade 40



WO 2013/048715 PCT/US2012/054563

includes a hollow airfoil 42 and an integral dovetail 43 used for mounting airfoil 42 to

a rotor disk {not shown} in a known manner.

[0013]  Airfoil 42 mcludes a first sidewall 44 and a second sidewall
46. First 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 airfoil 42 that is 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
airfoil tip 54 and a blade root 52 for discharging cooling fluid from airfoil 42 to
facilitate cooling an outer surface 533 of airfoil 42. Airfoil 42 also includes a plurality
ot 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
airfoll trailing edge 50. Heat transfer enhanced by film holes S1 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
defines a radially outer boundary of an internal cavity $6. Cavity 56 is defined within
airfoll 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 areas of airfoil 42, In the exemplary embodiment, three cooling
cireaits 60 ave provided. Specifically, in the exemplary embodiment, cooling circuits
60 include a cascade impingement cooling circuit 330, a down pass circuit 350, a flag
tip circuit 360, and a trailing edge cooling circuit 370, In an alternative embodiment,

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

[0015] Cascade nmpingement cooling circuit 230 includes a central

chamber 331, a leading edge chamber 333, a first cascade impingement chamber 335,

¥

17

and a second cascade impingement chamber 337, Chambers 331, 333, 335, and 337
extend radially from blade root 52 to asirfoil tip 54. Alternatively, chambers 331, 333

35,

5

Lo
je¥]

nd 337 extend along a portion of airfoil 42 from blade root 52 to airfoil fip 54,

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

A
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Y

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 i 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 323 to outer
surface 33. In the exemplary embodiment, charober 333 is coupled to five rows of
film holes 51. Alternatively, chamber 333 may be coupled to any number of film

holes 51 or rows of film holes 51 that enables airfoil 42 to function as described

herein,

[0016] Leading edge chamber 333 is coupled to first cascade
impingement chamber 335 via one or more holes 339 spaced from blade root 52 to
airfoil tip 54 and aligned in a row. First cascade impingernent chamber 335 is
coupled to 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 each hole 51 extends from chamber 337 to outer surface

53.

{0017] Down pass circuit 330 includes central chamber 331, a first

down pass chamber 351, a second down pass chamber 353, and an up pass chamber
355, 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 airfoil tip 54. Central chamber 331 is coupled (not shown) with
chambers 351 and 353 at or near airfoil tip 54. More specifically, chambers 331, 351,
and 353 are red to substantially reverse the flow direction of at least a portion
of the cooling fluid within chamber 331 at or near airfoil tip 54 such that the flow is
split between chambers 351 and 353 and channeled via chambers 351 and 333 toward
blade root 52. Chambers 351 and 353 are coupled (not 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 blade root 52 such that the flow from
charmbers 351 and 353 is combined and channeled via chamber 355 toward airfoil tip

34, Chambers 351 and 355 are coupled to at least one row of film holes 51 that

LA

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

5.
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to outer surface 53. Alternatively, one or more chambers 351,
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coupled to film holes 51,

{0018]  Flag tip circuit 360 includes a first flag tip chamber 361 and a
second ftlag tip chamber 363, Charubers 361 and 363 extend radially frovu blade root

52 to airfoil tip 54, Alternatively, chambers 361 and 363 extend along a portion of
airfoil 42 from blade root 52 to airfoil tip 54, Chambers 361 and 363 are in flow
communication with a second cooling fluid source (not shown) located within engine
10, 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 34. The axially flowing chamber facilitates discharging cooling
fluid from chambers 361 and 363 to trailing edge cooling slots 55 and an outer surface
of airfoil sidewall 44, The axially flowing charnber 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 isolate the
axiaily tlowing chamber from second sidewall 46. Moreover, the axially flowing
chamber may be of any geometry or position 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 35. Chamber 371 extends radially from
blade root 52 to airfoil tip 54. Alternatively, chamber 371 cxtends along a portion of
airfoil 42 from blade root 52 to airfoil 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 flaid

SOUree.

100207 Duning operation, a cooling fluid, typically air, from the first
coohing fluid source is channeled to central chamber 331 and flag tip chambers 361
and 363. Cooling fluid tlows through central chamber 331 from blade root 52 toward
airfoil tip 54 and impinges directly into leading edge chamber 333 via holes 338, A
portion of the fluid in leading edge chamber 333 is discharged through film holes 51,

Yy Yy

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

G-
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cascade impingement chamber 335, Fluid in first cascade impingement chamber 335
then impinges into second cascade impingement chamber 337 before exiting the

airfoil 42 through film holes 51.

[0021] A portion of the fluid flowing through central chamber 331

gh first

reaches tip 54 where the fluid is channeled back toward blade root 52 throu
and second down pass chambers 351 and 333, A portien of the fluid in first down
pass chamber 351 is discharged through film holes 51. The fluid remaining in down
pass chambers 351 and 353 is combined near blade root 32 and chanmeled through up
pass chamber 355 toward airfoil tip 54, Fluid in up pass chamber 355 is discharged
via film holes 51. It should be appreciated that the fluid flowing radially through
central chamber 331 from root 52 to tip 54 is insulated by the other chambers and

passageways surrounding central chamber 331, such that the fluid within chamber 331

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

(00221 Cooling fluid from the first cooling fluid source is channeled
to flag 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 charobers 361 and 363 from root 52 to tip 54. At the tip 54, cooling fluid is
discharged from chambers 361 and 363 to outer surface 53 and cooling siots 55 via

the axially flowing chamber located 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 employed to cool the exterior sidewalls of the
airfoil, such as impingement cooling and near-wall cooling. The arrangement of the
various chambers within the cooling circuits facilitates isolation and insulation of
cooling flud, further facilitating cooling of the airtoll as & result of cooler cooling
fluid passing through the various chambers. Such an arrangement is made possibie by
advances in fabrication techniques, including, but not Himited to, rapid prototyping of
ceramic cores.  More specifically, traditional cooling schemes are limited by

manufacturing constraints related to the manufacture of ceramic cores used to create
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the passageways and chambers within cooling circuits,  New core production
processes reduce such constraints imposed by hard tooling and enable the core to take
new shapes and sizes. As a result, cooler operating temperatures within the rotor
blade facilitate extending a usefid life of the rotor blades in a cost-effective and

reliable manner.

[0024] While the invention has been described in terms of various

oo Y

specific embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:
1. An airfoil for a gas turbine engine, said airtoil comprising:

a first sidewall and a second sidewall coupled together at a leading

edge and a trailing edge, such that a cavity s defined therebetween;

a first cooling circuit defined within said cavity, said first cooling
circuit comprising a central chamber and at least one impingement chamber, said

1

central chamber in flow communication with said at least one frapingement chamber;

and

a second cooling circuit defined within said cavity, said second cooling
circuit comprising said central chamber and at least one down pass chamber, said
central chamber in flow communication with said at least one down pass chamber via

a channel defined near a tip of said atrfoil.

2. An airfoil in accordance with Claim 1 further comprising a

third cooling circuit defined within said cavity, said third cooling circuit comprising at
least one flag tip chamber, said at least one flag tip chamber in flow communication
with an axially flowing chamber in flow communication with at least one trailing

edge cooling slot.

3. An airfoll in accordance with Claim | wherein said at feast one
immpingement chamber comprises a leading edge chamber, a first cascade

impingement chamber, and a second cascade impingement chamber.

4. Axn avtoll in accordance with Claim 3 wherein said leading
edge chamber 8 in flow communication with satd central chamber via a first radially
extending row of opentngs, said first cascade impingement chamber is i flow
communication with said leading edge chamber via a second radially extending row
of openings, and said second cascade irapingement chamber s in flow communication
with said first cascade impingement chamber via a third radially extending row of

openings

9.
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5. An airfoil in accordance with Claim 4 wherein said second
cascade impingement chamber is in flow communication with a radially extending

row of film holes.

6. An awrfold 1n accordance with Claim 1 wherein said at least one
down pass chamber comprises a first down pass chamber, a second down pass

chamber, and an up pass chamber,

-~

7. An airfoil w accordance with Claim 6 wherein said first and
second down pass chambers are in flow communication with said central chamber,
and said first and second down pass chambers are in flow communication with said up

prass chamber.
8. A gas turbine engine assembly comprising:
a COmPressor;
a combustor; and

a turbine coupled fo said compressor, said turbine comprising an

airfoil, said airfoil comprising:

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 first cooling circuit defined within said cavity, said first cooling
circuit comprising a ceniral chamber and at least one impingement chamber, said
central chamber in flow communication with said at least one impingement chamber;

a second cooling circuit defined within said cavity, said second cooling

circuit comprising said central chamber and at least one down pass chamber, said

[e
(@]
=
=t
-y
foce]
iy
[

chamber 1 tlow communication with said at least one down pass chamber via

a chanunel defined near a tip of said airfoil.
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9. A gas turbine engine assembly in accordance with Claim 8
further comprising a third cooling circuit defined within said cavity, said third cooling
circuit comprising at least one flag tip chamber, said at least one flag tip chamber in

flow communication with an axially flowing chamber in flow comumunication with a

trailing edge cooling slot.

10, A gas turbine engine assembly in accordance with Claim 8
wherein said at least one impingement chamber comprises a leading edge chamber, a

first cascade impingement chamber, and a second cascade impingement chamber,

il A gas turbine engine assembly in accordance with Claim 10
wherein said leading edge chamber is in flow communication with said central
chamber via a first radially extending row of openings, said first cascade impingement
chamber is in flow communication with said leading edge chamber via a second
radially extending row of openings, and said second cascade impingement chamber is
in flow commaunication with said first cascade impingement chamber via a third

radially exiending row of openings.

2. A gas turbine epgine assembly mn accordance with Claim 11
wherein said second cascade impingement chamber is in flow communication with a

radially extending row of film holes.

i3, A gas turbine engine assembly in accordance with Claim &
wherein said at least one down pass chamber comprises a first down pass chamber, a

second down pass chamber, and an up pass chamber.,

14, A gas turbine engine assembly in accordance with Claim 13
wherein said first and second down pass chambers are in flow communication with
said central chamber, and said first and second down pass chambers are in flow

communication with said up pass chamber.

15, A method of fabricating a rotor blade for a gas turbine engine,

wherein the rotor blade includes an airfotl having a first sidewall and a second

211
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sidewall connected together at a leading edge and a trailing edge, such that a cavity is

Lo

tormed therebetween, said method comprising:

forming a first cooling circuit within the cavity, wherein the first
cooling circuit includes & central chamber and at least one impingement chamber that

is coupled to the central chamber;

forming s second cooling circuit within the cavity, wherein the second
cooling circuit includes the central chamber and at least one down pass chamber that

is coupled to the central chamber.

16. A method i accordance with Claim 135 further comprising
forming a third cooling circuit within the cavity, wherein the third cooling circuit
includes at least one tlag tip chamber that is in flow communication with an axially

flowing chamber in flow communication with 4 trailing edge cooling slot.

17. A method in accordance with Claim 15 wherein forming a first
cooling circuit comprises coupling a leading edge chamber, a first cascade
impingement chamber, and a second cascade impingement chamber with the central

chamber.
1&. A method in accordance with Claim 17 further comprising:

forming a first radially extending row of openings between the central

chamber and the leading edge chamber;

forming a second radially extending row of openings between the

leading edge chamber and the first cascade impingement chamber; and

ot

forming a third radially extending row of openings between the first

cascade mpingement chamber and the second cascade impingement chamber.

3

19, A method n accordance with Claim 18 further comprising
forming a radially extending row of film holes coupled to the second cascade

impingement chamber,
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20, A method in accordance with Claim 15 wherein forming a

second cooling circuit comprises forming a first and second down pass chamber that

are coupled together with the central chamber.
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