1 TURBINE BLADE W TH RADI AL COOLI NG CHANNELS BACKGROUND OF THE | NVENTI ON
The present invention relates to gas turbine engines, and nore particularly
5 to cool ed turbine blades for a gas turbine engine. Gas turbine engines,
such as an axial-flow turbine engine, include rotor assenblies with a-
rotating disk and a nunber. ofrotor blades circunferentially di sposed around
t he di sk. Rotor blades include a root portion for engaging with the disk and
an airfoil portion for positioning within the gas path ofthe engine. The
tenmperature within 10 this gas path is very high, resulting in the heating
ofthe rotor blades. If the rotor blades becone too hot, the durability of
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10 this gas pathis very high, resulting in the heating of the rotor blades. Ifthe rotor blades
become too hot, the durability of the airfoil will be adversely affected. Therefore, varicus
methods of cooling turbine blades have been used to improve the longevity and durability
of the turbine blades.
One method of cooling rotor blades is known as simple radial flow film
15 cooling. Inthis method, internal passages are formed in the rotor blade by drilling straight
holes from the base to the tip. The internal passages are cylindrical passages having a
single diameter from base to tip, due to the fact that they are formed by drilling. Film
holes are then drilled through the side walls of the rotor blade to adjoin with the internal
passages. Cooling air is then forced through the passages, which flows out of the film
20  holes. Cooling occurs both as the cooling air passes through the internal passages, and
also as it flows out and around the turbine blade. Simple radial flow film cooling was
largely abandoned because the method resulted in the release of too much cooling air into
the engine. It is undesirable to overcool the engine, because cooling air reduces the
pressure within the engine, thereby decreasing the efficiency and thrust of the engine.
25 To alleviate this problem, airfoil designs began to include complex intermal
passageways such as serpentine designs. In these airfoils, internal passapes were formed
to direct cooling air first from the base to the tip of the airfoil. The passage would then

turn sharply to direct the cooling air from the tip back to the base. The passage would



pressure within the engine, thereby decreasing the efficiency and thrust

ofthe engine. 25 To alleviate this problem airfoil designs began to include
conpl ex internal passageways such as serpentine designs. In these airfoils,
i nternal passages were formed to direct-cooling air first fromthe base to

the tip of the airfoil. The passage would then turn sharply to direct the
cooling air fromthe tip back to the base. The passage would 2 then turn
again directing the cooling air back toward the tip, and soon until it had

gone through the entire serpentine passageway. Serpentine designs present
numer ous problenms. One of the challenges is the difficulty of predicting
and nodeling the air flow and pressure,distribution through 5 a serpentine
systemwhile it is rotating. In particular, rotational forces resist the

(Vo of ool gl Byt LSRRI I bR bPal R DS RETSRELE
forces on the cabtougigthakutive serpeatiye ghsfabévedyl t. I n order to overcone the

rotational forces resisti thec%LOMlOf cooligg a%r fromthe tip to the base
of the airfoil, a suffic %H?mﬂﬁ LY PESTH RS PR eRh Ong o thgbaliengss of - an

i nternal paSSagqs&@diﬁﬁﬁ%f&@di&h@aﬁdrﬁoa*aﬁféfhe%)my&ﬁ p{e:&klﬁre*aﬁéi%utlfbhm&lgﬂi rfoil If

sufficient pressure is not present, cooling air w not fl owt hrough the
desired ser pént iaserppainhsystemstlile it sgotitmgi naaegimireatnglforeay resit thdfow df ur bi ne

bl ade. Furthernore, insufficien essure w thin. cpol i ng channel can
result in bac kaIOSW.gaﬁ?&&ﬂ%ﬁ%%@ﬁ&@%é’ﬁ bﬁS?%?%%ﬂ%@%%“%ﬂ@”ﬁ’ﬁ MBath flow
into filmholes @éprecld etti@ofidrb@iidnal foRtdtakhelcbding GiORMerRG fRiult. hbRig out .
This leads to undesired heating of the turbine blade. On the other hand, if
too nuch cool i ngPvareems e isiabnshprepsiesisies eglroher o vargRreIts irtdbe bigreh cool i ng
air will escape oMt AeiclehPrliQl-Efust bEFHLL LML dpBr AUEEEARIAR tPhrce t NE

engi ne.
10 the air back down to the base of the airfoil. If sufficient pressure is not present, cooling

air will not flow through the desired serpentine path, resulting in inadequate cooling of the
turbine blade.
Furthermore, insufficient pressure within the cooling channel can result
in backflow. Backflow occurs when hot gases from the gas path flow into film holes of
15 the airfoil, rather than cooling air flowing out. This leads to undesired heating ofthe
turbine blade. On the other hand, if too much cooling air is present in the cooling
channels, too much cooling air will escape from the film holes, resulting in overcooling of
the engine.
BRIEF SUMMARY OF THE INVENTION
20 Turbine blades of a gas turbine engine can be effectively cooled by
ufilizing radially extending cooling channels that feed a plurality of film holes. Anamount
of cooling air passing through the cooling channels is controlled by pre-meter orifices
located at one end of the cooling channels. The pre-meter orifices have a cross-sectional
area that allows enough cooling air to pass into the cooling channel to adequately cool

25 the turbine blade, but also limits the flow of cooling air so as to not overcool the engine.



BRI EF SUMVARY OF THE | NVENTI ON 20 Tur bi ne bl ades of a gas turbine engine can
be effectively cooled by wutilizing radially extending cooling channels that
feed a plurality of filmholes. An amobunt of cooling air passing through
the cooling channels is controlled by pre-neter orifices |ocated atone end
of the cooling channels. The pre-neter orifices have. across-sectional area
that all ows enough cooling air to pass into the cooling channel to
adequately cool 25 the turbine blade, but also |imts the flow of cooling
air so as to not overcool the engine. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view of a turbine rotor assenbly. FIG 2 is a
perspective view of a turbine bl ade. F%G. 3 is a cross-sectional view of a
turbine blade. 5 FIG 4 is a magnified cross-sectional view of the turbine
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assenbly 10 of a gas turbine engine. Turbine ftotor assenbly 10 incl udes
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engine. Turbine rotor assembly 10 includes disk 12 and turbine blades 14. Disk 12
includes a plurality of recesses 16 circumferentially disposed around disk 12 and a
10 rotational centerline 18 about whichdisk 12 mayrotate. Turbine blades 14 include root
20, airfoil 22, and platform 24. Root 2(Q is shaped to mate with one of recesses 16 of
disk 12 (such as with a fir tree configuration, as showm). Airfoil 22 extends from disk 12
along radial centerline 25. Airfoil 22 includes pressure side wall 26 and suction side wall
28. Platform 24 rests against the outer circumference of disk 12 and provides side-to-
15  side stability to airfoil 14. Turbine blade 14 can be made using conventional
manufacturing techniques, such as by investment casting.
In operation, turbine rotor assembly 10 rotates along rotational centerline
18 as hot gases pass by airfoils 14. The high temperature.of the gases cause turbine
blades 14 to heat up. In order to meet desired durability requirements, the turbine blade
20 must be kept below a maximum temperature. To do so, cooling air at a temperature less
than the temperature of the hot gases is routed through turbine rotor assembly 10.
Cooling air is then directed into root 20 of turbine blade 14, The cooling air passes
through cooling channels and exits through film holes in sidé walls 26 and 28 (as shown
in FIG. 2) As the cooling air exits the film holes, it forms a film layer of cooling air over

25 turbine blade 14. The film layer cools and insulates the blade from the hot gases passing

by.



In operation, turbine rotor assenbly 10 rotates along rotational centerline
18 as hot gases pass by airfoils 14. The high tenperature of the gases cause
turbine blades 14 to heat up. In order to neet desired durability

requi renents, the turbine blade 20 nmust be kept bel ow a maxi'num t enper-ature.
To do so, cooling air at a tenperature |less than the tenperature of the hot
gases is routed through turbine rotor assenbly 10. Cooling air is then
directed into root 20 of turbine blade 14. The cooling air passes through
cooling channels and exits through filmholes in side walls 26 and28 (as
shown in FIG 2) As the cooling air exits the filmholes, it forns a film

| ayer of cooling air over 25.turbine bljade 14. The filmlayer cools and

i nsul ates the blade fromthe hot gases passing by. 4 FIG 2 is a
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trailing edge 36. Wthin turbine blade 14 area plurality of ribs 48
ext endi ng from b4EmBihehst 4355 32 (sone extending fromroot 20 to tip 32) and
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10 Turbine blade 14 includes root 20, airfoil 22, and platform 24. Airfoil 22 includes base
30, tip 32, leading edge 34 and trailing edge 36. Within turbine blade 14 are a plurality
of ribs 48 extending from base 30 to tip 32 (some extending from root 20 to tip 32) and
between side walls 26 and 28, which form barriers between cooling channels 40 to direct
the flow of cooling air within turbine blade 14. Cooling channels 40 include root cooling
15 channels 42 and airfoil cooling channels 44. Within cooling channels 44 are a plurality
of trip strips 50 attached to the interior surface of one or both of side walls 26 and 28.
Cooling channels 40 extend radially within turbine blade 14, in a direction
parallel with radial centerline 25 shown inFIG. 1. Cooling channels 40 include root
cooling channels 42 and airfoil cooling channels 44, which are separated by pre-meter
20 orifices 52, Cooling channels 44 may have any desired cross-sectional shape, such as
circular, rectangular, triangular, or the like. The desired shape and size will vary
depending on the particular operating specifications. Inaddition, it may be desirable for
cooling channels 44 to taper from base 30 to tip 32 (such that the cross-sectional area
decreases from base 30to tip 32) to maintain the desired pressure within cooling channel

25 44 as cooling air escapes from film holes 38.

Pre-meter orifices are disposed between cooling channels 42 and 44 to

control the air flow into cooling channel 44, The air flow into cooling channel 44 can be



the flow ofcooling air within turbine blade 14. Cooling channels 40 include
root cooling 15 channels 42 and airfoil cooling channels 44. Wthin cooling
channels 44 area plurality of trip strips 50 attached to the interior
surface of one or both of side walls 26 and 28. Cooling channels 40 extend
radially within turbine blade 14, in a direction parallel wth radial
centerline 25 shown in FIG - 1. Cooling channels 40 include root cooling
channels 42 and airfoil cooling channels 44, which are separated by
pre-meter 20 orifices 52. Cooling channels 44 may.have any desired
cross-sectional shape, such as circular, rectangular, triangular, or the

| i ke. The desired shape and size wll -vary depending on the particul ar
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30 causes 10  apressuredrop to occur from cooling channel 42 to cooling channel 44. The reduced

pressure in cooling channels 44 means that larger film holes 38 can be used, without
overcooling the engine. In particular, the cooling air flow out of film holes 38 can be
controlled by balancing the cross-sectional areas of pre-meter orifices 52, the cross-
sectional areas of cooling channels 40, and the cross-sectional areas of film holes 38
i5 (shown in FIG. 2} to provide the appropriate amount of cooling air to specific areas of
turbine blade 14. This is discussed in more detail with reference to FIG. 4.

Trip strips 50 are disposed within cooling channels 44 at an angle that
is skewed relative to the cooling air flow direction, Preferably, trip strips 50 are oriented
atan angle of approximately 45 ° to the flow direction of the cooling air. Trip strips add

20 turbulence to the cooling air flow, which increases the heat transfer coefficient inside
cooling channels 44, thereby improving the heat transfer from airfoil 22 to the cooling air.

In operation, cooling air enters cooling channels 40 of turbine blade 14
at root 20. The cooling air flows from root 20, through pre-meter orifices 52, into the
base of airfoil 22, and is then directed toward tip 32. As thé cooling air flows from base

25 30totip 32 within cooling channels 40, some of the cooling air escapes through film
holes 38. Once cooling air has escaped from film holes 38, the air flows along side walls

26 or 28 and forms a film layer of cooling air overthe surface-of airfoil 22, This film layer



10 a pressure drop to occur fromcooling channel 42 to cooling channel 44.
The reduced pressure in cooling channels 44 neans that |arger filmholes 38
can be used, without overcooling the engine. In particular, the cooling air
flow out of filmholes 38 can be controlled by bal ancing the -
cross-sectional areas of pre-neter orifices 52, the cross- sectional areas
of cooling channels 40, and the cross-sectional areas of filmholes 38 15
(shown in FIG 2) to provide the appropriate anmount of cooling air to
specific areas of turbine blade 14. This is discussed in nore detail wth
reference to FIG 4. Trip strips 50 are disposed within cooling channels 44
at an angle that is skewed relative tg the cooling air flow direction.
Preferably, trip strips 50 are oriente at an angle of approximately 45 to
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the cooling air. _In operation, cooling air enters cooling channels 40 of
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cool i ng chanoel shééging@nHopser, aeihaifficent fliive @8l nbidequately cool the turbine blade,
resulting in reduced longevity and durability of the turbine blade.

Conventional turbine blade designs with radial cooling channels were
largely abandoned due ;co the fact that they would either overcool the engine or become
clogged with sand or other debris. Gas turbine engines are often used onaircraft or other

15 machines that operate in sandy or dusty environments. Inorderto avoid overcooling,
conventional systems used very small film hole sizes that would limit the flow of cooling
air. However, these film hole sizes were so small that they could become clogged with
sand and other debris. Once the film holes were clogged, the film holes reteased little or
no cooling air. Asaresult, the cooling system became ineffective in cooling turbine blade

20 14, Another problem with conventional turbine blades that utilized small film holes was
that the entire pressure drop occurred at the film hole. Asaresult, the cooling air flow
out of'the film hole had a high velocity, The high velocity cooling air must mix with the
external air and hot gases resulting in large mixing losses. The mixing loses lead to
aerodynamic inefficiency of the turbine blade. ‘

25 Therefore, it was believed that large film hole sizes had to be used to

avoid clogging and reduce the velocity of exiting cooling air, which would result in

overcooling of the gas turbine engine. As aresult, turbine blade designs with radial



One ofthe difficulties encountered with conventional turbine blade designs
was that the flow of cooling air fromthe filmholes could not be
adequately controlled. If too much cooling air is released fromthe film
hol es, the efficiency of the gas turbine engine is reduced because it
overcool s the conbusti on gases and al so reduces the pressure within 10 the
engi ne. However, an insufficient flow will not adequately cool the turbine
bl ade, resulting in reduced |ongevity and durability of the turbine bl ade.
Conventional turbine blade designs with radial cooling channels were

| argel y abandoned due to the fact that they would either overcool the engine
or becone clogged with sand or other debris. Gas turbine engines are often
used on aircraft or other 15 nachines t'hat operate in sandy or dusty
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in favor of conpl @xugonkdafg ofitrddlReposikais \gatonal forces (in the direction from tip 32 to
bgse 30). This greatly increases the complexity of predicting the flow of cooling air within
the turbine blade.
This embodiment provides radial cooling channels 40 that eliminate the
difficulties experienced with more complex designs, but also overcomes the problems
15 experienced with conventional radial bool'mg designs. Specifically, pre-meter orifices 52
provide a means of controlling the flow of cooling air into cooling channel 44 to avoid
overcooling the engine and to avoid undercooling turbine blade 14.
The cross-sectional area (A) of each airfoil cooling channel 44 at base
30 is greater than the cross-sectional area (Aq) of the respective adjacent pre-meter
20 orifice. The change in cross-sectional area results in a pressure change as cooling air
passes through pre-meter orifice 52 into base 30 of cooling channel 42, As aresult, the
pressute P2 atbase 30 of cooling channel 44 is less than the:pressure P1 within cooling
channel 40 within root 20. Asaresultofthe reduced pressure in cooling channels 44,
film holes 38 {with cross-sectional area Ag) can be sized large enough to avoid clogging
25 by sand or other debris.

The size and shape of pre-meter orifices 52 will vary depending on'the

specific requirements of the system, and the requirements of the specific cooling channel.



such as those having serpentine cooling channels. One of the benefits

of radi al cooling channels, as opposed to serpentine cooling channels or

ot her conplex configurations is that the flow of cooling air within 5
radi al cooling channels is nuch easier to predict and cal cul ate. The fast
rotation of turbine rotor.assenbly 10 (shown in FIG 1) generates |arge
rotational forces that act upon turbine blade 14 as well as the cooling air
cont ai ned inside. Radial cooling channels wuse the radial forces to help
push cooling air frombase 30 to tip 32 of airfoil 22. Serpentine designs
attenpt to work against the rotational forces by forcing cooling air 10

t hrough passages oriented opposite thegrotational forces (in the direction
fromtip 32 to base30). This greatly increases the conplexity of predicting
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10 engine, and other variables that will be understood by one skilled in the art of turbine
blade design.

Although the present invention has been described with reference to

preferred embodiments, workers skilled in the art will recognize that changes may be

made in form and detail without departing frorn the spirit and scope of the invention.



The size and shape of pre-neter orifices 52 will varydependi ng ont he
specific requirenents ofthe system andthe requirenents of the specific
cooling channel. it 8 The shape of a cross-section of pre-neter orifice 52
can be designed to control the direction of cooling air flow entering

cool ing channel 42. For exanple, a triangular cross- section may be used to
direct the air flow nore to one side than the other-side. An endl ess

vari ety of cross-sectional shapes are contenpl ated. The cross-sectional area
of 5 pre-nmeter orifice is designed to provide the appropriate anount of
cooling air to and out off filmholes 38. The cross-sectional area w |

t heref ore depend on nunerous vari ables_ including the tenperature of the hot
gases outside turbine blade 14, the terperature of the cooling air, the
nunber and size éﬂA%%%n1holes bei ng supplied by the respective pre- neter
orifice, the rotati | speed ofthe turbine rotor,. the desired thrust of the
gas turbine 10 engine, and iaihRhlatd@Rlsgg: that will be understood by one
skil led in the art of turbine blade design. Al though the present invention
has been described w th refarfehlewinge leagingddes. r tdliegrddeda frsrdd wallomker s ski | | ed
inthe art wll recognize that%gQ%g%eamHay be made in form and detai

w t hout departing fromthe spir|% and scope of the invention. 9 CLAIM: 1.
A turbine bl ade conpri si ngeoding ahanfididdialawitagling Wieadihagrenl ge dirécthgai | i ng
edge, a first side wall, and a second side wall; a,coolin% channel radially
extending within the airfoil f@pln@iapglg:tugkﬁgeanfoﬂ,thccoohngchanncl aving a first

end and a second end and a cross-sectional area at the first end;
and

an orifice adjacent the first end of the cooling channel, a cross- sectional
area of the orifice being less than the cross- sectional area of the

first end of the cooling channel.

2. The turbine blade of claim 1, further comprising film holes extending from

the cooling channel through at least one of the side walls.

3. The turbine biade of claim 2, wherein the ﬁim holes each have a cross-

sectional area less than the cross-sectional area of the firstend of the cooling channel.

4, The turbine blade of claim 1, further comprising ribs extending radially
within the airfoil between the first side wall and the second side wall and adjacent the

cooling channel.

5. The turbine blade of claim 1, further comprising a platform between the

airfoil and the root.



cooling airthrough the airfoil, the cooling channel having a first end and
a second end and a cross-sectional area at the first end; and an orifice
adj acent the first end of the cooling channel, a cross- sectional area
ofthe orifice being |l ess than the cross- sectional area of the first end of
t he cooling channel. 2. The turbine blade of claim1, further conprising
filmholes extending from the cooling channel through at |east one of the
side walls. 3. The turbine blade of claim2, wherein the film hol es each
have a cross- sectional area |less than the cross-sectional area of the first
end of the cooling channel. 4. The turbine blade of claim1, further
conprising ribs extending radially within the airfoil between the first
side wall and the second side wall an&oadjacent the cooling channel. 5. The

turbi ne blade of. claim11, further conprising a_ platformbetween the airfoi
and the root. 16 6. The'pﬁ%ﬁ%ﬂ%ﬂ%?ﬁggmB’“@%&Pﬁ?f?#ﬁﬁﬁwéﬂﬁmﬁﬁéﬁﬁ”t
cross-sectional edd &@hetbolidd@hdrnkISs grea@pthadhe &h8 600k A6 £HRBNGHd i 0BT €at er
than the cross-sectional area at the second end of the cooling channel. 7.

The turbine bl ade coplind hipmel, further conprising: a root extending
substantially parallel with the airfoil; and a platform connected between
the airfoil and the root. 8. The turbine blade of claim7, the root
conprising a roagt cool i ngrighabine bladext@niedi ngrthadbablisingd t hin t he root for
directing cooling air into the airfoil. | _ o

a root extending substantially parallel with the airfoil; and

a platform connected between the airfoil and the root,

8. The turbine blade of claim 7, the root comprising a root cooling channel

extending radially within the root for directing cooling air into the airfoil.

9. A turbine rotor assembly coﬁprising:
adisk having a plurality of recesses circumferentially disposed around
the disk;
a plurality of turbine blades having aroot, a platform, and an airfoil,
wherein the root is shaped to mate with one the recesses, and
wherein the airfoil comprises:
aradial cooling channel having a firstend and a second end, and
a cross-sectional area at the first end; and

an orifice adjacent the cooling channel and having a cross-
sectional area, wherein the cross-sectional area of the
orifice is less than the cross-sectional area of the first

end of the cooling channel.

10. The turbine rotor assembly of claim 9, the airfoil further comprising:

a first side wall;

a second side wall opposite the first side wall; and



9. Aturbine rotor assenbly conprising: a disk having a plurality of
recesses circunferentially disposed around the disk; a plurality of turbine
bl ades having a root, a platform and an airfoil, wherein the root is
shaped to mate with one the recesses, and wherein the airfoil conprises: a
radi al cooling channel having a first end and a second end, and a
cross-sectional area at the first end; and an orifice adjacent the cooling
channel and having a cross- sectional area, wherein the cross-sectional
areaofthe orifice is less than the cross-sectional area of the first end
of the cooling channel. 10. The turbine rotor assenbly of claim9, the
airfoil further conprising: a first side wall; a second side wall opposite
the first side wall; and 11 ribs extending radially within the airfoi

between the first side wal.l_ and.the.second si wal | ,apd adj acent the

cool ing channel. 11. The Ph? @ﬁ%m¥%¥@¥W@?@%ﬁﬁggmﬁﬁmEW3ﬁﬁ@%6%gﬁﬁ@&ﬁirfoi
further conprising a pluralityc@id sfdehwa B Rfcéd tRlobiBRTha@@e of the first
and second side walls and adjoining the cooling channel. 12. The turbine

rotor assenbly ofclaim11l, wherein the orifice has a cross- sectio nal area

greater than a Cﬁoss-sect&gg:%.%r 3, 0L QD& R f f.il. | es and a cross-
sectional area greater than ? glggoé??geﬁgFoﬁ%(ﬁ§$%g@0 HeHPEE%end of t he
cool i ng channel . plurality of film holes inat least one of the first and second side walls and adjoining the

cooling channel.

12, The turbine rotor assembly of claim 1 1, wherein the orifice has a cross-
sectional area greater than a cross-sectional area of one of the film holes and a cross-

sectional area greater than the cross-sectional area of the first end of the cooling channel.

13. The turbine rotor assembly of claim 11, wherein the first end of the

cooling channel is at a base region, opposite a tip region, of the airfoil.

4. The turbine rotor assembly of claim 9, wherein the root comprises a

radial cooling channel.

15. The turbine rotor assembly of claim 9, further comprising a plurality of

trip strips within the cooling channel to increase the turbulence of the cooling air.

16. An airfoil for a turbine blade comprising:
a radial cooling channel;
means for limiling cooling air flow into the cooling channel; and

means for limiting cooling air flow from the cooling channel.

17. The airfoil of claim 16, wherein the means for limiting cooling air flow into

the cooling channel is an orifice.



13. The turbine rotor assenbly of claim 11, wherein the first end of the
cooling channel is at a base region, opposite a tip region, of the airfoil.
14. The turbine rotor assenbly of claim9, wherein the root conprises a
radi al cooling channel. t5. The turbine rotor assenbly of claim9, further
conprising a plurality of trip strips within the cooling channel to

i ncrease the turbul ence of the cooling air. 16. An airfoil for a turbine
bl ade conprising: a radial cooling channel; neans for limting cooling air
flow into the cooling channel; and neans for limting cooling air flow from
the cooling channel. 17. The airfoil ofclaiml|6, wherein the neans for
limting cooling airflowinto the COﬁt%ng channel is an orifice. 12 18.
The airfoil of claim 16, wherein the ns for limting cooling air flow
fromthe cooling,channel 19., The rfai.l of claim 16,
further conpri 5|g1 Ry ribs et?eaﬁmdr?ﬁép?"g‘g AtIeF SRR fot ivating cpelisiepi 4R adj acent
t he cool i ng chammgl the 286linkRRar@tlrié Ofilm @fle.cl @i m 16, further conprising: a
first side wall having a leading edge and a trailing edge; a second side
wal | opposite the first side wall and connected to the first side wall at
the | eading edgggand the ' n si de wal
and the segondg§1de wal | %ﬂ lgypgmﬁgggﬁnﬁ& m@#ﬁ gﬁ%ﬁ%ﬁ %ﬁgﬂ t%%l to
define the COO|HﬁgmﬂhmmnﬁwﬁwmuﬂmcodﬁgChameh

20. The airfoil of claim 16, further comprising:
a first side wall having a leading edge and a trailing edge;
asecond side wall opposite the first side wall and connected to the first
side wall at the leading edge and the trailing edge; and
ribs between the first side wall and the second side wall and extending

radially within the airfoii to define the cooling channel.





