TURBINE BLADE TIP SQUEALER AND REBUILD METHOD Technical
Field and Background of the Invention The present invention relates
generally to turbine blades for a gas turbine engine and, in particular, to a
method of rebuilding the tips of continuous incline turbine blades, and the
resulting rebuilt blade. It is well known that air is pressurized in a

compressitIOharu3s Auskingrenging Ang rmixed with fugipmarcpaipgstor to

generate hot combustion gases. These gases flow downstream through
one or more turbines where energy is extracted. In a typical turbine, a row
of circumferentially spaced-apart rotor blades extend radially outwardly
from a supporting rotor disk. Each blade typically includes a dovetail

TeohichapEintitarb Bapkanp widl iz bureipof the blade in a corresponding

dovetail slot in the rotor disk, as well as an airfoil which extends radially
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. side and generally convex suction side extending axially between
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ard ti HRelbladeiiniisrlasely spaced in relation to an outer turbine shroud
for minimizing leakage of the combustion gases flowing downstream

1 3EWGPR, e tyibing blades Maximum efficiency of e enaing s obtained,
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omhustion gases, an effec{ive ling is therefore.required in order.to . .
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which permits assembly and disassembly of the blade in a corresponding dovetail slot
in the rotor disk, as well as an airfoil which extends radially outwardly from the

dovetail.

The airfoil has a generally concave pressure side and generally convex suction side
extending axially between corresponding leading and trailing edges and radially
between a root and a tip. The blade tip 1s closely spaced in relation to an outer turbine
shroud for minimizing leakage of the combustion gases flowing downstream between
the turbine blades. Maximum efficiency of the engine is obtained by minimizing the
tip clearance, but is limited by the differential thermal and mechanical expansion and
contraction coefficients between the rotor blades and the turbine shroud. Sufficient
spacing must be maintained in order to minimize the occurrence of undesirable

contact between the blade tip and the turbine shroud.

The turbine blades are bathed in hot combustion gases, and effective cooling is
therefore required in order to extend the useful life of the blade. The blade airfoils are
hollow and disposed in flow communication with the compressor so that pressurized
air may be bled from the compressor and used in cooling the airfoils. Airfoil cooling

is quite sophisticated and may be effected using various forms of internal cooling
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hollow and disposed in flow communication with the compressor so that
pressurized air may be bled from the compressor and used in cooling the
airfoils. Airfoil cooling is quite sophisticated and may be effected using
various forms of internal cooling 1 channels and features, as well as
cooling holes through the walls of the airfoil for discharging the cooling

cralindite.plpde tipls partiedlady.diffiantin&oglsinge ihdsJosrted girestni for
.adjacent to the turbine shroud and the hot combustion gases which flow

digshstigRankedeaRe alecordingly, a portion of the air channeled inside the
blade is typically discharged through the tip for cooling. The tip typically
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f the blade for contajning the ,cooling air. Ti es are also provided
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bl d%t' No. 5,261,789 to Butts et al.; U.S. Pat. No. 6,179,556 to Bunker; U.S.

at. No. 6,190,129 to Mayer et al.; U.S. Pat. No. 6,059,530 to Lee and
U.S. Pat. No. 6,672,829 to Lee. These patents disclose various blade tip
Geusifilir diio He Whisks rotaasrsfetroartng fresspesitmpyossstecdod suction

sidides iearder i pareds e QuvigsisiRNGs (areual e HIRGAR: the pressure and
suction side ribs and encloses the top of the blade for containing the cooling air. Tip

holes are also provided which extend through the floor for cooling the tip and filling

the tip cavity.

Several patents relate to the cooling of turbine blade tips, including: U.S. Pat. No.
5,261,789 to Butts et al.; U.S. Pat. No. 6,179,556 to Bunker; U.S. Pat. No. 6,190,129
to Mayer et al.; U.S. Pat. No. 6,059,530 to Lee and U.S. Pat. No. 6,672,829 to Lee.
These patents disclose various blade tip configurations which include an offset on the

pressure and/or suction sides in order to increase flow resistance through the tip gap.

In particular, Patent No. 6,672,829 discloses a turbine blade tip that alters the pressure
distribution near the tip region to reduce the overall tip leakage flow and thereby
increase the efficiency of the turbine. The blade tip develops a recirculation zone
adjacent the ribs in order to improve the flow characteristics and pressure distribution
at the tip region. This is accomplished by means of an inclined squealer and a
shiclded film shelf. It is anticipated that the tip region of the blade will require
several rebuilds during the service life of the blade. A practical way of carrying out

these rebuild procedures is necessary to achieve the full advantage of this new blade.
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In particular, Patent No. 6,672,829 discloses a turbine blade tip that alters

the pressure distribution near the tip region to reduce the overall tip

leakage flow and thereby increase the efficiency of the turbine. The blade

tip develops a recirculation zone adjacent the ribs in order to improve the
THIoWpliRERicke dsiigssan therass uiectistibatiaRcakihe HRJRgIAR- (FR M5 to carry

accomplished by means of an inclined squealer and a shielded film shelf,
Oufy élanﬁ-’awé@earﬂ?gﬁh@q% FeyiETOfARE Brieswhladaumieh sHverede rébm ghelf
notithdégg the service life of the blade. A practical way of carrying out these

rebuild procedures is necessary to achieve the full advantage of this new

blade. 2.This application discloses the use of electrical discharge
Sur%%gﬁﬁﬁquh(%%ﬁ‘r\%%g%arry out this rebuild process, and the resultant

turbine blade with discrete film shelf notches. Summary of the Invention
On% SpePEe ﬁl%f tr%%e%ﬁ%@@étigveqggpcigé%vtlﬁr%?ng g;g % or%%%‘set%% & gggine,
o engine,  comprising: ?a[)) an airfoil having 1irst and secon

séacecf’:apart sidewalls defining an interior void and joined at a leading

edge and a trailing edge; (b) the first and second sidewalls extending from
(@) rodtirdERibhay Esmdscaavd enrtshapptt aideralls delimiamanifnterior void
an@Xtaneing puinmndlyfeerhihe timieap iR squealer tip comprising: (i) a

plurality of spaced-apart notches formed in the airfoil proximate the tip

ap and petween the leading edge and the trailing edge of the airfoil ..
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dorexspibtaiedinisahelf, and further wherein each notch is defined by a top

wall oblique with respect to a plane

(c) a squealer tip extending outwardly from the tip cap, the squealer tip comprising;

(1) a plurality of spaced-apart notches formed in the airfoil proximate the tip
cap and between the leading edge and the trailing edge of the airfoil, wherein each
notch is recessed with respect to the first sidewall to form a respective tip shelf, and
further wherein each notch is defined by a top wall oblique with respect to a plane
perpendicular to a longitudinal axis of the blade and oblique to the first and second
spaced-apart sidewalls, and the respective tip shelves are perpendicular to a surface of

the first and second spaced-apart airfoil sidewalls; and

(i1) at least one hole in each tip shelf communicating with the interior void of

the airfoil for channeling cooling air from the interior void of the airfoil.



perpendicular to a longitudinal axis of the blade and oblique to the first

and second spaced-apart sidewalls, and the respective tip shelves are

perpendicular to a surface of the first and second spaced-apart airfoll

sidewalls; and (ii) at least one hole in each tip shelf communicating with
Acthedinterior waidabErtheiedrfeinfardbhannalingizodtingnsisiiomhdhgirigeortip is
intyoid of the airfoil, 3 According to an alternative embodiment of the
[ erPfionI,n%ﬁe squealertip’is integrally-formed with the airfoil. According to

another embodiment of the invention, the squealer tip is formed from

material. welded to the tip cap. ording te another embodiment of th
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mapérrdtelebldihe thip 8heHdbeing substantially normal to the

radially-extending axis of the blade and each of the notches having a

width in substantial alignment with the width of the airfoil and a height
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advantages of the invention will appear as the invention proceeds when
exiedRgaxor] thr bt vitrhaseiache Wi hagmae, thewieteRMG. 1is a

perspective view of an exemplary gas turbine engine rotor blade disk

Advemdingadighiniascartannasnibrtine inachidastat drs: RRIQBI NG pressure side
6,672,829;
sidewai%, ang the notches are formed in the pressure side sidewall.

Brief Description of the Drawings

Some aspects of the invention have been sef forth above. Other aspects and
advantages of the invention will appear as the invention proceeds when taken in

conjunction with the following drawings, in which:



FIG. 2 is an fragmentary enlarged view of the blade tip illustrated in FIG.
1; FIG. 3 is an elevational, sectional view through the blade tip illustrated
in FIG. 2, taken generally along line 3--3, and depicting a maximum angle
between a longitudinal axis through the blade tip ribs and the radial axis;

FRIG] 4dsanaipmatianalesectionabyienptirpuagh Hnaaniad@gwlmat’eldde disk
FIG. 3 within the turbine shroud, t ken along lin
hayangatitg 0 ﬁﬁﬁmwamﬁb Wﬁﬁ%ﬁ@fﬁ%ﬁ%&?‘é ﬁg%ﬁe blade

tip ribs and the radial axis; FIG. 5 is a cross-sectional view of the blade tip
FicitR thed&maged oy woersdueate pighourddeffiFiBise isd trd$s-sectional
view of the blade tip with additional squealer material added by welding to

ﬁt‘se top o, thePlade P s Bl R €T O8RS Ngs;l éﬁ@%x@&éseﬁ?qtm%ew of thes. 2,

blade tip showing the position of the ED ctrodes; FIG. 8 is a

ta&%sgge@taaﬁalamgpé@mévféwaefithéemaaegnpiswwfﬁe%gﬁﬁaﬁeﬁveﬁn a

dinsausalenand film.shelle fliv2 %@ arossasactignal perspective view
of the blade tip showing the formation of the film cooling holes in the tip

uealer and film shelf; FIG. 10 is an fragmen ary enlar ew of the
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wafhehhle tlbisasHaw diagrameehamethee ofigbuildingnad WeAtafe a minimum
damaged ti tp squealer. Descn%;on of he ferre Em%é ent and Best
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blade of a gas turbine engine according to the prlor art is illustrated in
FRijUréslaandssheutingenerallyo Sthe blade tip with the damaged or worn squealer

ground off;

FIG. 6 1s a cross-sectional view of the blade tip with additional squealer material

added by welding to the top of the blade tip;

FIG. 7 is a cross-sectional perspective view of the blade tip showing the position of
the EDM electrodes;

FIG. 8 is a cross-sectional perspective view of the blade tip showing the formation of

the tip squealer and film shelf;

FIG. 9 is a cross-sectional perspective view of the blade tip showing the formation of

the film cooling holes in the tip squealer and film shelf;

FIG. 10 is an fragmentary enlarged view of the rebuilt blade tip with discrete inclined

tip squealer and film shelf notches; and
FIG. 11 is a flow diagram of a method of rebuilding a wom or damaged tip squealer.
Description of the Preferred Embodiment and Best Mode

Referring now specifically to the drawings, a high pressure turbine blade of a gas

turbine engine according to the prior art is illustrated in Figure 1 and shown generally
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at reference numeral 10. The blade 10 is mounted directly downstream
from a combustor (not shown) for receiving hot combustion gases. Blade
10 extends radially outwardly from a rotor disk, not shown, along a radial
axis. Blade 10 includes a hollow airfoil 12 and a dovetail 14 configured for
being mounted in a correspondinﬁdﬁovetail slot in the perimeter of the

at gstgraisk S Blade 10 htsBlmkiudedammtegrhdiisiontors dspasEamt 2
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radially inner flowpath for combustion gases. Blade 10 may be formed in
U CanbE BRI ?S%ﬁ-%ﬂl%%p?&%nﬁ/ 3 BHEpRE cgé%ﬂffg!%m&lﬁ a
hofleferatlyl NMchides éogenirodly eohaad pressie siclewallizQ andeaponding
do%{%ﬂssitgf .ge{ggraell.mc nve thgucticgrgl:si ewall 22 extending between
opposite lea m% and trailing é?ltﬁeslf "and 26, respectively. Sidewalls 20
and 22 also extend in the radial direction between a root 27 at platform 18

Therelasls dtitelseipreBidgn drardespalcpldt Bpart Svdisnhecé atithegpartionaiffanien
120.dgfigg.atieast ong iateimalflaw,chanmel B0nSesdlG Suiar ehannaling:
cooling air through the airfoil 12. The cooling air is typically bled from
coppteRsEstRotSrtivhY imahPednvEttoaAfaRABY CHTHE #hIMBTST aiidilis

typrRdTY b@ézgiggycggﬁlﬁi@uration including, for example, serpentine flow
channels with various turbulators formed therein for improving cooling air

effectivene ith the cooling air being discharged through fil lin
AR e S S e T o RS A S T PO an
oniip 28 peeferalbiycnclatesiattip cappdalintgralipdormedwatoptipesiadiatying
er.ends of the, pressure and uc{ion idewalls 26; 2 spectively, . .
| LN PIESIHY 3 nFIRETN
o AT SHSUANS 20 s PRREEN by e
radiah fivsctiporibe 88 preferabB/estte doradidlwroliovandty fioaftipnd are spaced
apart over the entire span of airfoil 12 to define at least one internal flow channel 30,
see FIG. 3, for channeling cooling air through the airfoil 12. The cooling air is

- typically bled from compressor {not shown) in any conventional manner.

The inside of airfoil 12 may have any configuration including, for example,
serpentine flow channels with various turbulators formed therein for improving

cooling air effectiveness, with the cooling ar being discharged through film cooling

holes 32 and trailing edge discharge holes 34.

As seen in FIGS. 1 and 2, tip 28 preferably includes a tip cap 36 integrally formed
atop the radially outer ends of the pressure and suction sidewalls 20, 22, respectively,

where the tip cap 36 bounds internal flow channel 30,

As is shown in FIG. 2, a first tip rib 38 preferably extends radially outwardly from tip
cap 36 between the leading and trailing edges of the pressure sidewall 20. A second
tip rib 40 extends radially outwardly from tip cap 36 adjacent suction sidewall 22.
The first tip rib 38 is recessed from the pressure sidewall 20 to form a tip shelf 42

substantially parallel to tip cap 36 as in accordance with the prior art to improve

cooling of tip 28.



cap 36 between the leading and trailing edges of the pressure sidewall 20.
A second tip rib 40 extends radially outwardly from tip cap 36 adjacent
suction sidewall 22. The first tip rib 38 is recessed from the pressure
sidewall 20 to form a tip shelf 42 substantially parallel to tip cap 36 as in
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3fhclined with respect to the radial axis of the blade, and a longitudinal axis
of the second tip rib 40 may be substantially parallel to the first tip rib 38,
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above-described structure is generally referred to as a "squealer tip."

apyhdhabipdetsnthd agiiadsiahe aefdbxosepnnitsinidrdtivey be substantially
gfmaqwﬁeﬁ@tﬁ@{%g%mg%%%ﬁﬁ%&!maﬁy %ﬁ%ﬁeﬁsf@l@'fﬁﬁ%f&of the

FIG. 5, it is presumed that the b 10 has beén placed in use and

biatitet bedmuabrugelssried firzgmaswemerslnagordinarca "squeaﬁe1 tip.”
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referred embodiment of the method of the invention, the damaged or
“Wtefrﬁ AGiBY ©fH9Eip228 are ground off by conventional means and the
remaining tip cap 36 is dressed and otherwise prepared to receive

radetiiapalswateiat: AS is ishpws il Gabraaledial oy meaew iissd andse and
secaond tlg ribs 38', 40' is welded to the tip cap 36 to form a blank from
}\%f‘dﬁ‘fﬁ ﬁ%damaged or the tip 28 has worn to the point where replacement is

required for continued use. In accordance with one preferred embodiment of the
method of the invention, the damaged or ‘worn portions of the tip 28 are ground off by
conventional means and the remaining tip cap 36 is dressed and otherwise prepared to
receive additional material. As is shown in FIG. 6, material to form new first and
second tip ribs 38, 40" 1s welded to the tip cap 36 to form a blank from which the new
blade tip 28" will be constructed. The muaterial used to form the tip ribs 38', 40" may

be the same alloy material as the airfoil 12, or an improved alloy. Brazing may also

be considered an alternative to welding.

The rebuild method continues by utilizing short, wedge-shaped electrodes "E" in
spaced-apart relation along the length of the tip rib 38' of the airfoil 12, as shown in
FI1G. 7. In an EDM process, notches 50A-50H, see FIGS. 8§ and 10, ‘are formed in the
first tip rib 38" at the intersection of the tip rib 38' and the tip cap 36. FIG. 10 further
illustrates that the notches 50A-50H define respective tip shelves 52A-52H.

After formation of the notches 50A-50H, cooling holes 54 are drilled from the tip
shelves 52A-52H through the tip cap 36 and into communication with the hollow



blade tip 28" will be constructed. The material used to form the tip ribs 38',
40' may be the same alloy material as the airfoil 12, or an improved alloy.
Brazing may also be considered an alternative to welding. The rebuild
method continues by utilizing short, wedge-shaped electrodes "E" in

m&aﬁﬁobawtarﬁlﬁtha aleng:te:lenethabihetin«ib,38,9 the AU {2 1@Sback
?wn in FIG. 7. In an EDM process, notches 50A-50H, see FIGS. 8 and
Qfé%ﬂﬂéﬁeﬁws% W4t tip rib 38' at the intersection of the tip rib 38" and

the tip cap 36. FIG. 10 further illustrates that the notches 50A-50H define
Pﬁ&fh@&th/ﬁxﬂ’tﬁ)gﬂh@ll@&l&%sﬁ&hlg%t&ﬁf@ﬂlﬁaﬁm bhihe: RRHEE25 QAT ealer
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Hotedthatdthid-ddalestabbnd: (e tbrallyi pdighed tb the back wall of the
notches 50A-50H. As shown in Figure 10, the resulting rebuilt blade 60

BasAnaidatla wilha sauealarat thﬁ %}ggﬁ@ disGrets tp shelves
S

d
52A-52H as distinct from the contl ous tip prow&%d on ﬁ%e stecan
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and the number of holes drilled in each notch- embo imen

teserise thabell 196ithy provithsd> o mpy fosplkuodilrstratipter@Eor aekdheprertical

thenallsfhe, bIches »Q may be planar or non-planar, and the vertical
sidewalls may dlverge radially. The method described above is shown

schematlcally |n ure 11. The rebuild method described above, and the

PoeHavEOTRERbERebEa dnTEEwE TThe EDM
process |tself is WeII known and simple to implement.

The rebuild method described above, and the resulting rebuilt blade 10 have 2 number
of advantages. The EDM process itself is well-known and simple to implement.
Each EDM electrode "E" is short and therefore well adapted to being fitted into
alignment with the surface curvature of the airfoil 12'. The total cooling surface area
inside the notches 50A-50H is greater than the corresponding cooling surface area
inside the continuous tip shelf 42 of the airfoil 12 shown in FIG. 1. The overall
cooling efficiency is thereby improved without any countervailing disadvantages.
The inclined back wall in each of the notches 50A-50H has the similar effect as the
continuous inclined squealer tip in reducing tip leakage flow. Even though the
notches S50A-50H are discrete and thus form a non-continuous squealer, the majority
of the leakage flow reduction is maintained. The method described above can also be

used in the casting of the original blade 10 as an alternate to the cast-in inclined

squealer tip.

A method of rebuilding the tips of continnuous inclined squealer tip turbine blades, and
the resulting rebuilt blade are described above. Various details of the invention may
be changed without departing from its scope. Furthermore, the foregoing description

of the preferred embodiment of the invention and the best mode for practicing the



Each EDM electrode "E" is short and therefore well adapted to being fitted
into alignment with the surface curvature of the airfoil 12'. The total
cooling surface area inside the notches 50A-50H is greater than the
corresponding cooling surface area inside the continuous tip shelf 42 of
intfeatanrfoitel Gretiwh forFHG pairpiise ofvellaliirebotingibfficiémoy fertierebypose of
ove without any, cou sadvantages. The inclined back
llma }i(r)]néhc%m?’eﬁg %Ig chnegségg/ &5%/ iéls ctiﬁe 'Similar effect as the

continuous inclined squealer tip in reducing tip leakage flow. Even though
the notches 50A-50H are discrete and thus form a non-continuous
squealer, the majority of the leakage flow reduction is maintained. The
method described above can also be used in the casting of the original
blade 10 as an alternate to the cast-in inclined squealer tip. A method of
rebuilding the tips of continuous inclined squealer tip turbine blades, and
the resulting rebuilt blade are described above. Various details of the
invention may be changed without departing from its scope. Furthermore,
the foregoing description of the preferred embodiment of the invention
and the best mode for practicing the 9 invention are provided for the
purpose of illustration only and not for the purpose of limitation--the
invention being defined by the claims. 9 | . A turbine blade for a gas
turbine engine, comprising: (a) an airfoil having first and second
spaced-apart sidewalls defining an interior void and joined at a leading
edge and a trailing edge; (b) the first and second sidewalls extending from
a root positioned. adjacent a dovetail to a tip cap;



(c) a squealer tip extending outwardly from the tip cap, the squealer tip
comprising: (i) a plurality of spaced-apart notches formed in the airfoll
proximate the tip cap and between the leading edge and the trailing edge
of the airfoil, wherein each notch is recessed with respect to the first
sidewall to form a respective tip shelf, and further wherein each notch is

defined by a t all oblique with respect to a plane perpendicular to a
11ongitf}dﬁﬁéll%§jﬁa\g?ﬁ]% %f%ﬁéué 830661%1'}8 {8 EfiFé¢-and second

spaced-apart sidewalls, and the respective tip shelves are perpendicular
(ab a semfacéodfumenrSrsrddsecond gpacddwparidinallssidBwalisiraimtetiyr void
Al 'BARICRS NAlRAR &ach.ip Shelf communicating with the interior void of

the airfoil for channelifg cooling aif from the interior void of the airfoil. 2.

The turbine blade of claim 1, wherein the squealer tip is integrally formed .
Rith the Bifoinsornd sifswe Bisensi el AvpRiass e shilassnipdevel
tdareeckfrom, the material welded to the tip cap. 4. The turbine blade of
_claim 1, wherein the squealer tip includes a spaced-apart, array of

“(hotches positioped.ir irst.si . below the.tip cap, and L
@xtendin beg/\{;ﬁ e r’# %ﬁg {?é%%?ﬁ%"%% 2%%%%?:[ @gﬁﬁg heeggcf[%l é;a’?%qelpﬁ?g{npmmg '
sidewall of the airfoil, wherein the first sidewall of the airfoil comprises a-

concahve preddirelfialahecsdnatuRoicBp e st daihs Birkpibnmerimnte the tip

capPail okheles figrmaeetin taedipmahel iefipachofthe pluatity of ReiGhesch notch
.the tip shelf being substantially norma:#o the radially- extending axis o

helf f
3G HHG SHBRLI O BIEh S R GIhGCa Rk FTETALYsntRISEH and further
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sidewalls, and the respective tip shelves are perpendicular to a surface of the first and

second spaced-apart atrfoil sidewalls; and

(i1) at least one hole in each tip shelf communicating with the interior void of

the airfoil for channeling cooling air from the interior void of the airfoil.

2. The turbine blade of claim 1, wherein the squealer tip is integrally formed with
the airfoil.

3. The turbine blade of claim 1, wherein the squealer tip is formed from the material

welded to the tip cap.

4. The turbine blade of claim 1, wherein the squealer tip includes a spaced-apazt,
array of notches positioned in the first sidewall and below the tip cap, and extending
between the Jeading edge and the trailing edge of the first sidewall of the airfoil, wherein

the first sidewall of the airfoil comprises a concave pressure sidewall.

5. The turbine blade of claim 1, and including a pair of holes formed in the tip shelf
of each of the plurality of notches, the tip shelf being substantially normal to the radially-

extending axis of the blade and each of the noiches having a width in substantial
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6. The turbine blade of claim 1, wherein the first sidewall is a pressure
side sidewall, and the notches are formed in the pressure side sidewall.
11 TURBINE BLADE TIP SQUEALER AND REBUILD METHOD
Abstract of the Disclosure A turbine blade with a tip squealer and method
of rebuilding a turbine blade for a gas turbine engine. The blade is of the
type including an airfoil having first and second spaced-apart sidewalls

aligrining wihinteriodtorf Sogeind e  leeisii g vagdhsradiatamiendagexis of
thEhgaliEsbanepaceRd aidpwallssdendingem:a root disposed adjacent

the dovetall to a tip capfor channeling combustion gases, and a squealer
t|p in at least ope ti rb extendi twardl| m the tip ca
meth mlé?o eln ge (S :l sBcl)f f‘enﬁg{ffﬁnqﬁe 1é.stuséa g’ra[lo anu%é)lrlwrg Fﬁn Sewa
addbt onlrily tirs, ftmm:ctheuhlp mamr@aél@m@:wew material to the tip cap to
serve as a new squealer tip. A plurality of spaced-apart notches is formed
in the new material between the leading edge and the trailing edge of the
airfoil. At least one hole is formed in each notch communicating with the
interior void of the airfoil for channeling cooling air from the interior void of
the airfoil to thereby form a squealer tip. Fig. 5
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