TURBI NE 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
di sk and a nunber ofrotor blades circunferentially disposed around the

di sk. Rotor blades include a root portion for engagi-ng wwth the di sk and an
airfoil portion for positioning within the gas path of the engine. The
tenperature 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
the airfoil wll be adversel yragtieat sapEheteficteprmar i ous net hods of

cool ing turbine bl ades have been used to i nprove the | ongevity and
durability of the turbine bl adeSOWINEHAGNIIES cool i ng rotor blades is

known as sinple radial flow{i ' [ .S, met hod, internal
passages are forned in the r%@ggb§%§8§9§§13&%?#ﬁﬁgﬁb$ﬁaight hol es fromthe
base to the tip. The int elmgﬂeseﬁ@@@@gﬁma@g@ﬁ&y&&mn' 63| anPASR BERSLAAVI Ng a

single dianeter frombase to tig, due to the fact that they are formed by
drilling. Film theioked tarbmetbledes fdra tasadbinhengirgh t he side walls ofthe rotor

blade to adjoin with the internal . passages. .Caoling air.is en forced
through the passages, mhi%#%‘%%%%g%%fsu% et %W%ﬁﬁeoﬁn%@‘?’mf%g?rf’ﬁb occurs
both as the cootagsaﬁb@bwitm%&ﬁﬁgcﬁs!ahﬁmgiﬂmbé}efm@tlﬁad&a&irda_al%@ﬂﬂ@ms?@dd al so as
it flows out and around the turbine blade. Sinple radial flow filmcooling

was | argely abairdeHbedige Eatpsbladenmckyde dieet pprdenior engaging villethe éiflegadan of t oo
much cooling air..d .t i NE. i i e ..t he engi ne,
because. cooti ng 4P TPt BsS R ARyukhadca MASPR LR rid AXBEE AL 17
decreasi ng the efifdaspinic yerahigh, tdsnliag in Of hiaieg egiroter blabs. Ttheabloehlidas e t hi s
problem airfoil designs began _to include conplex internal passageways such
as serpentine dé@?@ﬁ@?hWﬁ“F%é@@“ﬁﬁﬁ@@ﬂ?%WmPﬁ% peifay affsees Ao iious or ned

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. In this 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 internal
passageways such as serpentine designs. Inthese airfoils, internal passages 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



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
serpenti ne passageway. Serpentine designs present nunerous problens. One
ofthe challenges is the difficulty ofpredicting and nodeling the air flow
and pressure distribution through 5 a serpentine systemwhile it is
rotating. In particular, rotational forces resist the flow of cooling air in_
the direction fromthe tip to the base ofthe airfoil. Predicting and
nodeling the precise effect of the rotyational forces on the cooling air is
very difficult. In order to overconme the rotational forces resisting the

flow of cooling tﬁex{tuﬁl@gmm@nﬁguﬁecbsau{gfaﬁbm’%aﬁfmetrp%d@a6J1ﬁahinhaa SHfficient
pressure nust be present at the tip of an internal passage to grce 10 the

air back down t othtoheh hasetirgferbeting poseigkwayt f suffici ent pressure is not

t, | irowil f h th d th,
eculting in | nadequat & cOBPTHG 6T ERG T LIAIHG: BOIE" 6P L HETRSTES

i nsufficient pr Q&&Hﬂﬁidﬁdﬂidﬂpﬁd%ﬂ’l@ aBDAbdce (628 ABE knd ?ﬁ&:@sufe@l%&ibhﬂon‘dﬂo@ﬂc kfl ow.
Backfl ow occurs when hot gases fromthe gas path flowinto filmholes of 15

t he airfoil, °r atdreipciting pyseaorhila g isaptating @\Eﬂfﬁgﬂﬁuptaﬂdphllfgrcﬁé@t}ttmﬂmm“des| red
heating of the tc%rllggrlﬁuﬂhﬁnqr%cm?ﬂoélngng% gﬁasggﬂﬁeau{”ml l:r’rggctmg%n%mo%ql Lng air iIs

present in the coo scapé fromthe
filmholes, res uh&wr&gseleffe@wenaa@ﬂmdagomés on&ﬁt&oﬁmgmme verBRiffdaltSUWVMARY OF THE
| NVENTI ON 20 Tur bi ne bl ades of a gas turbine engine can he effectively

cool ed by util |02’Fﬁﬁ@m‘?f§%|1i°81PP%ﬁéfﬁfcﬁﬁEﬁ‘SH$tEW°ﬁ&’° wﬁeﬂgh@ctmﬂw gepia
plurality offil %élﬂfﬁﬁasuﬁm ﬂ%@&rem&ft b&ﬂ%leﬁt@ﬂhcﬁlp ofﬁﬂﬁtﬁfng Qugh.t he

cooling channels is controlled by pre-neter orifices e at one end of
t he cool i ng I8 hanhelibackidven prthe bast o the aitfiofli [Ewffichayeesaureis ﬁs@fesem,tcbmimgl
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 [eads to undesired heating of the
turbine biade. 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
utilizing 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.



area that allows enough cooling air to pass into the cooling channel to
adequately cool 25 the turbine blade, but also limts 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 blade. FIG 3 is a cross-sectional view of a
turbine blade. 5 FIG 4 is a nmagnified cross-sectional view of the turbine
bl ade, DETAILED DESCRIPTION FIG 1 is a perspective view of turbine rotor
assenbly 10 of a gas turbine engine. Turbine rotor assenbly 10 i ncl udes
disk 12 and turbine blades 14. Disk 12 includes a plurality of recesses 16
circunferentially di sposed around disk312 and a 10 rotational centerline 18
about which disk 1.2 may rotate. Turbine blades 14 include root 20, airfoi

22, and platform24. Root 2QIESDSBERED1HN OFetie: Wriwmi of recesses 16 of
di sk 12 (such as with a fir tree configuration, as shown). Airfoil 22

extends fromdisk 12 al ohly.dagh pdrspegive erelviafe n2bine AitorfasielnbR2 i ncl udes

pressure side wall 26 and ﬁyﬁtion si de WaIIf i8H Ph@éforn124 rests agai nst
the outer circunference of ‘HFe¥® A PEANC SFONTAELYEF 889 0 15 side stability to

airfoil 14. Turbine bl aderi# 3GadcbR-sBARRA WRWT 26OB¥EBIional  manuf act uri ng
t echni ques, such as by investnent casting. In operation, turbine rotor

assenbly 10 ?ot at es al ongFilotatd wmgificdermsesdciioral vig8 oftheobingbleds pass by
airfoils 14. The high tenperature: se turbine blades 14 to
heat up. In order to neet desireﬁEﬁ%uggﬁ?gﬁéﬁﬁggﬂyrenents, t he turbine bl ade
20 must be kept bel ow a nEXG. MyapcREGRSSF AWTRirbidddodasSmblya06f dgadudine at a

tenperature less than the tenperature of the hot gases is routed through
turbi ne rotor as88RbIYprhipe rotacasepbly 1 Ginelugles disliphand;bive bladssittoDiskd? 20 of

arbine e, i e, GO Lo AOSAERy RSN, FRALLIG BIFRISE and o 1S
10 rotational centerline 18 about which disk 12 may rotate. Turbine blades 14 include root -
20}, airfoil 22, and platform 24, Root 20 is shaped to mate with one of recesses 16 of
disk 12 (such as with a fir tree configuration, as shown). 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 totates 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 orderto 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 side walls 26 and 28 (as shown
in FIG. 2) As the cooling air exits the film holes, it forms a film ayer of cooling air over

25 turbine blade 4. The film layer cools and insulates the blade from the hot gases passing
hy.



in FIG 2) As the cooling air exits the filmholes, it forns a filmlayer of
cooling air over 25 turbine blade 14. The filmlayer cools and insul ates the
bl ade fromthe hot gases passing by. 4 FIG 2 is a perspective view of
turbine blade 14. Turbine bl ade 14 includes root 20, airfoil 22, and
platform24. Airfoil 22 includes base 30, tip 32, |eading edge 34, and
trailing edge 36. Suction side wall 26 and pressure side wall 28 extend

bet ween base 30 and tip 32 and neet at |eading edge 34 and trailing edge 36.
Filmholes 5 38 extend through pressure side wall 26 and suction side wall
28 through which cooling air can pass frominside airfoil 22 to outside
airfoil 22, thereby creating an insulaging film ofcooling air along the
surface of side walls 26 and 28 to cool and insulate turbine blade 14 from

the hot gases. FIG 3 is BE 0%SrREGhdR0 Hew\k BN bIQRE 427D f turbine
bl ade 14. 10 Turbine bl ade 14 i%%%udes fgot 26, airfoi?ggg%%gﬁélﬁlatform

24. Airfoil 22 iindhdssiewst WHapiéoil 230md platfon8 24. Aideldi2ingludebhese34, tiadel idadiag | i ng edge
36. Wthin turbine bl ad 4 are.aplur.ali. f ribs 48 extendi ng from base
30 to tip 32 _(sda“ﬁﬁe%t?‘gﬁﬁf ‘_ﬁ‘é‘“"i‘%ﬁdﬁm #%g?“%%fx"fa_g%?? PEFFUEFEE W E%S\ﬁé_%ﬁd side wall's
26 and 28, whi Chyefv@EmBBsnhh@ipS2 et Meen 6a8Y dd 4@Etﬁrhn§1%§dg4@6.tx%%re§0t the
flow ofcooling air within turbine bl ade 14. ol ing channels 40 include root

cool i ng 15 chanréestenitirgwsh peessuieside welb i dnegpeiinaidperls284roughithivh noodiopl | ng
channels 44 are a plurality.. of . trip StLLips. attached to the i.nterior
surface of one JF “Both o l%%ﬁgwﬁgP%ﬁoggégﬁ%mggﬂwm= %ﬁ%%ﬁfngﬁgﬁW§FE’4o ext end
radi al Iy wi thin dfedolihgeer alhg @@ sukthee df Sidwdlis 2@ 2820 cddind bs@hte WiHidd bizagli al
centerline 25 shown in FIG 1. Cooling channels 40 include root cooling
channel s 42 and H4ifiorbihe helEdsssng channel s 44, which are separated by

pre-meter 20 orifices 52F1ﬁ@8£ér9§-g§%ﬁ%ﬁ‘ﬁé»§of%§eé%)édiﬁ@?ﬁt%ﬂﬂl%}’neg Eaér 14d

cross-sectional shape, such as circular, rectangular, triangu or the
i ke. The désir duristedpee aritclsdez@on0] dirfori@lyand pleffremdi ngrfon 22 ihgudeabdse cul ar
operating speci fBiO,C tg)t3i2916nzlsclinglegge%g grlmit tiaﬁi?l’g ec%gg 36r.ra ! iltjh?n tgr%lsnlc Ii:rl%(?é Ie4 a]:"eoarpiurali‘ry
ofribs 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
i5 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 in FIG. 1. Cooling channels 40 include root
cooling channels 42 and airfoil cooling channels 44, which are separated by pre-meter
20 crifices 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 arca
decreases from base 30 to 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 canbe



cooling channels 44 to taper frombase 30 to tip 32 (such that the
cross-sectional area decreases frombase 30 to tip 32) to maintain the
desired pressure within cooling channel 25 44 as cooling air escapes from
filmholes 38. Pre-neter orifices are di sposed between cooling channels 42
and 44 to control the air -flowinto cooling channel 44. The air flowinto
cool ing channel 44 can be 5 adjusted by adjusting the size ofpre-neter
orifice 52. The smaller the cross-sectional area of pre-neter orifice 52,
the less cooling air that will be able to flowinteo cooling channel 44. The
term"nmeter” nmeans to set the flow of cooling air froma filmhole to an
appropriate amount. The term "pre-neters’ nmeans that orifice 52 is providing
a rough or 5 approximate air pressure within cooling channel 44 to roughly
reguiate the 1 ou;@fed$0Qlh Rl mdlifo drfieQitahoddd: 5. Mok BRAR: b Gl:Q8aragct ! onal
area of each pre-neter oH| |%e 52 1s less than the cross- sectional area of
t heassoci at edcooireagpleameral odifiat $Paghe BOs codle adlitid eilBrable tallayiasseolm@ct | onal

area between pre-net ifice 52 and cooling channel 44 at base 30 causes
10 a pressure dr‘ﬂ’ﬁmiegi“og%ﬁ?“ SHT Wﬁtﬁﬁttk?@’r‘l‘ﬁg@%@g fgrogdiimagc nnel  44.

The reduced preﬁ;’ﬁt&?ﬁa&ﬁn&%%&&rp?é%r@méﬁﬂsﬂ%ﬁ@ﬂﬁcets@égmbﬁfng@{oh; #dym hol es 38

can be used, wtho overcooling the engine. In particular, cooling air
fl ow out of Bil nphokiestedigpresane Bighin @oliviz clphheba thypudhdst regutienttg btvel cooling
Ccross-sectional ar%%% oh L& ter orifices 52, the cross- sectional areas
of cool i ng channet’sRysh Hﬁ THe°cross-sectional areas of filmholes 38 15

(shown in FIG 2)to provi dg ¢digsefRhaR: bih@ pRIMG briff sERAL (A HRicfosd 0 specific
areasof turbine blade 14. This is discussed in nore detail with reference

to FIG 4. Trip sttidnplgreofthy assagiated oxdite shiztriel 44 2tlget I0nGhatilfenet memss-at  an
g e L kSO SRS AR MR B W, s 1
the flow di nect i Hfte@frc iR (CROIiIRE Bbling cHnhd) 43l kbdiHg AAEnc? il tTUE R RACE to the
cooling air flow, which increases the heat transfer coefficient inside
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
15 (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
at an 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 ofairfoil 22, and is then directed toward tip 32. As thé cooling air flows from base
25 30 to tip 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

260r28 aﬁd forms a film layer of cooling air overthe surface ofairfoil 22. This film layer



cooling channels 44, thereby inproving the heat transfer fromairfoil 22 to
the cooling air. |In operation, cooling air enters cooling channels 40 of
turbine blade 14 at root 20. The cooling air flows fromroot 20, through
pre-neter orifices 52, into the base ofairfoil 22, and is then directéd
toward tip 32. As the cooling air flows frombase 25 30 to tip 32 within
cool i ng channel s 40, sone of the cooling air escapes through film holes 38.
Once cooling air has escaped fromfilmholes 38 the air flows al ong side
walls 26 or 28 and fornms a filmlayer of cooling air over the surface of
airfoil 22. This filmlayer 6 cools airfoil 22 and al so insulates airfoi
22 fromthe hot gases passing by. In this way, turbine blade 14 is kept
bel ow the desired tenperature to naintain the life and durability of the
bl ade within th : ' N NE..: [ i L ross-sectional
vi ew of one enbggg?réﬁ%ﬁlﬁo%n? g&rd%hftﬂ%ragﬁlrillgz gﬁ%ﬁ% h?tr%g% %ﬁ%}éﬁ& fnrtr%% Rofés 38,
cool i ng channel suréiig bladed 4 prkept bedwethe desirdd tafmrabide to meIaindfeiitemd idhbigyl ti es
encountered with conventional turbine blade designs was that the flow of
cooling air froffthsdiadeMithinghesss dgbingemdite: be adequately controlled.lf too

much ool ing ait i's rel eaged A EiRLLLINN By oFIE ELLIGLEREY Of the gas

turbine engine is reduced becausé It overcoo e conbustion gases and

al so reducess t heupinebladiieclwdibdfilm hbl:s § §) eoddingttnenelsMowey gre-mesn oiifitesif £ | ci ent
flow wi |l not adequately cgol the turhine blade,  resulting in reduced

| ongevity and dﬁ?ﬁBﬁL?%%@Wﬁﬁfﬁﬁugﬂ?%vﬁﬁmﬁﬁgﬁﬁﬂnéﬂﬁvgﬁ?ﬁﬁﬁﬁfWFﬁ?%Wﬁe bl ade
desi gns wi th radj,alor&Rhd AronMARR] B 1VE Rl not BLESLM1RRRIRRE G fAWgich 0 the fact
that they woul d either overcool the engine or becone clogged wth sand or
ot her debris. Gasolingrbiisrelcasadfrome thedilie holtt, 8 eliswdeon thaigasonikine cogingt her 15

machi nes that operate in sand r. dusfy.enviro nts. In order tq avoid
over cool i ng, c6ﬁ®8ﬁﬁ?ﬁﬁ§?“§. A f@?&éhgg?$sgﬁgﬁ?Kﬁ%?ﬁﬂ%%?@“@??@% t hat
woul d i mi t 1<§]he thd eapfnefﬂ&a%w, MHsuﬁiﬁthM%t’agédﬂ%@ch'tH@tﬁQﬂn@bﬁéie?es were so

smal | that they could becone cl ogged wt sand and ot her debris. Once the
fil m hol es wer e redutiggedredidee Idngéwity lhod dgabilely efhe dirbipe blhde. or

Conventional turbine blade designs with radial cooling chanmels were
largely abandoned due fo 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. In order to avoid overcooling,
conventional systems used very small film hole sizes that weuld 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 released little or
no cooling air. As aresult, 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 ¢logging and reduce the velocity of exiting cooling air, which would result in

overcooling of the gas turbine engine. As a result, turbine blade destgns with radial



no cooling air. As aresult, the cooling system becane ineffective in cooling
turbi ne bl ade 20 14. Another problem w th conventional turbine bl ades that
utilized small filmholes was that the entire pressure drop occurred at the
filmhole. As a result, the cooling air flow out of the filmhole had a
hi gh velocity. The high velocity cooling air nust mx with the external air
and hot gases resulting in-large mxing |osses. The mxing |loses lead to
aerodynam c inefficiency of the turbine blade. 25 Therefore, it was believed
that large filmhole 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 a result, turbi bl ade designs with radial ~I" 7
cool ing channels were | argely abandoned in favor of conplex cooling channel
designs, such as those havin rpentine cooling,.channel s. e, of t he
benefits of radi gc’h%%% | ﬁ%wgﬁgaﬁ egiag?{a%%e b“pf%’é’rs%ﬁa" r?%exs‘:(g&ﬁ‘éﬁlfaf“ﬁeg?e%ﬂsol i ng
channel s or ot hefuck 8RbRhaGontdreutial doohs dhennklRat the flow of cooling air
within 5 radial cooling channels is nmuch easier to predict and cal cul ate.
The fast rotation of turbPrecftisbercfiiefraktirepingeheatslvits oppesqiaGerpaytingener at es

| arge rotational_f ur.bi . - t he
cooling air cont%Fﬁ%%ﬁ%ﬁégg%#ﬁ%%gﬁﬁﬁggg%d%ﬁgﬁ%ﬁ%hﬁgﬁ?;éﬁgémpﬁ%%yggiaI forces
t o hel p pushscookiiagoalitg dhaorlishaseh3tsidr @ drédict 3R cafculater Thé fast2RationS€r pent i ne
designs attenpt to work against the rotﬁtional forces by forcing cooling air

10 through passafdesrPeATtEPORITErTe i) PPt Srarofredecrititiche
direction Trom {iB, ddidBladDAseuedl e bl ARl inkiME REAT L RNRRAIP! ex Ly of

predicting the fl'ow of cooling air wt t he turbine bl ade.
enbodi nent pr ovige sherradialgbreeno lhelpgugh@niivgd s fddn bdsat0 e imd haltaefdihe.

difficulties experienced with nore conpl ex desj , but al so qgvercones the
probl ens | 15 ox pRPRCGIACH G PR Uk PO b B Mo P i e Rer
Speci fical l g Pr&moiBlRlsa Mk biidn®@%pmRAite the rotational forces (in the direction from tip 32 to

base 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 cooling 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 aveid 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 (Ag) 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, Asaresult, the
pressure P2 atbase 30 of cooling channel 44 is less than the:pressure P1 within cooling
channe! 40 within root 20. As a result ofthe 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 onthe

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



provide a nmeans of controlling the flow of cooling air into cooling channel
44 to avoid overcooling the engine and to avoid undercooling turbine bl ade
14. The cross-sectional area (Ac) of each airfoil cooling channel 44 at base
30 is greater than the cross-sectional area (Ao) of the respective adjacent
pre-nmeter 20 orifice. The change in cross-sectional area results in a
pressure change as cooling air passes through pre-neter orifice 52 into base
30 of cooling channel 42. As a result, the pressure P2 at base 30 of
cooling channel 44 is less than the pressure P 1 within cooling channel 40
Wi thin root 20. Asa result ofthe reduced pressure in cooling channels 44,
filmholes 3 8 (with cross-sectional argeaAF) can be sized | arge enough to
avoid clogging 25 by sand or other debris. The size and shape of pre-neter

orifices 52 wil ITﬁé@hﬁ@e@w%gigaaimtfpﬁ-maa%ﬁhéésczcaﬁﬁéueréﬁg;&?ﬁg%o fihe system

and the requirenents ofthe specific cooling channel. e shape of a
cross-secti on ofdipstennibeme air fldw auengtocliang claencties g nethpteps tomgtisetosd- he
direction of cooling air flow entering_cooling channel 42. For exanple, a
triangul ar cros§¥“§@6WW$ﬁ“ﬁﬁ§°g&”ﬂ@%ﬁ‘ﬂ@”ﬂPF@&P“ﬁ thaorthg 9thsRsider 82t 0 one
side than the ot i ; i F - seck:l.an hapes are
cont enpl at ed. Th%agﬁsgﬁg%fsoﬁgﬁ;ﬂg%gﬁgﬁé Cg’h%rpggtﬁ(ggg&%%? iltbz%llﬁéaozesi gned to
provi de t he appriopmeateifianos destgnef o poobs thepppriopridteamamd otiablingef tfahd ent hol es  38.

The cross-sectio re i1 1 therefaqre depend on nymerous variabl es
i ncl udi ng the téﬁﬁh’?@%‘ﬁ%é%ﬁ“’ﬁoﬁé“ﬁwa%@%@%@ff?%?%_Be“ga%'i“ﬂeé“%l"éf&g’ﬁm, the
tenperature of ihhgHigARd kifertie of thitet PEREEIIARMbiIRIbERe OF thE lehiFhRlL? bei ng
supplied by the respective pre- neter orifice, the rotational speed ofthe
turbi ne rotor, tthecodisdairede tumbgsind oife affiem hyde bting Bpled bothersgienéve pend ot her
variables that will b der st ood ne skilled in the art of turbine blade
desi gn. AIthougHn?ﬂ8“%?§ggﬂ?WFﬁV@ﬁ?%@Wﬁﬁgﬁnggg%“%ggg?Pﬁ&fmﬁgFﬁmEE?erence to
preferred eqipodi ABRAL Snd MBEKSHies Kial il e ifdelsidEd B dne Wiilldd if BERVSHLBint hat
changes may be

biade design.

Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art wili recognize that changes may be

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



made in formand detail without departing fromthe spirit and scope of the
invention. 9 The invention clainmed i$ 1 A turbine blade conprising: an
airfoil having a leading edge, a trailing edge, a first side wall, a second
side wall, a base region, and a tip region; a plurality of cooling channels
radi al [Tyie éateatien elgimiidtifi n the airfoil for directing cooling air through the
airfoil, each cooling channel having a first end and a second end and a
cross-sectional area at the first end, wherein each cooling channel directs
cool i ng. aiA tirbina blzddicamlpyisiagi ward direction fromthe base region to the tip
region so that air flows through the airfoil w thout taking a serpentine
path; and an ord%3iefeil hayine adeadingedgey & traiing cdge, adbs sidsovalhg seedridde, a
Cross-secti I e orifice being | ess than the cross-sectiona

area of théﬂﬁﬁggﬁ&gﬁﬁﬁ%Tm%ﬂ%“ﬁ%#%%ﬁnt cooling channel. 2. The turbine bl ade

of claim1, furthsgurationerdodling clidnneds heligly exéeine wihinrthenirfod foc@ddcting
channel s through at |east one of the side walls. 3. The turbine bl ade of

claim 2, wfepbihaif Heowgh the pigfak cacdictoolng ehannelhsynasehist envhand agceand @sls t han

t he cross- i I f i e i : | . fr.om which
the 111 m nora rsi Srralioi fon blie P Sha Spftadh h e R L RAEPEIR cddliglh o 0
ri bs extendiing arradibBy bytwaird Birectioh i®naitefvasd repRihvie die dihegidy ®tthaiageflovd | and
the second side wall and adjacent the cooling channels. 5. The turbine

bl ade of clthiongh theraifoihsithewiaking pigrogntieatatls @t bet ween the airfoil and the

root. 6. The turhing.B lagﬂ?erﬁfthecﬁﬁj[ gﬂdfuf. e\ﬁ'tf&%-lfﬁ tcﬁ Q3 E):?S?S%Elii&ﬂ%re hea at
the first end of  the cooling channel is greatgr ani the cross-secti onal
area at thahsegfindoctmngless thuf ehes@d®B-sectional area of the first end of the adjacent cooling

channel.

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

cooling channels through at least one of the side walls.

3. The turbine blade of claim 2, wherein the film holes each have a cross-sectional
area less than the cross-sectional area of the first end of the cooling channel from which

the film hole extends.

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

channels.

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

and the root.
6. The turbine blade of claim 1, wherein the cross-sectional area at the first end of
the cooling channel is greater than the cross-sectional area at the second end of the same

cooling channel,

7. The turbine blade of claim 1, further comprising: a root extending substantially



cooling channel. 7. The turbine blade of claim1, further conprising: a root
extending substantially 10 parallel yth the airfoil; and a platform
connected between the airfoil and the root. 8. The turbine blade of claim
7, the root conprising a root cooling channel extending radially within the
root for dipaedki wighdleoditfogd; aidra platfant remnadcted bethvee® theAiitfoil bhditherrodtor assenbl y
conprising: a disk having a plurality of recesses circunferentially disposed
around the disk; a plurality of turbine blades having a root, a platform

and an airfgi | TH’é’Q&‘ﬂ‘b%ie”ol&dfheoffc@éifn’)’ %héﬁ&%?&ﬂnﬁr%u&?é Roofed NG aﬁ’ﬁelt he _
recesses, and wherein the airfoil comprises urality of radi al cooling

channel s, eatshdngohdindy shithnrtbk rM\fvnTgreatuﬁg ccs:thngemrdn‘anhe airfelcond end, and a
cross-sectional area at the first end, wherein each cooling channel directs
cooling air in aradially outward direction froma base region of the

airfoil to@ tip 6RBINeREE adsBRbR! dohiird sin0 that air flows through the
airfoil without taking a serpentine path; and an orifice adjacent each

cool i ng channel and raadﬁslﬁga‘an&a phisaligp of reoerabs crcmmferenidiedispdashé around
cross-sectional ar of th flce s.less, than the cross-secti.onal area of
Theivret ona! B TR BTine! LB bdssRRink 00 A Pt Re i feai oo
assembly of cl a'v@ﬁe?emttllﬂéaro%t i’sfsﬁhﬂedfté“iﬂal?te%tﬁ%ﬁ@bf ﬁlle%bes@sfdrfds'[ side wall; a

second side wall opposite the first sid ; ribs’ ext endi ng radlally
wi thin the airf ovhergipthoemrifoil gempiisest si de waII and the second side wall and

Che ai 11 oi | further “GONDPG! Hgodehsart ae ebmer o4 RIRHET S8 e el one. of
the first and seq@Rfd 3isé@ndehl Sandnttradl b tiidafareh 8t B rktRald, &H@&Iﬁ%&l
cooling channel directs cooling air in a radially outward direction from a base
region of the airfoil to a tip region of the airfoil so that air flows through the
airfoil without taking a serpentine path; and
an orifice adjacent each 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 adjacent 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 ribs
extending radially within the airfoil between the first side wall and the second side wall

and adjacent the cooling channels.

11. The turbine rotor assembly of claim 10, the airfoil further comprising a plurality
of film holes in at least one of the first and second side walls and adjoining the cooling

channels.

12. The turbine rotor assembly of claim 11, wherein the orifice has a cross-sectional

area greater than a cross-sectional area of one of the film holes.

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

channels are at the base region, opposite the tip region, of the airfoil.



12. The turbine rotor assenbly of claim 11, wherein the orifice has a
cross-sectional area greater than a ¢ross-sectional area of one of the film
hol es. 13. The turbine rotor assenbly of claim1l, wherein the first ends of
the cooling channels are at the base region, opposite the tip region, of
the airfoil. 11 14. The turbine rotor assenbly of claim9, wherein the root

conpri ses adi.al 0ol ing channel . 15. Th t%;tgi ne rotor. assenbl]y of claim
9, furthera]c%nprﬂ%qtﬂ‘faméeﬁt FAPER)Y 8f clam g, %’E?IF © (Rt APRPERRS 28GR ng
channel s t acdolifig eGm@el he turbul ence of the cooling air. 16. An airfoil for a

turbi ne blade conprising: a plurality of radial cooling channels, wherein
each cooling channel directs cooling air in a radially outward direction

froma basg regi0 f. the airfail a ti egion of the airfojl. so.that
airtows ch ougha e sttty o ey birh S olhrine 1 Rty Rl idlis f or
limting cogithif@heddolihk @MarinelsQo iit@e30 Bl thilbhulHBRON@L Soo@taifeans for liniting
cooling air flow fromthe cooling channels. 17. The airfoil of claim16,

wherein the means for limting cooling air flowinto the cooling channels
are orifices. 18, The.airfoil. of ,claim 16, wherein the ans. for limting
cooling air Tl o} ?It_r)%ﬂﬁflﬁ%a?lgéwib%aéefﬂglﬁﬂélpg‘_ aaﬁlgrafhitj_( ﬂfﬁé}%ﬁgqﬁgﬂgc WW irfoil
of cl ai m 16yhdreintcher codimp rchﬁﬁﬂégdﬂiréd@s%ﬁih% ARG riAsPbLtWald diRiclioh hem £i rf oi |
and adj acent the cooling channels. 20. The airfoil ‘of claim 16, further

conpr i si ng:base fagrasxofdhgjarindl tp anipueeign af theadifeigso ddywir nws drongli the agfadldge; a
second si de wal | 0S| t he first side.wall and connecte o the first

ot e war | - Ay REBOPFrlE kB! B uRime ARRERTRRE P seblien e
first sidehagddls;andnidags fedandn é&ﬂin‘ﬁ@ir'ﬂoﬁ@ﬁo%h@@é@lﬁ% daghed |y within the
airfoil to define the cooling channels.

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

cooling channels are orifices.

18.  The airfoil of claim 16, wherein the means for limiting cooling air flow from the

cooling channels are film holes.

19.  The airfoil of claim 16, further comprising ribs extending radially within the

airfoil and adjacent the cooling channels.

20.  The airfoil of claim 16, further comprising: a first side wall having a leading
edge and a trailing edge; a second 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 airfoil to define the

cooling channels.



