TURBI NE Al RFO L. W TH | MPROVED COOLI NG Thi s invention was nade wth

Gover nnent support under N0O0019-02-C- 3003 awarded by the United States
Navy. The CGovernnment has certain rights in this 5 invention. BACKGROUND OF
THE | NVENTI ON The present invention relates generally to gas turbine engines

and nore particular Lﬁé‘%ﬁ | m A &@H moper ation,
turbine airfoils are'r pﬁ@%ﬁm ﬁﬁé’ﬁ%ﬁ u?Q above their
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the turbine engine is used to cool the airfoil. Cast-in passages, known as
m ni cores, are @&hiseldaewidnnwesanagder wish| Gewgrmmend sipher gmden 19+98-Cool i ng.
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t hermal srechashegl. fatigue cracking. To reduce thermal strains, a web is

required between the mnicores to stiffen the airfoil wall. The presence of
the web, however, creates an area of |ower heat flux conpared to that of

t he adj acent mnicores. 2 mﬁé e present invention
provi des inproved cooli ngﬁ \ @Eﬁﬁﬂ%ﬁt@es inan airfoil.
Thus, the airfoilrheofprédar RHVRAGHE rélaisicherallgad Fist fishind@ngitedal more

tenperatures with I ess tenperature-related problens. A turbine airfoil
accordi ng t paticdpdy koewding aiodineegitfodf t he present 25 invention includes an

out er | and a;pair of cool.ing.passages or mnicor fornmed in the outer
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the web. The fluid outlet directs a cooling fluid directly onto the
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mnicores agr% ecl)n"ljtedctigc[ 1?1"{9@ alt oliltV\S/alPIo etn%gnce convective cooling. Because of the high

heat fluxes associated with these cooling circuits, large thermal gradients arise and
15 the airfoil becomes susceptible to thermal mechanical fatigue cracking. To reduce
thermal strains, a web is required between the minicores to stiffen the airfoil wall.
The presence of the web, however, creates an area of lower heat flux compared to

that of the adjacent minicores.

20 SUMMARY OF THE INVENTION
The present invention provides improved cooling to the webs between
minicores in an airfoil. Thus, the airfoil of the present invention can withstand
higher temperatures with less temperature-related problems.
A turbine airfoil according to a disclosed embodiment of the present
25 invention includes an outer wall and a pair of cooling passages or minicores formed
in the outer wall. A web separates the pair of cooling passages. In order to provide
more effective, even cooling of the airfoil, a fluid outlet is aligned with the web.
The fluid outlet directs a cooling fluid directly onto the interior surface of the web.
The cooling fluid then flows through the minicores and out through exits of the
30  minicores.
A baffle may be inserted into the airfoil to provide the fluid outlets. The

baffle may include the plurality of fluid outlets arranged in a pattern to focus



30 mnicores. A baffle miy be inserted into the airfoil to provide the fluid
outlets. The baffle may include the plurality of fluid outlets arranged in
a pattern to focus 1 inpingenent jets on the web regi ons between each

adj acent pair of mnicores. The dinensions and spaci ng of the inpingenent
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i ncorporating one enbodinent of an airfoil assenbly of the present

i nvention. EMBYRLISSis a perspective view of two turbine vanes from Figure
1. 15 FIGURE 3 is a sectional view through one of the vanes of Figure 2.
FIGURE 4 is a perspective illustration show ng the operation of the baffle

and m ni cores inside tBRIENRDESCRIRTION OF FHEBRASWINGS si de view of the
baffle of FIGURE 3, showing the arrangenent of two of the mnicores. 20
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a gas turbi ne engl as turbine used for
accompanymg drawings wherein:

FIGURE 1 is a schematic of a gas turbine engine incorporating one
embodiment of an airfoil assembly of the present invention.
FIGURE 2 is a perspective view of two turbine vanes from Figure 1.
15 FIGURE 3 is a sectional view through one of the vanes of Figure 2.
FIGURE 4 is a perspective illustration showing the operation of the baffle
and minicores inside the vane of Figure 2.
FIGURE 5 is a side view of the baffle of FIGURE 3, showing the
arrangement of two of the minicores.
20 FIGURE 6 is a more detailed view of the minicores that could be used in

FIGURES 2-5.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Figure 1 shows a gas turbine engine 10, such as a gas turbine used for power
25  generation or propulsion, circumferentially disposed about an engine centerline or
axial centerline axis 12. The engine 10 includes a fan 14, a compressor 16, a
combustion section 18 and a turbine 11. As is well known, air compressed in the
compressor 16 is mixed with fuel that is burned in the combustion section 18 and
expanded in turbine 11. The turbine 11 includes rotors 13 and 15 that rotate in
30 response to the expansion, driving the compressor 16 and fan 14. The turbine 11
compresses alternating rows of turbine blades 20 and vanes 19. Figure 1 is a

somewhat schematic presentation for illustrative purposes only and is not a



25 generation or propulsion, circunferentially di sposed about an engine
centerline or axial centerline axis 12. The engine 10 includes a fan 14, a
conpressor 16, a conbustion section 18 and a turbine 11. As is well known,
air conpressed in the conpressor 16 is mxed with fuel that is burned in
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power generation, aircraft; etc. Additionally, there are various types of
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i nvention cou e utilrzed in arotating structure such as a turbine
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t hrough which are forned mnicore slots or exit apert ure or exhausting
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24 of the turbine v 9. Bet ween .each alr icores 28 | defined a
rib or web Rrtuges 2 ﬁé&ﬁ agsteg %9?‘?1‘5'36?% OF PEher {191 TORL BN RIERTES 2 §f0W| ets 36

LT, LA vl RS ey UpRiE AP vl pr BR3¢ 20
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15 A baffle 34 having a plurality of apertures or outlets 36 formed therethrough
is disposed in the turbine vane 19. The baffle 34 and the turbine vane 19 include an
inlet 38 at a radial end. The outlets 36 are arranged and positioned in order to direct
cooling fluid directly on the webs 30, and are sized in order to allow sufficient fluid
flow to fill the minicores 28.
20 Figure 3 is a sectional view through one of the vanes 19 of Figure 2. The
minicores 28 are formed in the outer wall 24 of the turbine vane 19. The baffle 34 is
inside the turbine vane 19, spaced inwardly of the outer wall 24.
Figure 4 shows, somewhat schematically, the operation of the baffle 34 and
minicores 28 inside the turbine vane 19. The cooling fluid, in this example, bleed
25  air from the compressor section 16 of the engine 10 (Figure 1), is directed into the
inlet 38 of the baffle 34. The cooling fluid is then directed from the outlets 36
through the baffle 34 directly onto the webs 30 in the outer wall 24 between the
minicores 28. The cooling fluid then flows into the minicores 28 through inlet
apertures 40. Inside the minicore 28, the cooling fluid flows generally parallel to an
30 outer surface of the outer wall 24 before being exhausted through the minicore exit
apertures 26. The other outlets 36 (not shown in Figure 4) are also directed onto

webs 30 between minicores 28. Although each minicore 28 is shown having a



cooling fluid directly on the webs 30, and are sized in order to allow

sufficient fluid flowto fill the mnicores 28. 20 Figure 3 is a sectional

vi ew t hrough one of the vanes 19 of Figure 2. The mnicores 28 are forned

in the outer wall 24 of the turbine vane 19. The baffle 34 is inside t he
o the outer wall 24. Fi shows,
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Although in the embodiment shown, the impingement of the cooing air is

15 directed by a baffle 34, the cooling air could also be directed by an impingement
plate. The impingement plate could be perforated sheet metal bonded to the airfoil
casting. The cooling scheme described herein could also be used in other turbine,
combustor, and nozzle components, and formed by sheet metal or a similarly
functioning perforated material.

20 In accordance with the provisions of the patent statutes and jurisprudence,
exemplary configurations described above are considered to represent a preferred
embodiment of the invention. However, it should be noted that the invention can be
practiced otherwise than as specifically illustrated and described without departing
from its spirit or scope.

25



Figure 6 is a perspective view of a plurality of m nicores 28 positioned

adj acent (relative) to the baffle 34. As shown, each of the mnicores 28
includes a plurality of passages 46 |leading fromthe inlet apertures 40 to
the exit apertures 26. Although in the enbodi nent shown, the inpingenent of
the cooing air is 15 directed by a Eﬁffl 34, the cooling air could also be
directed by an inpingenent plate. IR§$ngenent pl ate could be perforated
sheet netal bonded to the airfoil casting. The cooling schene described
herein could al so be used in other turbine, conbustor, and nozzle
conponent s, land Adnrbett dsfos hemprismegal or a simlarly functioning perforated
material. 20 In accorda e wWth the provisions of the patent statutes and
jurisprudence, %; configurations descri bed above are considered to
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noted that the in entlon o practiced otherw se than as specifically
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CLAIMS 1. A turbipe. airfoil n a er. wa ir of cooling
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passages; apgeriyrkhid F¥ikd ®tb.al igned with the web for directing a cooling
fluid onto an interior surface of the web. 10 2. The turbine airfoil of

claiml1l wherein at | east one of the cooling passages includes an inlet in
communi cati on wi t fluid o 3, The turbine airfoil of claim1
wherei niCach of The iBaridob el slagast Fhertasicast one o the Cooifig pissiecs

includes an inlet in communication with the fluid outlet.

3. The turbine airfoil of claim 1 wherein each of the cooling passages includes
an inlet in communication with the fluid outlet.

15
4. The turbine airfoil of claim 1 further including a baffle having a plurality of

apertures formed therein, the plurality of apertures including the fluid outlet.

5. The turbine airfoil of claim 4 wherein the pair of cooling passages are two of
20  a plurality of cooling passages formed in the outer wall, and wherein the web is one
of a plurality of webs, each adjacent pair of the plurality of cooling passages

separated by one of the plurality of webs.

6. The turbine airfoil of claim 5 wherein each of the plurality of apertures in the

25 Dbaffle are aligned with one of the plurality of webs.

7. The turbine airfoil of claim 6 wherein the baffle includes an inlet at a radial
end, the plurality of apertures directed from the baffle in a direction generally
transverse to the inlet.

30
8. The turbine airfoil of claim 1 wherein the pair of cooling passages are

minicores.



an inlet in comunication with the fluid outlet. 15 4. The turbine airfoi

of claim1 further including a baffle having a plurality of apertures
formed therein, the plurality of apertures including the fluid outlet. 5.
The turbine airfoil of claim4 wherein the pair of cooling passages are two
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of cooling pBssiagsals ex&ﬂ@mg&b@@s thy coBléngopastdpe. pl ural ity of webs. 6. The
turbine airfoil of claim5 wherein each of the plurality of apertures in the

25 baffle are aligned with one of the plurality of webs. 7. The turbine
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the plurality of apertures rom-t elna rection generally
transverse to the |nlet 30 8. The turblne airfoil of claim1l wherein the
pair of coollng assages are. [m.njcores. The turbine airfoil of claim$8
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across the @g%ueggvaﬂassage 10. The turbine airfoil of claiml wherein the
turbine air IS a vane 5 11. The turbine airfoil of claim1 wherein the
cool i ng passages exhaust through the outer wall. 12. A method of cooling a

turbine airfoil assenbly including the steps of: 10 directing a cooling
fluid into & i nﬁéﬁ?tb?défco&hﬂélaﬁil é‘eéllﬁf?lbﬁﬁse"‘HIYr@ElﬂlﬁH’@ the@epofi i ng 1 ui d

onto anyj nteri or 434t 3G% B8R BE] iA1S anthitiof & Prultihé birfoil;

directing the cooling fluid onto an interior surface between an inlet to a first
cooling passage and an inlet to a second cooling passage; and
flowing the cooling fluid through the first cooling passage and the second
cooling passage.
15
13.  The method of claim 12 further including the step of flowing the cooling
fluid out of the first cooling passage and the second cooling passage and out of the

turbine airfoil.

20 14.  The method of claim 12 further including the step of directing the cooling

fluid into an inlet at a radial end of the turbine airfoil.
15. The method of claim 12 wherein the turbine airfoil is a turbine vane.

25 16.  The method of claim 15 further including the steps of directing the cooling

fluid into a baffle within the turbine airfoil.

17.  The method of claim 16 further including a plurality of ribs, the method
further including the step of directing the cooling fluid through a plurality of
30 apertures through the baffle onto the plurality of ribs.



cool ing passage and an inlet to a second cooling passage; and flow ng the
cooling fluid through the first cooling passage and the second cooling
passage. 15 13. The nethod of claim 12 further including the step of flow ng
the cooling fluid out of the first cooling passage and the second cooling
passage and;gut t i c
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turbine airfoil is a turbine vane. 25 16. The nethod of clain115 further
including the steps of directing the cooling fluid into a baffle within the

turbine airfeil ggg including a plurality of
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of ribs. 6 18, The nethod of claim 12 further including the step of
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formed, the baffle wall defining an inlet at a radial end, the inlet in
fluid conmuni cation with the apertures, the apertures arranged to align
bet ween cooling passages in a turbine airfoil. 7





