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An Impingement cooled structure includes a plurality of shroud members disposed in a circumferential direction to constitute a ring-
shaped shroud surrounding a hot gas stream, and a shroud cover mounted on radial outside faces of the shroud members to form
a cavity therebetween. The shroud cover has a first impingement cooling hole which communicates with the cavity and allows
cooling air to be jetted to an Inside thereof so as to cool an inner surface of the cavity by impingement. The shroud members each
has a hole fin. The hole fin divides the cavity into a plurality of sub-cavities. Further, the hole fin has a second impingement cooling
hole which allows the cooling air having flowed through the first impingement cooling hole to be jetted obliquely toward a bottom

surface of the sub-cavity adjacent thereto.
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ABSTRACT

An impingement cooled structure includes a plurality

of shroud members disposed in a circumferential direction

to constitute a ring-shaped shroud surrounding a hot gas

stream, and a shroud cover mounted on radial outside faces

of the shroud members to form a cavity therebetween. The

shroud cover has a first impingement cooling hole which

communicates with the cavity and allows cooling air to be

jétted to an inside thereof so as to cool an inner surface

of the cavity by impingement. The shroud members each has
a‘hole fin. The hole fin divides the cavity into a
plurality of sub-cavities. Further, the hole fin has a
second impingement cooling hole whidh allows the cooling’
air having flowed through the first impingement Cooling

hole to be jetted obliquely toward a bottom surface of the

sub-cavity adjacent thereto.
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IMPINGEMENT COOLED STRUCTURE

RACKGROUND OF THE INVENTION
Technical Field of the invention
5 - The present ihvention relates to an impingement
cooled structure that cools hot walls of a turbaine shroud

and a turbine end wall.

Description of the Related Art

10 In recent yeers, in order to improve thermal
efficiency, an increase in the temperature of a gas turbine
~has been promoted.‘,In this case; the turbine inlet
temperature reaches about 1200°C to 1700°C. Under such
high temperatures,metal turbine eomponents need to be

15 cooled so as not to exceed the service temperature limit of
the materials thereof.

An exafmple of such turbine components includes a
turbine shroud 31 shown 1in FIG.-i. As shown in a cross-
sectional view of FIG. 2, a plurality of turbine shrouds 31

20 sre connected to each other in a circumferential direction
to form a ring shape and-surreund fast-rotating tﬂrbine‘
blades 32 such that the ring shape is spaced from the tiﬁ
surfacee of the turbine blades 32. With this‘structure,
the turbine shrouds 31 have a function of controlling the

25 flow rate of hot gas flowing through a gap'between the

shrouds 31 and the blades 32.

Hence, the inner surfaces of the turbine shrouds 31
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are always exposed to hot gas. Likewise, the inner surface
of a turbine end wall is also exposed to hot gas.

In FIG. 2, the reference numeral 33 indicates a
fixing portion, such as an inner surface of an engine,
which allows the turbine shrouds 31 to be fixed thereto.
The reference numeral 34 indicates fixing hardware.

- In order to cool hot walls of the aforementioned
turbine shrouds and turbine end wall, for example, as shown
in FIGS. 3A and3B, a conventionally'employed cooled
strﬁcture has impingement cooling holes 35, turbulence
promotérs 36 (or a smoothing flow path with fins), film
cooling holes 37, or combination thereof.

However, cooling air used 1n such a cooled structure

is usually high pressure air compressed by a compressor.

‘Accordingly, there is a problem that the amount of the used

cooling air directly affecﬁs engine peiformance.

Ih view of this, in order to reduce the amount of
used cooling air, there 1is proposéd a configuration in
which cooling air which is once used for impingement
cooling is'used again for impingement cooling (e.g., Patent
Documents 1 and 2).

[Patent Document 1]}

.Specification of US Patent No. 4,526,226, “MULTIPLE~
TMPINGEMENT COOLED STRUCTURE” '

[Patent.Documént 2]

Specification of US Patent No. 6,779,597, “MULTIPLE

IMPINGEMENT COOLED STRUCTURE’
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As shown in FIG. 4, an impingement cooled structure

of Patent Document 1 includes: a shroud 47 having an inner

surface 38, an outer surface 40, edges 42 and 44, and a rib

46; flanges 48 and 50; a first baffle 56; a second baffle
58; and fluid commuﬁication means. An upstream side Of.the
outer surface 40 of the shroud 47 is cooled by i1mpingement
by means of cooling air which flows in the through holes of
thé first baffle 56. Furthermore, the same cooling air
flows inthe through holes of the second baffle 58 so as'to
cool the downstream side of the outer surface 40 Qf the
shroud 47 by impingement. ‘

As shown 1in FIG. 5, an ilmpingement cooled structure

of Patent Document 2 includes: a base 62 having an inner

surface 64 and an outer surface 66; a first baffle 70; a'

cavity 72; and a second baffle 74. A downstream side of
the outer surface 66 of the base 62 is cooled by
impingement'bymeans of cooling'air which flows in the
through holes of the first baffle 70. Furthermore, the
same cooling air flows in the'through holes of the second
baffle 74 so as to cool the upstream side of the outer‘
surface of the base 62 by impingement.

The impingement cooled structures of Patent
Documents 1.and 2, however, need to have a plurality of air
chambers (cavities) which are stacked in the radial outward
direction on top of each other, and thus, have a problem of

an overall thickness greater than that of conventional

shrouds. 1In addition, these impingement cooled structures

[ x]
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are complex as compared with shrouds prior to Patent
Documents 1 and 2, causing a problem of an 1ncrease in

manufacturing cost.

SUMMARY OF THE INVENTION

In order to solve the above problems, the present

‘ﬁt

invention was made. Specifically, an object of the present

- invention is, therefore, to provide an impingement cooled
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structure capable of reducing the amount of cooling air

which cools hot walls of a turbine shroud end a turbine end
wall, with a structute as Simple as a structure of shrouds
prior to Patent Documents 1 and 2.

According to the present invention, there 1s
provided an impingement cooled structure comprising: a
plurality of shroud members disposed in a circumferential
direction to constitute a ring—shaped shroud surrounding a
hot gas stream; and a shroud cover mounted on radial

outside faces of the shroud members to form a cavity

therebetween. The shroud cover has a first impingement

- cooling hole which communicates with the cavity and allows

cooling air to be jetted to an inside thefeof so as to cool
an inner surface of the cavity by impingement. The shreud
members each has a hole fin; The hole fin divides the
'cavity into a plurality'of sub-cavities. Further, the hole
fin has a seeond impingement coOling hole which allows'the
cooling air having flowed through the first impilngement

cooling hole to be jetted obliquely toward a bottom surface




10

15

20

25

i GRS SRttt P e T QIS S 11 UG e P e A T F i e o, S e mey L AR G

CA 02644099 2008-08-28

of £he sub-cavity adjacent thereto.

Preferably, the shroud members each has: an inner
surface extending along the hot gas stream to be directly
exposed to the hot'gas stream; an outer surface positioned
at an-outside of the inner surface to constitute a bottom
surfaée of the cavity; an ppstream flange extending in a
radial outward direction from an upstream side of the hot
gas stream to be fixed to a fixing portion; and a
downstream flange extending in a radial outward direction
from a downstream side of the hot gas stream to be fixed to
the fixing portion. 'The upétream.flange and the downstream
flange are provided for forming a cQQling alir chamber
outside the shroud cover. The hole fin extends in a radial
outward directiop'to an inner surface of the shroud cover.
frdm the outer surface constituting the bottom.Surface of
the cavity to inide the cavity into the plurality of sub-

cavities adjacent to each other along the hot gas stream.

The upstream flange and/or the downstream flange may

have a third impingement cooling hole which allows the
cooling air to be jetted toward an outer surface of the

flange from the cavity.

The shroud members each may have a film cooling hole

which allows the cooling air to be jetted toward the inner
surface of the shroud member from the cavity.
The i1mpingement cooled structure may comprise a

turbulence promoter, a projection or a pin on the bottom '

~surface of the cavity. The turbulence promoter promotes

PTGt TP I Ot ol BTN BT 1 AT L R PR TR e :
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turbulence, and the projection or the pin increases a heat

transfer area.

The shroud members each may have a non-hole fin

"which divides the cavity into a plurality of sub-cavities

and divides a flow path of the cooling air into two or more

flow paths.

A gap may be formed between a radial outward end of
the hole fin and theﬁinner sﬁrface of the shroud cover'such
that a height Ah of the gap is 0.2 or less timeé as high as
a-height'h of the hole fin. ‘

.Preferably, an angle of the'second 1mpilngement
cooling hole to a bottom surface of a sub-cavity is 45° or
leés; and an impingement height e is 0.26 or less times as
long as a length L 6f the sub-cavity in a flow path
direction.

According to the aforementioned configuration of the
present.inﬁention, the shroud cover has the first
impingement cooling hole which allows cooling air to be
jetted in the cavity formed between the shroud cover and-
shroud members, to cool the inner surface of the cavity by
impingement. The shroud members each have the hole fin
which divides the cavity into a plurality of the sub-
cavities, and the hole fin has the second impingement
cooling hole which ailoWs the cooling air having flowed
through the first impingement cooliﬁg hole to be jetted
obliqgely toward'ﬁhe bottom_surface of the adjacent sub-

cavity. Therefore,'it 1s possible to reduce the amount of
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cooling air for cooling hot walls of a turbine shroud and a
turbine end wall, with the thickness oflthé shroud members
being the same as that of conventional ones, without
increasing radial thickness of the entire shroud, by the

structure simply having the hole fins that is as simple as

" a conventional structure.

That is, the cooled structure of the present

invention 1is oapable of significantly reducing the amount

of cooling air by allowing cooling air, which is once used

for impingement cooling to hot wall surfaces of the turbine

shroud and end wall, to flow through an oblique hole

'.(second impingement cooling hole) provided in the hole fin

to re-use the cooling air for impingement cooling.
Other objects and advantageous features of the
present invention will become more apparent from the

following‘description made with reference to the

accompanylng drawlings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a conventional
turbine shroud;
FIG. 2 is a cross-sectional view of the conventional
turbine shroud;

FIG. 3A 1s a cross-sectional view of a conventional

cooled structure;

FIG. 3B 1s a cross-sectional view of another

conventional cooled structure:
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FIG. 4 is a cross-sectional view of an impingement
cooled struCtUre of Patent Document 1;

FIG. 5 is a cross-sectional view of an impingement
cooled structure of Patent Document 2;

FIG. 6 shows a first embodiment of an impingement

cooled structure according to the present invention;

FIG. 7 is a cross-sectional view showing a second
embodiment of the structure according to the present
invention;

FIG. 8 is a cross-sectional view showing a third
embodiment of the structure according to the present
invention;

FIG. 9 is a cross—sectional view showing a fourth
embodiment of the structure according to the present
invention; ' .

FIG. 10 is a cross-sectional view showing a fifth
embodiment of the structure accordind to the present
invention;

FIG. 11 is a cross-sectional view showing a sixth
embodiment of the structure according to the present
invention;

FIG. 12 is a Cross~sectional view showing a Seventh
embodiment of the structure according to the'present
invention;

. FIG. 13 1is a CrOSSeeectional view showing an eighth
embodiment of the structure according to the present

invention;

% L8 T fHn ,MWMW,
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FIG. 14A is a schemafic illustration for description'

of cooling efficiency; '
. FIG. 14B schematically shows the structure of the
present invention;
S FIG. 14C schematically shows the structure of a
Conventional example;

FIG. 14D séhematically shows thé structure of
another conventional example;

- FIG. 15 1is a gréph showing test.results which show a

10 relationship between a ratio (wc/wg) bf a cooling air flow
rate wc to a hot mainstream air flow rate Wg'and a cooling
éfficiency uE;

fIG. 16 is an illustrative'diagram.showing a
relationship between a gap'Ah.at a fin tip and a height h

15 of a hole fin;

FIG. 17 is a graph showing analysis results which
show a relationshié between an axial length and a metal
temperature of a gas passing surface (metal surface
temperature on a mainstream side); .

20 . FIG. 18 is an illustrative diagram showing a
relationship between an angle 0 of a second impingement
cooling hole,and a height h of a hole fin;

FIG. 19 1s a graph showing test results which show a
relationship between a cooling air flow rate and average

25 cooling efficiency, with the‘angle 0 being 30° and 455;

' FIG. 20A i1is a graph showing test resﬁlts which show

a relationship between a cooling air flow rate and average

[ x]
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cooling efficiency, with the angle 8 being 45°, with e/L
béing 0.13 and 0.26; .

FIG. 20B is a graph showing test results which show
a relationshilp bétween a cooling air flow rate and-average

cooling efficiency, with the angle 0 being 37.5°, with e/L

‘being 0.13 and 0.26; and

FIG. 20C 1is a graph showing test results which show
a relationship between a cooling air flow rate and average
cooling efficiency, with the angle 0 being 30°, with e/L

being 0.13 and 0.26.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
be described below with reference to'the drawings. In the
drawings, common parts are indicated‘by the same reference
numerals, and overlapping description is omitted.

FIG. © 1s a diagram of a‘first embodiment showing an
impingement cooled structure of the present invention.

In FIG. 6, mainstream gas (hot gas stream 1) which
flows into a turbine undergoes adiabatic expansion when the

mainstream gas performs work to a turbine blade 32.

Accordingly, an upstream side of a turbine shroud 1s higher

in temperature than a dowhstream-side'of the turbine shroud.
Taking'it into account, this embodiment is a.basic
cOnfigufation of the present invention for enhancing
cooling of the upstream side.

In the drawing, the reference numeral 32 indicates a
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fast-rotating turbine blade, the reference numeral 33

indicates a fixing portion, such as an inner surface of an

engine, which allows a turbine shroud to be fixed thereto,

and thé reference numeral 34 indicates fixing hardware.

The impingement cooled structure of the present
invention 1is constituted by a plurality'of shroud members
10 and a shroud cover 20.

‘The shroud members 10 are disposed in a
circumferential direction to constitute a ring-shaped
shroud which surrounds the hot gas stream 11'.The shroud
cover 20 is mounted on the radial outside faces of the
shroud members 10 to constitute a cavity 2 therebetween.

The shroud members 10 eéch have.an inner surface 11,
an outer surface 13, an upstream flange 14 and a downstream
flange 15. Thé inner surface 11 extends along the hot gas'
stream 1 to be direétly exposed to the hot gas stream 1.
The outer surface 13 is‘positioned at the outside of the

inner surface 11 to constitute a bottom surface of the

cavity 2. The upstream flange 14 extends in the radial

_ outward'direction from the upstream side of the hot gas

stream 1 to be fixed to the fixing portion 33. The

downstream flange 15 extends in the radial outwafd.
direction from the downstream.side of the hot gas stream 1
to be fixed to the fixing portion‘33.

The upstream flange 14 and the downstream flange 15
are fixed to the fixing portion 33 to form a cooling air

chamber 4 outside the shroud cover 20.

e -x-,?x:r_-:x’“wmm'mwm‘!"‘m'” e s SukR s T Pl Qe wdi e e e e e ren G
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Furthermore, the shroud members 10 each include hole

fins 12 at its central portion at a radial outward side.

"The hole fins 12 divide the cavity 2 into a'plurality of

sub-cavities 2a, 2b, and'2c. Although two hole fins 12 are
used 1in the embodiment, a'single or three or more hole fins
12 may be'used; The hole fin means a fin having a second
impingement cooling hele 12a described later.

The hole fins 12 extend 1in the radial outward
direction from the outer surface 13 which constitutes the
bottom surface of the cavity 2 to an inner surface (lower
surface in the drawing) of the shroud cover 20 to divide

the cavity 2 into a plurality of sub-cavities 2a, 2b, and

2c arranged adjacent to each other along the hot gas stream.

In addition, the hole fins 12 each have a second
impingement'coolihg hole 12a which.allews cooling air 3
having flowed throuéh a first impingement cooling hole 22
to be jetted obliquely toward the bottom.surfaces of the

adjacent sub-cavities 2b and Zc.

The shroud cover 20 has the first impingement
cooling hole 22 which communicates with thecavity 2 and
allows the coeling ailr 3 to be jetted to the inside thereof
so as to cool the inner surface of the cavity:by
impingement. The first impingement cooling hole 22 in the
embodiment communicates with the sub-cavity 2a positioned
on the most upstream side along the hot gas stream 1, and
is-a through hole perpendicular to the hot gas stream 1.

However, the present invention is not limited to

elrod Lt g ~*%%1Wﬂﬂ~kﬂnmm.m-;&w 'W.MWWWF'*Q“'“"W B o e N
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this configuration, and the first impingement cooling hole
22 may éommunicates with the mid sub-cavity 2b or the sub-
cavity 2c on the downStream side.

In the émbodiment, the upstream flange‘l4 and the
downstream flange 15 have third impingement cooling holes
1l4a and 1l5a, respectively, which allow the cooling air to
be jetted toward the oute£ surfaces of the respéctive
flanges 14 and 15 from the cavity 2. .

In the impingement'cooled'structure of FIG. 6, the
high-pressure cooling air 3 first flows through the first

impingement cooling hole 22 and impinges perpendicularly

‘upon a portion of the outer surface 13 (hot wall) which

constitutes the bottom surface of the sub-cavity 2a to

thereby absorb heat from the hot wall. Then, the cooling

ailr 3 reaches a second ilmpingement cooling hole 12a on the
upstream side while exchanging heat with a hole fin 12,

fiows through the hole 12a, and i1mpinges again upon a hot

wall (a portion of the outer surface 13 which constitutes

the bottom surface of the sub-cavity 2b) to thereby absorb

heat from the wall. At the same time, part of the cooling

ailr 3 reaches the third impingement cooling hole 1l4a while

exchanging heat with the upstream flange 14, flows through

the hole, and impinges upon the outer surface of the flange,

and then exits to a mainstream while absorbing heat from
the wall.

Furthermore, the cooling air 3 having flowed in the

sub-cavity Z2b reaches a second impingement cooling hole 12a

[ x]
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on the downstream side while exchanging heat with a hole
fin 12, flows through the hole 1Za, and impinges again upon
a hot wall (a portion of the outer snrfaee 13 which
constitutes the bottom surfaCe of the snb—cavity Zc).to
thereby absorb heat from the wall. Finally, the cooling
air 3 reaches the third impingement cooling hole 15a while
exchanging heat with the downstream flange.15,'flows
through the hole 15a, and impingesuponthe outer surface
of the flange to thereby absorb heat from the wall, and
then exit to the mainstream.

.According to the aforementioned configuration, 1in
the impingement cooled structure of the present invention,
the cooling performance 1is improved by the effects obtained
by the hole fins as well as re-use of cooling air.
Accordingly, in the cooled strueture of the present
invention, even 1f the used amount of cooling air 1s
reduced to about 1/2 or less than the used amount of

cooling air in conventional impingement cooling, it is

possible to maintain a metal temperature equivalent to that

in conventiOnal'impingement cooling.:

FIG. 7 1s a cross-sectional view showing a second
embodiment of the structure of the present invention. In
the second embodiment; compered with the first embodiment
(basic configuration), a single hole fin 12 1is used, a
third i1impingement cooling-hole 1l4a is.not formed in the

upstream flange 14, and only a third impingement cooling

"hole 15a is formed in a downstream flange 15. The other

[x]
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configuratioh,of the second embodiment may be the same as.
that of the first embodiment (basic configuration).

By the configuration of the second embodiment, the
nunmber of stages of impingement cooling can be reduced.
Alternatively, in contrast, the number of stages of
impingement cooling may be increased by increasing the
number of hole fins 12.

FIGS. 8 and 9 are cross—sectional‘views showing
third and fourth embodiments, respectively, .of the
structure of the present invention. In the third and
fourth embodiments, oompared with the first embodiment
(basic configuration), a location where impingement cooling
by cooling air 1s first performed 1s changed.

" FIG. 10 is a cross-sectional view.showing a
embodiment.of the structure of the preseﬁt invention. 1In
the fifth embodiment, compared with the first embodiment
(basic configuration), a third impingement cooling hole 14a
and a third impingement cooling hole 153 are omitted.
Instead, shroud members 10 each have film cooling holes 16a
and 16b which allow cooling air 3 to be jetted obliquely
toward an inner surface 11 from cavity 2 (sub-cavities 23,
2b, and 2c).

By this configuration of the fifth embodiment,
cooling can be enhanced by the film cooling hOles in
accordance with design regquirements, for example.

FIG. il is a cross-sectional view showing a sixth

embodiment of the structure of the present invention. In

et e ke s a4 Qanfe NG IAVOUASIARCIRING - HRUTRENAMAEY I DN M 1D A Y PR T A s e Lttt '
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the sixth embodiment, compared with the first embodiment
(basic configuration}, turbulence promoters 17 ere provided
on the bpttom surface of the caviiy 2 (sub-cavities 2a, 2b;‘
and 2c). The‘turbulence promoters 17 are preferably pins,

5 projections, or the like,whiehhave a function of .
increasing the heat transfer coefficient by interrupting a
flow. Other than the turbulence promoters, for the purpose_
of increasing a heat transfer area, larger projections,
pins, or the like may be provided. | ‘ |

10 By this configuration of the sixth embodiment, it is
poseible to enhance cooling by increasing the heat transfer
coefficient and the heat transfer area.

FIG. 12 is a cross-sectional view showing a seventh
embodiment of the structure of the present invention. In

15 the seventh embodiment, compared with the first embodiment
(basic configuration), vertical.impingement cooling holee_
(first impingement cooling holes 22) are additidnally
provided to locally cool a location where the metal
temperature increases.

20 o FIG. 13 is a cross-sectional view showing an eighth
embodimeht of the structure of the present invention. In
the eighth embodiment, compared with the first embodiment
(basic configuration); shroud members 10 each have a non-

“hole fin 18 which divides a cavity 2 into a plurality of

25 sub-cavities. By the non-hole fin 18, the flow path of

cooling air 3 is divided into two flow paths. The non-hole

fin means a fin which does not have the second impingement




10

15

20

25

CA 02644099 2008-08-28
- 17 -

cooling hole 12a.

By this configuration of the eighth embodiment,
although the amount of cooling air is increased, cooling
can be further enhanced. .

[First Example]

Test results obtained by comparing the cooling
efficiency of the aforementioned structure of the present
invention against that of conventional exémples are
described below..

As schematically shown in FIG. 14A, a test piece 5
which simulates a turbine shroud is produced. In a state
in whiéhhot gas 1 1is flowed over one Surface and cooling
ailr 3 1s flowed over the other surface, a metal surface
temperaturé Trmg - of the mainstream side of the test piece 5
1S measured, and cooling efficiency n 1s calculated.

The cooling'efficienCy-n is defined by the formula
of,n=(Tg¥ng)/(Tg~Tc) ... (1), where Tg 1s the hot
mainstream air'temperature and Tc is the cooling air
temperaturef

FIG. 14B shows a structure (multiple-stage obliqﬁe

impingement) of the present invention used in the test, FIG.

14C shows a conventional example 1 (no pin, fin), and FIG.
14D shows a conventional example 2 (with pins). Other
conditions are the same for all structures.

FIG. 15 shows test results. The horizontal axis

represents the ratio (wc/wg) of a cooling air flow rate wc

to a hot mainstream air flow rate wg, and the vertical axis

g Ry “W‘Q* e L o ] e LE L P DR RIPRT I EIPPIE SUP SV I “w el Lo A vilaliion qtrwmﬁ"mﬂw WQ|M|W;::¢& R R o - o

vy PrYP N Y qapt erem B B -t P so'S
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represents the cooling.efficiency n.

From the graph, it can be seen that the cooling
efficiency of the'present invention i1s high compared with
thé conventional examples 1 and 2. For example, when a
cooling efficiency of 0.5 is required, wc/wg in the présent
invention is about 0.6% while wc/wg in the convéntional
examples 1s about 1.3%. Thus, the amount of air required
can be reduced to 1/2 or less with the cooling efficiency 7
being maintained.

[Second Example]

Next, in the structure of the present invention, the
influence of a gap at a fin tip is tested.

FIG. 16 is an illustrative diagram showing a
relationship between a gap Ah between a radial outward end
of a hole fin 12 and an inner surface of a shroud cover 20,
and a helight h of the hole fin. 1In the drawing, the value
(Ah/h) obtained by dividing the gap Ah between the fin tip
and the plate by the fin height.h is set to range from 0

(no gap) to 0.2, and a calculation of a cooling air flow

rate and a heat transfer analysis are performed;

FIG. 17 shows the analysis results. The horizontal

axls represents the axial length and the vertical axis

represents the metal temperature of a gas passing surface

(metal surface temperature on the mainstream side). Lines

in the drawing represent results for Ah/h ranging from 0 to

0.2.

From the graph, 1t is found that the temperature of

[ x]
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the turbine shroud stanos below an allowable value when
Ah/h stands at or below about 0.2.

[Third Example]

Next;'in the structure of the present invention, the

infldence of the angle of a second impingement cooling hole

12a is tested.

FIG. 18 is an illustrative diagram showing a
relationship between.£he angle © of the second impingement
cooling hole 1l2a and the height e of an impingement; In
the dtawing, a cooling performance test 1s conducted under
the following conditions: the angle 9 = 30° and 45°, and
h/L = 0.13 and 0.26, whére.h 1s the height of an
impingement, and L is cooling chamber length.

FIG. 19 shows thé test results. The horizontal axis
represents the cooling aii flow rate, and the vertical axis
represents the average cooling efficiency. Solid circles
and open cilircles in the graph'represent the test results
for 30° and 45°, respecti?ely.

From the graph, it 1s found that even 1f the angle
1s changed, the cooling efficiency is not much affected
thereby. .

[Fourth Example]

Next, under the same conditions as those in FIG. 18,
the influenoe of an impingement'height e 1s tested.

FIGS. 20A, ZOB}and 20C show the-teét results. The

horizontal axis represents the cooling air flow rate and

the vertical axis represents the average cooling effiCiehcy.

~ e sam i ah ol oo B L L R S T e 1 SUL R LI .o
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Solidvcircles and open circles in each graph represeﬁt the
test results for the value of e/L being.0.13 and 0.26,
respectively.

From the graphs, i1t can be seen that, when the wvalue

of e/L (where e is the impingement height, and L is cooling'.

chamber length) 1is changed, the cooling efficiency when e/L
is 0.13 1is higher. ﬁowever, when the angel O of the second
impingement cooling hole 12a 1s made large, the shroud
thickness needs to be increased, resulting in undesirable
effects such as an i1ncrease in weight and an increase in
thermal stress at the time Qf operation. Therefore, the
angle O preferably stands at or below about 45°. 1In
addition, the value of e/L is preferably small, preférably
0.26 or léss.

As described above, according to the configuration
of the present invention, the shroud cover 20 has the first
impingement cooling holéi22 which allows cooling air 3 to
be jetted in a cavity 2 formed between the shroud cover 20
and the shroud members'io, to cool the inner surface of the

cavity by impingement, the shroudmembers 10 each have the

hole fin 12 which divides the cavity 2 into a plurality of

sub-cavities, and the hole fin 12 has a second impingement

cooling hole 12a which allows the cooling air 3 having

flowed through the first impingement cooling hole 22 to be:

jetted obliquely toward the bottom surface of the adjacent
sub-cavity.

Therefore, it is possible to reduce the amount of

[ %]
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cooling air for cooling hot walls of a turbine shroud and a
turbine end wall, with the thickness of the shroud members
10 being the same as that of conventional ones, without

increasing radial thickneés of the entire shroud, by the

'structure simply having the hole fins 12 that 1s as simple

as a conventional structure.

The-present invention is not limited to the
aforementioned examples and embodiments. Needless to say,
various modifications of the aforementioned examples and

‘embodiments may be made without departing from the scope of

the invention.
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1. An 1mpingement cooled structure comprising:

-

a plurality of shroud members disposed 1n a

circumferential direction to constitute a ring-shaped shroud

5 surrounding a hot gas stream; and

a shroud cover mounted on radial outside
shroud members toO

the shroud cover having a

form a cavity therebetween,

faces of the

first impingement cooling

hole which communicates with the cavity and allows cocling ailr

10 to be jetted to an inside thereof so as to cool an inner

g—

surface of the cavity by i1mpingement,

i ]

the shroud members each having a hole fin,

the hole

-
——

fin dividing the cavity into a plurality of

)

sub-cavities 1n a dilirection of the hot gas stream,

15 the hole

toward an 1nner surface of the shroud

surface constituting the bottom sur:

face o

fin extending 1n a radial outward direction

cover from the outer

- the cavity, and

having a second 1mpingement cooling hole which allows the

cooling air having flowed through the

20 hole to be jetted obliquely toward a bottom sur:

cavlity adjacent thereto,

first 1mpingement cooling

face of the sub-

..

the second i1mpingement cooling hole including a first

opening from which the cooling air
impingement cooling hole,

25 cooling air obliquely toward the bottom surface o:

cavity, and

[ 1
1)

flows 1nto the

second

and a second opening that jets the

- The sub-
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the first opening being formed on a first surface of

the hole fin, and the second opening being formed on a second

— '

surface of the hole fin, wherein one ¢f the first and second

P

surfaces faces 1n the direction of the hot gas stream, and the

H

5 other of the first and second surfaces faces in a direction

—

opposlite to the direction of the hot gas stream.

2. An 1mpingement cooled structure comprising:

a plurality of shroud members disposed 1n a

10 circumferential direction to constitute a ring-shaped shroud

surroundling a hot gas stream; and

a shroud cover mounted on radial outside faces of the

shroud members to form a cavity therebetween,

the shroud cover having a first i1mpingement cooling

15 hole which communicates with the cavity and allows cooling air

to be jetted to an inside thereof so as to cool an 1nner

ﬁ

surface of the cavity by i1mpingement,

the shroud members each having a hole fin,

I}

[

the hole fin dividing the cavity 1nto a plurality o:

20 sub-cavities,

the hole fin having a second implngement coolling hole

—t

which allows the cooling air having flowed through the first

impingement cooling hole to be jetted obliquely toward a bottom

surface of the sub-cavity adjacent thereto,

25 the shroud members each having: an inner surface

extending along the hot gas stream to be directly exposed to
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the hot gas stream; an outer surface positioned at an outside

of the 1nner surface to constitute a bottom surface of the

cavlity; an upstream flange extending 1n a radlal outward

direction from an upstream side of the hot gas stream to be

-

fixed to a fixing portion; and a downstream flange extending 1n

o—

a radial outward direction from a downstream side of the hot

gas stream to be fixed to the fixing portion,

the upstream flange and the downstream flange beiling

provided for forming a cooling ailr chamber outside the shroud

cover,

the hole fin extending 1n a radial outward direction to

—

an lnner surface of the shroud cover from the outer surface

pr—

constituting the bottom surface of the cavity to divide the

cavity i1nto the plurality of sub-cavities adjacent to each

other along the hot gas stream.

3. The impingement cooled structure according to claim

2, the upstream flange and/or the downstream flange having a

third impingement cooling hole which allows the cooling alr to

.

be jetted toward an outer surface of the flange from the

cavity.

4. The impingement cooled structure according to claim

2, the shroud members each having a film cooling hole which

allows the cooling air to be jetted toward the inner surface of

the shroud member from the cavity.
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5. The impingement cooled structure according to claim
1, comprising a turbulence promoter, a projection or a pin on

the bottom surface of the cavity, the turbulence promoter

5 promoting turbulence, the projection or the pin increasing a

heat transfer area.

6. The impingement cooled structure according to claim

1, the shroud members each having a non-hole fin which divides

10 the cavity into a plurality of sub-cavities and divides a flow

path of the cooling air into two or more flow paths.

7. The impingement cooled structure according to claim

2, a gap being formed between a radial outward end of the hole

15 fin and the inner surface of the shroud cover, a height Ah of

the gap being 0.2 or less times as high as a height h of the

hole fin.

8. The impingement cooled structure according to claim

20 2, an angle of the second impingement cooling hole to a bottom

surface of a sub-cavity is 45° or less, an impingement height e

being 0.26 or less times as long as a length L of the sub-

cavity in a flow path direction.
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FIG. 1

FIG. 2
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FIG. 3A

FIG. 3B
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FIG. 4
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FIG. 18
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