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(57) Abrége/Abstract:
A gas turbine cooled blade Is constructed without an Increase In number of parts or time requirements, In which seal air Is

maintained at a lower temperature with heat exchange rate being suppressed and heat transfer rate of cooling medium In
cooling passage Is enhanced. A plurality of cooling passages (A, B, C, D, E) Is provided In a blade, and the first row cooling
passage (A) Is covered at blade inner and outer peripheries and communicates with second row cooling passage (B) through
communication holes (6) and with main flow gas path through film cooling holes (7). Second row cooling passage (B) Is
separated from the first row cooling passage (A) by a partition wall, and Is closed at the inner peripheral side. Second row
cooling passage (B) has at least one communication hole in the partition wall for allowing communication between an interior of
the second row cooling passage and the interior of the first row cooling passage. At least one seal air passage (C, D or E)
arranged downstream of the second row cooling passage has a seal air supply hole at the inner peripheral side for allowing
communication between an interior of the seal air passage (C, D or E) and an inner cavity of the turbine adjacent to the inner

peripheral side.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
S
N

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02381484 2003-05-13

Abstract of the Disclosure

A gas turbine cooled blade 1s constructed without
an increase 1n number of parts or time requirements, 1in
which seal air is maintained at a lower temperature
with heat exchange rate being suppressed and heat
transfer rate of cooling medium in cooling passage is
enhanced. A plurality of cooling passages (A, B, C, D,
E) 1s provided in a blade, and the first row cooling
passage (A) 1s covered at blade inner and outer
peripheries and communicates with second row cooling
passage (B) through communication holes (6) and with
main flow gas path through film cooling holes (7).
Second row cooling passage (B) 1s separated from the
first row cooling passage (A) by a partition wall, and
1s closed at the inner peripheral side. Second row
cooling passage (B) has at least one communication hole
in the partition wall for allowing communication
between an interior of the second row cooling passage
and the interior of the first row cooling passage. At
least one seal alr passage (C, D or E) arranged
downstream of the second row cooling passage has a seal
alr supply hole at the inner peripheral side for
allowing communication between an interior of the seal
air passage (C, D or E) and an inner cavity of the

turbine adjacent to the inner peripheral side.
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GAS TURBINE COOLED BLADE

This application is a division of Canadian Patent

Application Serial No. 2,266,140 filed on March 19, 1999.

BACKGROUND OF THE INVENTION:

Field of the Invention:

The present invention relates generally to a gas

turbine cooled blade and more specifically to a gas turbine

cooled blade having a seal air supply passage for supplying
therethrough a seal air from an outer peripheral side to an
inner peripheral side of a stationary blade and a gas turbine

cooled blade having a structure for enhancing a heat transfer

rate 1n a cooling passage of a moving blade or a stationary

blade.
Description of the Prior Art:

Examples of the above-mentioned type gas turbine
cooled stationary blade in the prior art will be described with

Reference to Figs. 7(a & b) and 8(a & b).

Figs. 7(a & b) are schematic cross sectional views of
one example of a prior art gas turbine cooled blade,
wherein Fig. 7(a) 1s a longitudinal cross sectional view
and Fig. 7(b) 1s a cross sectional view taken on line III-
III of Fig. 7(a). Figs. 8(a & b) are schematic cross
sectional wviews of another example of a prior art gas
turbine cooled blade, whereiln Fig. 8(a) 1s a

longitudinal cross sectional view and Fig. 8(b)is a cross
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sectional view taken on line IV-IV of Fig. 8(a).

In an actual unit of the gas turbine, number of stages
is decided by the capacity of turbine, for example, 1n a gas
turbine constructed in four stages, 1ts second, third and

5 fourth stage stationary blades, respectively, have moving
blades disposed in front and back thereof and each of the
stationary blades is structured to be surrounded by adjacent
moving blades and rotor discs supporting them. Hence, 1t 1s
important that a main flow high temperature gas does not flow

10 into a gap of each portion in an interior of the stationary blade,
sald gap being formed there in process of manufacture, assembly,
etc.

As a countermeasure therefore,such a construction 1is
employed usually that a bleed air from compressor is flown 1nto

15 the interior of the stationary blade from its outer peripheral
side to be supplied into a cavity portion on an inner peripheral
side of the stationary blade as a seal air so that a pressure
in the cavity portion is kept higher than that in a main flow
high temperature gas path, thereby preventing inflow of the

20 main flow high temperature gas.

The prior art example of Figs. 7(a & b) are of

a seal air supply structure using a seal tube 4 for
leading therethrough a seal air wherein the seal tube 4

is provided 1in a stationary blade at a position

25 apart from an inner surface of a blade portion 5 to

pass through a first row cooling passage A of a leading
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edge portion 1n the blade portion 5, thereby a blade
outer peripheral 1s side communicates with a cavity
portion of a blade inner peripheral side so that a seal
alr 3 1s supplied into the cavity portion through the
seal tube 4.

Numeral 2 designates a cooling medium, which 1is
supplied for cooling of the stationary blade to flow
through the first row cooling passage A and further
through a second row cooling passage B and a third row
cooling passage C 1n the Dblade portion 5 and 1is
discharged into the main flow high temperature gas from a
blade trailing edge portion.

Also, another example 1n the prior art shown 1in
Figs. 8(a & b) 1s constructed such that a sealing air 3
1s supplied directly 1into a first row cooling passage A
to be used both for a sealing air and a blade cooling air
wherein such a seal tube as used in the example of Figs.
7(a & b) 1s not used and omitted.

In the moving blade and stationary blade of a
conventional gas turbine including those blades shown in
Figs. 7(a & b) and 8(a & b), there are provided cooling
passages so that cooling medium 1s led to pass
therethrough for cooling of the interior of the blade.
By such cooling, gas turbilne portions to be exposed to
the main flow high temperature gas flowing outside
thereof are cooled so that strength of said gas turbine
portions 1s mailntained so as not to be deteriorated by

the high temperature.

Fig.9 1s a longitudinal cross sectional view of the

-3 -
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conventional gas turbine cooled blade. In Fig. 9, numeral 21
designates a cooled blade (moving blade), in which a cooling
passage 22 1is provided passing therethrough. Numeral 23

designates a cooling medium, which flows 1nto the blade from‘
a base portion of the cooled blade 21 to flow through cooling
passages 22a, 22b and 22¢ sequentially and 1s discharged into
a gas path where a high temperature gas 25 flows. Numeral 24
designates a rib and there are provided a plurality of ribs 24
being arranged inclinedly on inner walls of the cooling

passages 22a, 22b, 22c, as described later, so that the cooling
medium 23 flows in each of the cooling passages like arrow 29

with a heat transfer rate therein beilng enhanced.

Figs.10(a & b) are enlarged views cf one of the cooling

passages of the cooled blade 21 in the prior art as described

above, wherein Fig. 10(a) is a plan view thereof and Fig. 10(b)
1s a perspective view thereof. As shown there, in the cooling
passage 22 of the cooled blade 21, the plurality of ribs 24 are
provided, each extending in an entire width W of the cooling
passage 22 to be disposed inclinedly with a constant angle O
relative to a flow direction of the cooling medium 23 with a
rib to rib pitch P and projecting in a height e. The cooling
medium 23 is led into the cooling passage 22 from outside of
the cooled blade 21 to flow through the cooled blade 21 for
sequential cooling therein and is discharged into the high

temperature gas 25, as described in Fig. 9. At this time, the
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rib 24 causes turbulences in the flow of the cooling medium 23

so that the heat transfer rate of the cooling medium 23 flowing

through the cooling passage 22 is enhanced.

Figs. 11 (a, b, C & d) are schematic
explanatory views of a flow pattern and a cooling

function thereof of the cooling medium 23 flowing 1n

the cooling passage 22 of Figs. 10(a & b), wherein Fig.

11(a) shows a flow direction of the cooling medium 23 seen on
a plan view of the cooling passage 22, Fig. 11(b) shows a flow
of the cooling medium 23 seen from one side of Fig. 11(a), Fig.
11(c) shows the flow of the cooling medium 23 seen perspectively
and Fig. 11(d) shows a heat transfer rate distribution in the
cooling passagé 22.

As shown there, in a space between each of the ribs
24, the cooling medium 23 becomes a swirl flow 23a as 1in Fig.
l1l1(a) to flow toward downstream from upstream there so as to
mo?e in a constant direction along the rib 24 provided
inclinedly as in Fig. ll(c). For this reason, as shown
conceptually by the heat transfer rate distribution of Fig.
11(d), there is generated a high heat transfer rate area 30 on
an upstream side thereof where the swirl flow 23a.approaches
to a wall surface of the coolihg passage 22 (boundary layer
there is thin). On the other hand, on a downstream side thereof
where the swirl flow 23a leaves from the wall surface of the
cooling passage 22 (boundary layer there 1is thick), the heat

transfer rate tends to lower as compared with the upstream s1de,
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hence there occurs a non-uniformity of the heat transfer
rate according to the place, which results i1n suppressing
enhancement of an average heat transfer rate as a whole.

In the first prior art example shown 1n Figs.
7(a & b), there is provided the seal tube 4 which 1is
disposed at the position apart from the inner surface of
the blade portion 5 for exclusively leading therethrough
the seal air 3. Hence, in this system, while there is an
advantage that the seal air 3, making no direct contact
with the inner surface of the blade portion 5, can be
supplied as the seal air before 1t 1s heated by heat
exchange, there 1is also a disadvantage of inviting an
increased number of parts and an increased working man-
hour in providing the seal tube 4.

Also, in the second prior art example shown 1in
Figs. 8(a & b), while no such seal tube as the seal tube
4 is used and reduction of the parts number and working
man-hour can be realized, the seal air 3 1is supplied
passing through the blade leading edge portion where
there 1s a large thermal load, hence there 1s needed a
large heat exchange rate for cooling of the blade, which
results in a problem that a temperature of the seal air
becomes too high.

Further, 1in the prior art gas turbine
cooled blade shown 1in Figs. 9 to 11(d), the cooling
medium flows to generate the swirl flow 23a which flows
along the rib 24 in the cooling passage 22 as shown

in Fig. 1l(a) and therefore are formed the high
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heat .tran.sf\er'.rate area 30 in the place where the swirl flows
23a'approaches tothe wal1 surface of the coocling passage 22
and the area of lower heat transfer rate in the place where the
swirl flow 23a leaves from the wall surface of the'cooling.
passage 22 as shown in Fig. 11(d), hence the heat transfer ffrate
becomes non-uniform to cause a\lowering of theiaverage heat

transfer rate.

SUMMARY OF THE INVENTIQN:

Ih order to dissolve the problems in the prior:art
as mentioned above, it is an object of the present invention
to provide a gaé turbine cdoled blade in which a seal air is
maintained to a lower temperature with its heat exchange ij:ate
being suppressed and 1s led into the blade for a seal air supply
with no increase in number of parts and workingman—hour;’

It is another'object of the present invention to
provide a gas turbine c'ooled’blade in which a cooling paséage
is made in suCh a strﬁcture that shapes of ribs and arrangelﬁent '
thereof afe:devised so that a high heat transfer rate area
causedbj:a flowof'coolingmedium 1n thecooling,passagéis

formed uniformly in a space between each of the'ri_;bs to thereby

enhance an average heat transfer rate in the entire cooling

passage.
In order to achieve said object, the present

invention first provides a gas turbine cooled blade having
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therein a plurality of cooling passages extending in a turbine
radial direction, a portion of said plurality of cooling
passages being used as:_fa seal air supply passage as well for

supplying therethrough a seal air into a cavity oha blade inner

peripheraliside from a blade outer peripheral side,

characterized in that a cooling passage of first: row from

upstream is covered both at its blade inner peripheral side and
blade outer peripheral side and éommunicates with a cooling
passage of ‘second roiq from same via a communication hole Bored
in a part'it'ion wall betweén itself and s.aid cooling passage of
second z"ow-as well as cominunicates with a main flow gas \pa\th
via a filmcooiing hole bored in é blade'wall passing
therethrough to a blade outer surface; and said codling paSsage
of second row conunuriicates with the cé_vity on the blade inner
peripheral;Side so as to form the seal air suéply passage.
That is, according to the pre‘sent inventidn, the.fseal

air supplied from the blade outer peripheral side;‘ flows thfough
the selected second row cooling passage where there are less
thermal load and less heat exchange rate of the seal air,
thereby an appropriate temperature as the seal air can be
maintained. \ ‘ *

- Also, a portion of the seal air in the second row
cooling passage is separated to flow into the first row cooling
passage via the communication hole to be used as a cdol_ing air.

This cooling air first cools the blade leading edge portion
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which surrounds the first row cooling' passage and then makes

film cooling of the blade outer surface, passing throug-h_the

- filmcooling hole. Thereby, without increase in number of parts,

such as a seal tube, the seal air which is suitable to be led \'
into the blade_ inner peripheral side cavity can be secured as
well as the appropriateCooling of the blade'leading edge
portion can be done. . .

The present invention provides also a gas turbine
cooled blade mentioned_ above, characterized in that said seal
alr supply passage 1is formed not by the second:row cooling
passage but being selected from a third and subsequent row
cooling pas'sageé dow.nstream of the second row cooling passage.

' That is, according“to the present invention, the
cooling passage of the seal air supplied from the blade outer
peri'pheral side to the blade inner peripheral side is formed
being selected from the coo’linghpassages of downstream of the
second row cooling .pe;s,sage_, théreby the heat exchange rate in
the blade portion corresponding to that cooling passage is
small sufificiently SO that.the temporature of the seal air i;can
be maintained to a furt'her lower level and the séal ai-r which
is more suitable to be ied into the blade‘ inner peripheral side
cavity can be obtained. - - -

‘The present invention further provides a gas turb._ine
coolod blade having therein a cooling passage, oaid cooling

passage having on its inner wall a plurality of ribs di_3posed
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's0 as to cross a cooling medium flow direction with a

predetermined rib te rib pitch, characterized in that each of

said plurality of ribs extends from a side end of said cooling

passage to a position b"ey'ond a central portion thereof to be

disposed alternately right and left against the cooling meﬁium
flow direction and inclinedly in mutually opposing directions

as well as to make contact at its one end beyond the central

portion of said cooling passage with a side face of another rib

of immed;iat.ely upstream thereof.
That is, according to the present invention, each of
the ribs is disposed alternately against the cooling medium

flow direction and inclinedly in mutually oppos ing directions

while making contact with the side face of the immediate

upstream rib at the 'position slightly biased toward the side

from the central portion of the cooling passage. Thereby, there

- are generated the swirl flows on both side portions of the

cooling\pass:age due to the cooling medium flowing against the
alternately disposed and inclined tribs an_—d .said swirl flows
flow while swirling in the space foi:med by the ribs disposed
with the predeterminedpitch . Thus} there are formed the high
heat trahs'fer rate \ar_eas on both side portions of the cooling
passage and there is no case of the high heat transfer rate area
occurring on one side portiOh only as in the prior art case,
which results iri forming of an increased and u_niform:high heat

transfer rate area in the entire cooling passage and

- 10 -
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enhancement of the average _heat transfer rate.

Also, the present inventioh provides a gas turbine
cboied blade as mentioned above, characterized 1n that ea_eh of
said plural_ity of -ribs has a shape in which a height thereof |
reduces dgradually from a higher po.rtion_ at its said one end
beyond the central portion of said cooling passage toward a

lower portion at its the other end at the side end of said

cooling passage.

 That is, aec_o-rding\to the present invention, eaeh of
the ribs has a shape of height which reduces gradually from its
one higher end to the other lower end and the higher end mekes
contact with tﬁe side face of the immediate upstream,rib,
thereby there are generated the small swirl flews,alongthe
cooling medium flow a’t,the contact ‘position of the two ribs,
which results in assisting to enhance the heat transfer rate
further,inadditionstotheﬁenhancement of the\average heat
transfer rate by the above-mentioned invention. .. '

- The present-invehtion further provides a g‘as'turbine
cooled blade having pherein a cooling passage,\said'cooling
passage having on its -inn_ei: wall a plurality of rlbs disPQsed
so as to cross a cooling medium flow direction with a '
predetermined rib te rib.'pit_ch, characterized in that there is
provided a pin projecting s_ubstantially perpendicularly at a

predetermined position in a longitudinal direction of a rib of

‘all or a-portion.ofsaid@plurality'of ribs.

- 11 -
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That 1is, according to the present invention, by ;the
swirl flows generated by the ribs crossing the cooling medium
flow, there 'are formed the high .heat. transfer rete areas and
in 'addition thereto, the pins are provided projectingly so that '
swirl flows are further generated on the downstreem side of the
respective pins to flow along the inclinedly disposed ribs,
thereby the.high heat transfer rate areas are.formed also 1in
the area where the high heat trensfer rate area had been hardly
formed in the prior.art, which'results in forming'of.an:
increased and uniform high heat transfer rate area in the entire
cooling passage and enhancement of the average heat transfer
rate. ‘ '

Also, the present invention proVides a gas turbine
cool_ed bl'ﬁade'as mentioned above,characterized in'tha-t saidpin
is provided in plural pieces with a predetermined pin 'to pin
pitch on the rib. ' x

' - That is, according to the present invention, the pin
1S provided.in-plurél pieces with the predetermined pitch
between the pins on the rib on which the pin 1is to be provided,
thereby the high heat i:ransfer rate areas ’whichiare formed by
the swirl flows generated by the pins can be further increased
to form a more uniform high heat transfer rate area and the
average heat transfer rate 1s further enhanced.

The present invention further provides a gas turbine

cooled blade as mentioned above, characterized in that sald pin

- 12 -
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is provided in sald cooling passage so as to connect a

dorsal side portion and a ventral side portion of the blade.

~That 1is, according to the present invention, the
pin 1S p:rovided so as to connect the blade dorsal side and
the blade ventral side, thereby the pin can be used as a

reinforcing element in the cooling passage as well, in

addition to the effect of the enhancement of the average

neat transfer rate Dby the increased high heat transfer raté
area. '

According to one aspect of the invention, there is
prov1ded a gas turbine blade comprlslng a coollng passage
for Channellng a cooling medlum, said cooling passage hav:L_ng
an lnner wall; and a plurality of ribs on said inner wall of

said cooling passage, said ribs being arranged so as to

cross a flow direction of the coolilng medium and so as to
have a predetermined rib-to-rib pitch, wherein at least one
of said ribs includes a pin projecting substantially
perpendicular to said at least one of said ribs at a
predetermlned pos:.tlon on- a longltudlnal axlis of saiid at
least one of sald ribs. '

- Accordlng to another aspect of the .invention,
there is provided a gas turbine blade comprising a cooling
passage for channeling & cooling medium, said ‘coéling
passage having a first side, a second side, & 'cénter
longitudinal axis, and an inner wall; and a plurality of

ribs on said inner wall of said cooling passage, said ribs

being arranged so as to cross a flow direction of the

cooling medium and so as to have a predetermined rib-to-rib

‘pitch,'each of~said ribs having a first end, a_second end, a

side face, and 1is formed such that a height of each of said
rips gradually decreases from a high portion at said flrst
end to a low portion at sald second end, said ribs extendlng

from one of said first side and said second side in an

- 13 -
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alternating manner such that said first end of each rib is
located at a position past said center longitudinal axis,
each of said ribs’beihg'inclined with'respect to said center
longitudinal axis of said COoling passage such that said

first end of each of said-ribs contacts said side face of an

adjacent rib immediately upstream thereof.

According to yet another aspect of the lnventlon,
there 1is provided a gas turbine blade compr.1.31ng a coolilng
passage for channeling a cooling medium,. said cooling
passage having a” first side, a second side; a center
longitudlnal ax1s, and an 1inner wall; and a plurality of
ribs on said inner wall of said cooling passage, said; ribs
being arranged so as to cross a flow direction of the
cooling medium and so as to have a predetermined rib-to-rib
pitch, each of said ribs haV1ng an end and a side face,fsald
ribs ex*ending from one of said first s:Lde and said second
side in an alternatlng manner such that sald end of each rib
lS located at a posrtion past said center longitudinal axls,
each of said ribs being inclined with respect to sald_center
longirudinal axis of said cooling passage such thatisaid end
of each of said ribs contacts said side face of an adjacent
rib immediately upstream thereof. '

According to a further aspect of the invention,
there 1s provided a gas tur_bine blade comprising an inner
peripheral side; an ou‘cer peripheral side; a blade portion
having:-a- plurality of c¢ooling passages eXtending in a
turbine radial direction between said outer peripheral side

and said inner peripheral side, said plurality of cooling

- passages 1including a first cooling passage arranged at an

upstream position of said blade portion with respect to a
turbine main gas flow path at an exterior of said blade
portion, said first cooling passage being closed at said

outer peripheral side and at said inner peripheral side and

- 13a -
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outer peripheral side and at said inner peripheral side
and having at least one film cooling hole for allowing
communication between an interior of said first cooling
passage and the main gas flow path; a second cooling
passage arranged downstream of said first cooling passage
with respect to the turbine main gas flow path and being
separated from said first cooling passage by a partition
wall, said second cooling passage being closed at said
inner peripheral side and having at least one
communication hole 1in said partition wall for allowing
communication between an interior of said second cooling
passage and saild interior of said first cooling passage;
and at least one seal ailr passage arranged downstream of
sald second cooling passage wilith respect to the turbine
main gas flow path, each of said at least one seal air
passage having a seal air supply hole at said inner
peripheral side for allowing communication between an
interior of each of said at least one seal air passage

and an inner cavity of the turbine adjacent to said inner

peripheral side.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 1s a perspective, partially cut away, view
of a gas turbine cooled blade of a first embodiment

according to the present invention.

Figs. 2(a & b) show a schematic cross section of

the gas turbine cooled blade of Fig. 1, wherein Fig. 2(a)

- 13b -
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is a longitudinal cross sectional view and Fig. 2(b) 1is a
cross sectional view taken on line II-II of Fig. 2(a).

Figs. 3(a, b & c¢c) show a main part of a cooling
passage of a gas turbine cooled blade of a second
embodiment according to the present invention, wherein
Fig. 3(a) is a partially enlarged plan view thereof, Fig.
3(b) 1s a side view thereof and Fig. 3(¢) 1s a
perspective view thereof.

Figs. 4(a, b, ¢ & d) are schematic explanatory
views of a flow pattern and a heat transfer rate
distribution of a cooling medium in the second embodiment

of Figs. 3(a, b & ¢), wherein Fig. 4(a)

- 13c -
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1s plan view of the flow pattern, Fig. 4(b) 1is a side view
thereof, fig. 4(c) 1s a perspective view thereof and Fig.
4 (d)i1s a view showing the heat transfer rate distribution.

Figs. 5(a, b & ¢) show a gas turbine coocled blade of
a third embodiment according to the present invention,
wherein Fig. 5(a) 1s partially enlarged plan view, Fig.
5(b) 1s a side view thereof and Fig. 5(c) 1s a perspective
view thereof.

Figs. 6(a, b, ¢ & d) are schematic explanatory views
of a flow pattern and a heat transfer rate distribution of
a cooling medium i1n the third embodiment of Figs. 5(a, b &
c), wherein fig. 6(a) 1s a plan view of the flow pattern,
Fig. 6(b)i1s a si1ide view thereof, Fig. 6(c) 1s a
perspective view and Fig. 6(d) 1s a view showing the heat
transfer rate distribution.

Figs. 7(a & b) are schematic cross sectional views
of one example of a prior art gas turbine cooled blade,
wherein Fig. 7(a) 1s a longitudinal cross sectional view
and Fig. 7(b) 1s a cross sectional view taken on line III-
IIT of Fig. 7(a).

Figs. 8(a & b) are schematic cross sectional views
of another example of a prior art gas turbine cooled
blade, wherein Fig. 8(a) 1s a longitudinal cross sectional
view and Fig. 8(b) 1s a cross sectional view taken on line
IV-1IV of Fig. 8(a).

Fig. 9 1s a longitudinal cross sectional view of a
conventional gas turbine cooled blade.

Figs. 10(a & b) are enlarged views of one of cooling

passages of the conventional gas turbine blade of Fig. 9,

- 14 -
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wherein Fig. 1l0(a) is a plan view thereof and Fig. 10 (b)
1s a perspective view thereof.

Figs 11(a, b, ¢ & d) are schematic explanatory views
of a flow pattern and a cocling function thereof of a
cooling medium flowing in one of the cooling passages of
Figs. 10(b & b) wherein Fig. 1ll(a) shows a flow direction
of the cooling medium seen on a plan view of the cooling
passage, Fig. 11(b) shows a flow of the cooling medium
seen from one side of Fig. 1l1l(a), Fig. 11l(c)shows the flow
of the cooling medium seen perspectively and Fig. 11(4d)
shows a heat transfer rate distribution 1n the cooling
passage.

Figs. 12(a & b) are schematic cross-sectional views
of an alternate embodiment of the gas turbine coocled blade
of Figures 2(a & b) wherein the FIG. 12(a) 1s a
longitudinal c¢ross-sectional view and FIG. 12(b) is a

cross-sectional view taken along line II-II of FIG. 12(a).

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

A first embodiment according to the present

invention will be described with reference to Figs. 1 and
2(a & Db). It 1s to be noted hat same parts as those in
the prior art mentioned above are given same reference
numerals 1n the figures with repeated description being
omitted as much as possible, and characteristic points of

the present embodiment will be described mainly.

Fig. 1 is a perspective, partially cut away, view of
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a gas turbine cooled blade of a first embodiment according
to the present invention.

Figs. 2(a & b) show a schematic cross section of the

gas turbine cooled blade of Fig. 1, wherein Fig. 2(a) 1s a

longitudinal cross sectional view and Fig. 2(b) 1s a cross
sectional view taken on line II-II of Fig. 2(a).

In the present embodiment, a seal air 3 having
function of blade cooling as well, 1like 1n the second
example of the prior art of Figs. 8(a & b), 1s not led
into a first row cooling passage A provided 1in a blade

leading edge portion but is lead into a second row cooling

passage B where there is less thermal load, and while the

alr cools the second row cooling passage B, a portion of
the seal air 3 1is separated to be supplied into the first
row cooling passage A and remalning portion thereof 1is
lead into an inner cavity 10 as the seal air.

That is, as shown i1in Figs.l and 2(a & b), there are
bored a plurality of communication holes 6 1n a cooling
passage wall 11 which partitions the first row cooling
passage A provided in the blade leading edge portion and
the second row cooling passage B. There are also provided
a plurality of film cooling holes 7 i1n walls on a dorsal
side and a ventral side, respectively, of a blade portion
5 of the first row cooling passage A.

Further, an inner shroud 8 and an outer shroud 9 of
the first row cooling passage A are structured to be
closed 1in a turbine radial direction. Also, third and
subsequent row cooling passages (third row cooling passage

C, fourth row cooling passage D and fifth row cooling

- 16 -
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passage E) are structured same as those in the prior art
described above.

In the present embodiment constructed as above, a
cooling medium 1 having both of sealing function and blade
cooling function 1s supplied into the second row cooling
passage B from an outer shroud 9 side and after having
cooled inner surfaces of the passage, the cooling medium 1
1s partially led into the inner cavity 10 as the seal
air 3.

Remalining part of the cooling medium 1 is supplied
into the first row cooling passage A through the
communication holes 6 and, after having cooled inner
surfaces of the passage as a cooling air, is blown into a
main flow high temperature gas through the film cooling
holes 7 for effecting a film cooling of blade outer
surfaces.

Like the cooling air in the prior art, a cooling
medium 2 having passed through the third row cooling
passage C enters the fourth row cooling passage D formed
in a serpentine shape and the fifth row cooling passage E
sequentially for cooling of blade inner surfaces and 1is
then blown into the main flow high temperature gas from a
blade trailing edge portion.

Thus, according to the present embodiment, the seal
alr 1s supplied 1into the second row cooling passage B
where there 1s less thermal load and a portion of the
cooling ailr 1is supplied into the first row cooling passage
A through the communication holes 6 of the cooling passage

wall 11 for effecting the film cooling of the blade outer

- 17 -
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surfaces, thereby the blade outer surfaces of the portion
corresponding to the second row cooling passage B are
applied to by the film cooling and reduced of temperature
so that the thermal load of the second row cooling passage
B is lowered further and temperature rise of the seal air
in the second row cooling passage B 1s suppressed further
securely. Also, because temperature rise of the seal air
supplied 1nto the inner cavity 10 via the second row
cooling passage B 1s suppressed sufficiently, there is no
need of using a seal tube, which results in no increase of
parts number and working man-hour.

It 1s to be noted that, if a proportion of flow
rates of the sealing air to be supplied into the inner
cavity 10 from the second row cooling passage B and the
cooling air to be supplied into the first row cooling
passage A from same 1s to be regulated, a throttle may be
provided at a cooling passage outlet on the inner cavity
10 side.

It 1s also to be noted that, although description
has been done 1n the present embodiment on the seal air 3

to be supplied i1nto the inner cavity 10 via the second row

cooling passage B, the seal air 3 is not limited to that
supplied from the second row cooling passage B but may be
supplied from the third row cooling passage C or
subsequent ones selectively as shown in Figs. 12(a & b).
In the case 0of such variation as this, the third row
cooling passage C and subsequent cooling passages are in
further less thermal load than the second row cooling

passage B, thereby the seal air is maintained to a more

- 18 -
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preferable lower temperature so that the seal air which is
suitable for the inner cavity 10 can be secured.

Next, a second embodiment according to the present
invention will be described concretely with reference to
Figs. 3(a, b & ¢) and 4(a, b, ¢ & d). Figs. 3(a, b & c)
show a main part of a cooling passage of a gas turbine
cooled blade of the second embodiment, wherein Fig. 3(a)
1s a partially enlarged plan view thereof, Fig. 3(b) is a
side view thereof and Fig. 3(c) 1s a perspective view
thereof. In Figs. 3(a, b & c¢), numeral 31 designates a
plurality of ribs, each of said ribs being disposed on an
inner wall surface of a cooling passage 22 extending
alternately toward both side directions of a main flow
direction of a coocling medium 23 and being inclined with a
constant angle to said main flow direction of the
cooling medium 23 and with a constant rib to rib pitch P
inn said main flow direction of the cooling medium 23.

As shown 1in Fig. 3(a), each of the ribs 31 is
disposed inclinedly in a width Wa which is smaller than an
entire width W of the cooling passage 22 to extend having
such a height as gradually reduces from at its one higher
end having a height e at a position of the width Wa which
1is slightly biased to a side end of the cooling passage 22
beyond a central portion thereof toward its the other
lower end of downstream outer side thereof having a height
f which is lower than e.

Each of the ribs 31 makes contact at its end
portion of the height e with an approximately central

portion of a side face of another rib 31 disposed

- 19 -
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immediately upstream thereof so as to project higher than
the side face of said another rib 31 at a position of the
contact portion and there are disposed alternately a
plurality of ribs 31 to extend inclinedly 1in mutually
opposing directions with the rib to rib pitch P 1in the
main flow direction of the cooling medium 23 1in the
cocling passage 22.

Figs. 4{(a, b, ¢ & d) are schematic explanatory
views of a flow pattern and a heat transfer rate
distribution of the c¢ooling medium in the second
embodiment of Figs. 3(a, b & c¢), wherein Fig. 4(a) 1is a
plan view of the flow pattern, Fig. 4(b) 1s a side view
thereof, Fig. 4(c) 1s a perspective view thereof and Fig.

4 (d) is a view showing the heat transfer ©rate

distribution. As shown therxre, by the effect of the ribs
31 disposed alternately and inclinedly 1in the mutually
opposing directions, the cooling medium flowing in the
cooling passage 22 generates a swirl flow 23b which flows
swirlingly and inclinedly downstream toward a side portion
of the cooling passage 22 from the central portion thereof
in the respective spaces formed with the pitch P between
the ribs 31.

As the rib 31 has a shape which reduces 1its height
from e to f and there occurs a difference in the
height at the portion where the ribs 31 make contact
with each other, there arises a small swirl flow 27
at a corner ©portion of the rib 31 having the

height e. As the contact portions of the ribs 31
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are formed alternately on both side portions of the cooling

passage 22, the small, swirl flow 27 is also formed on both side

portions of same.

In the present ,embo‘diment constructed as above, 1ike'}
i'n the prior art c?ooling' structure, there is -formea a_high-h‘eat'
trans\fer‘f rate 'area 26 on the upstream side of the swirl flow
23b as shown in Fig. 4 (d) , _ and because the swirl flow 23b is
formed 1n ‘the respective spaces formed between the ribs 31 on
boﬁh side_pdrtibns 6f\the\cooling passége~22, said high heat
transfer rate area 26 is also formed therein on both side
portions of same. ) ‘ .

~Also ,  the rib 31 changes 1its shape to reduce- the
height frbm e to f, hencé the small swirl flow -2'7? occurring at
the corner portion of the rib 31 in the contact portion of ithe'
ribs 31 i‘s:\al_so generated on _both side portions o.:f the coolﬁ\ing ._
passage 2'.2-’ to assist generation of the high heat transfer rate
area 26, which re'sults in'fu-r'ther'enhanc'ing the heat tr.ans{fer
rate.

It is to be ynoted;t'hat', as to the height e_; f of ithe -
rib 31, even in the case where e equals f, similar_,e.ffe,ct can
be obtained and the value e", f may bé selected and adjusted so
as to obtain a necessarjhighheat transfer raté.

..According\ to the present embOdimént, -the ribs 31 {are
disposed alternately and inclinedly in the mutually opposing

directions wh_erein the end portion of the rib 31 makes contact
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with side surface of the upstream side rib 31 and the rib

31 has a shape to reduce its height from e to f, thereby
the swirl flow 12b 1s generated and the high heat transfer
rate area 26 is formed uniformly on both side portions of
the cooling passage 22. Moreover, the small swirl 27 is
generated at the corner portion of the contact portion of
the ribs 31 to assist generation of the high heat transfer
rate area 26, which results i1n enhancing the average heat
transfer rate of the entire cooled blade.

Figs. 5(a, b & ¢) shows a gas turbine cooled blade of
a third embodiment according to the present invention,
wherein Fig. 5(a) 1s a partially enlarged plan view, Fig.
5(b) is a side view thereof and Fig. 5(c) 1s a perspective
view thereof. As shown there, the present third embodiment
1s made basically on a same shape of rib and same
arrangement thereof as i1n the prior art, shown 1in Figs.
10(a & b)), with an 1improvement being added to enhance a
heat transfer rate in a low heat transfer rate area.

In Fig. 5(a), there is provided a pin 28 on the rib
24 at a position of an approximately central portion C of
an entire width W of the cooling passage 22. The pin 28
has a shape of diameter d and height h, as shown in Fig.
5(b). In the figure, there is provided the pin 24 on each
of the ribs 24 but the pin 24 is not necessarily provided
on each of the ribs 24 but may be provided on every two,
three or more ribs 24.
Figs. 6(a, b, ¢ & d) are schematic explanatory

views of a flow

- 22 -
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pattern and a heat transfer rate distribution of the
cooling medium in the thirxd embodiment c¢f Figs. 5(a,
L & ¢), wherein Fig. 6(a) 1s a plan view of the flow
pattern, Fig. 6(b) 1s a side view therxeof, Fig. 6(c) 1is a

perspective view and Fig. 6(d) is a view showing the heat

transfer rate distribution. As shown there, the swirl

flow 23b 1is generated by the rib 24 and the high heat
transfer rate area 30 is thereby formed, as shown in Figs.
6(a) and (d). This high heat transfer rate area 30 has a

same function as that of the prior art shown in Figs.
11{(a, b, ¢ & d).

In addition thereto, by existence of the pin 28, there
is generated a swirl flow 32 on a downstream side of the pin
28. The swirl flow 32 flows along inclination of the rib 24
so that there is formed a high heat transfer rate area 31 on
the opposing side of the high heat transfer rate area 30, as
shown in Fig. 6(d). Thus, by selecting the diameter d and the
height h of the pin 28 arbitrarily, the heat transfer rate at
the high heat transfer rate area 31 can be adjusted.

If the entire width W of the cooling passage 22 is
large, the pin 28 may be provided in plural pileces along a
longitudinal direction of the rib 24 and in this case, the high
heat transfer rate area can be enlarged.

In the present embodiment where the pin 28 is provided
projectingly, it will be preferable if the pin 28 1s provided
so as to connect a dorsal side portion and a ventral side portion

of the blade, because the pin 28 may function in this case not

- 23 -
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only for acceleration of cooling but also as a rainforcing
element of the blade which is a holl.ow blade hav‘ing a thin wall
strUCtufe.-
- According to said third embodiment, like in the

secbnd, em;bo"diment ’ the high héat transfer rate area is enlarged p
thereby thé_average heat transfer rate can befenhanced;

' It is understood that the invention is not limited
to the particular conétruction and arrangement héréin .
illustrated and deséribed'but embraces such_mddified fo:ms'

thereof as come within the scope of the following claims.

- 24 -
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WHAT IS CLAIMED IS:

1. A gas turbine blade comprising:

an inner peripheral side;

an outer peripheral side;

a blade portion: having a plurality of cooling
passages extending in a turbine radial direction between
said outer peripheral side and said inner peripheral side,
said plurality of cooling passages including:

a first cooling passage arranged at an upstream
position of said blade portion with respect to a turbine
main gas flow path at an exterior of said blade portion,
said first cooling passage being closed at said outer
peripheral side and at said inner peripheral side and having
at least one film cooling hole for allowing communication
between an 1interior of said first cooling passage and the
main gas flow path; | '

a second cooling ,paseage arranged downstream of
said first cooling passage with respect to the turbine main
gas flow path and being separated from said first cooling
passage by a partition wall, said second coolin'g passage
being closed at said inner peripheral side and having at
least one communication hole in said partition wall for
allowing communication between an interior of said second
cooling passage and said interior of said first cooling
passage; and

at least one seal alr passage arranged downstream
of said second cooling passage with respect to the turbine
main gas flow path, each of said at least one seal air
passage having a seal air supply hole at said inner

. peripheral side for allowing communication between an

-interior of each of said at least one seal air passage and

an inner cavity of the turbine adjacent to said inner

peripheral side.

- 25 -
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