TRANSITION PIECE AND GAS TURBINE CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]This application is based upon and claims the benefit 5 of priority from the prior Japanese
Patent Application No. 2010-284079, filed on December 21, 2010; the entire contents of which are
incorporated herein by reference. FIELD 10 [0002]Embodiments described herein relate generally to a
transition piece and a gas turbine provided with the above transition piece. BACKGROUND 15[0003]In
a gas turbine power generating pratsaiTcompressed hymulrivigy ohartpressor provided coaxially
with a turbine part is led to a combustor liner. A high-temperature and high-pressure combustion gas
generated by the air led to the combustor liner and fuel being mixed to be burnt is led to the turbine

part through ransiti iece.con ed to the comhustor liner. In the turbine part, the
RA0dansanRiee onperieh (8 s

high-temperature an préssuré compustion gg&%c”%gﬁggd to thereby rotationally drive rotor
blades and g @ipine rotar, and by the rotational driving, the, COMRIESSAR;GRMpEessalrand g power

generator are driven. 25 [0004]FIG. 6 is a view showing a cross section of a conventional transition

piece 260. he ganventionaltransitior pieee20Qas-shavwn indten®, Mps pideuhleshel structure
composed of an inner
2010-284079, filed on December 21, 2010; the entire contentsg of

which are incorporated herein by reference.

FIELD
10 [0002] Embodiments described herein relate generally to a

transitionpiece and a gas turbine provided with the above transition

piece.
BACKGROUND
15 [0003] In a gas turbine power generating plant, air compressed

by driving of a compressor provided coaxially with a turbine part
is led to a combustor liner. A high-temperature and high-pressure
combustion gas generated by the air led to the combustor liner and
fuel being mixed to be burnt is led to the turbine part through a

20 transition piece connected to the combustor liner. In the turbine
part, the high-temperature and high—pressure combustion gas is
expanded to thereby rotationally drive rotor blades and a turbine
rotor, and by the rotational driving, the compressor to compress
air and a power generator are driven.

25 [0004] FIG. 6 is a view showing a cross section of a conventional
transition piece 200. The conventional transition piece 200, as
shown in FIG. 6, has a double-shell structure composed of an inner

duct 201 and an outer duct 202 provided around an outer periphery
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duct 201 and an outer duct 202 provided around an outer periphery of the inner duct 201. One end of
the inner duct 201 is coupled to a combustor liner 230 in a cylindrical shape, and the other end of the
inner duct 201 is coupled to a stator blade 240 at a first stage of a turbine . Thus, the shape of a cross
section, of acombustion 5 gas channel 203 in the inner duct 201, perpendicular to a flowing direction of
a combustion gas changes from a circular shape to a sector of annular shape. The outer duct 202 is
also formeddiftd-hsshapeecodiaspording tcoihe sheperbf tHeeinhenductifot. [0O051Ehe dnnet eliict 201
has the high-temperature combustion gas 10 flow through the inside thereof, and thus is formed of a

Ni-base supetafto§ Ry FaRket HA8% 288IiAg strGattiedhiRa bitbrBEaet 202 MR tFasRi6RBiece of a

typical gas t(%bi e.on org%r 8{1 %%09631 ai%Iu(g%I‘ilt log Amé)cijn emgnéggogri%ggl S ngtthgog which part
of air discharge% rom the compressor is ejected and made o1 iIMpinge onto/on an oute $itface of

the inner dugt 204 88 £ealing ak 205158 farmedies He-LoHE SWIRRS 88 SBRWR-IEIG: 6: [9006] At

a downstream end of the transition piece 200, there is provided a flange-shaped picture frame 206 that
seals obe egddetiverndhecinpef tluthOinaed theoutendycp2ddmpieverd outow a@fithe 2escooling
air 205 to a stator blades 240 side. [0007]The inner duct 201 of the above-described conventional
transition pidé& 2obiigofhed sfaniirasEisaperatioynand i< tovled Iy 1w taslivdalre0s However,
when a base material gcreases in temperature locally while the gas turbine is in operation, damage 25

such as cratkS5RY tRickAREE 16s & to thefmaP&EHuEHHd 68datiSn 38R ERAGTR thakéby
caused in trgegg%gugggg;.s}gg%%@ the g ee%igegl ig@egggcggg%rd%ggpag% ‘has been likely to

occur in the vicinity of the picture frame 206.
[0005] The inner duct 201 has the high-temperature combustion gas

10 flow through the inside thereof, and thus is formed of a Ni-base
superalloy, and further has a cooling structure. In the outer duct
202 in the transition piece of a typical gas turbine on order of
1300°C, a plurality of impingement cooling holes 204 through which
part of air discharged from the compressor is ejected and made to
15 impinge onto/on an outer surface of the inner duct 201 as cooling
air 205 are formed over the entire surface as shown in FIG. 6.
[0006] At a downstream end of the transition piece 200, there is
provided a flange-shaped picture frame 206 that seals one end between
the inner duct 201 and the ocuter duct 202 to prevent outflow of the
20 cooling air 205 to a stator blades 240 side.
[0007] The inner duct 201 of the above-described conventional’
transition piece 200 is formed of a Ni-base superalloy, and is cooled
by the cooling air 205. However, when a base material increases
in temperature locally while the gas turbine is in operation, damage
25 such as cracks and thickness losses due to thermal fatigue and
oxidation respectively is thereby caused in the inner duct 201.
[0008] In the conventional inner duct 201, deformation has been

likely to occur in the vicinity of the picture frame 206. The above
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deformation tends to increase with an increase in operating time of the gas turbine, so that the
deformation is conceivably caused by creep damage. [0009]Anouter surface side of the innerduct 201
receivespressure 5 from the cooling air 205, and an inner surface side of the inner duct 201 receives
pressure from the combustion gas. The pressure from the cooling air 205 is higher than that from the
combustion gas, so that the inner duct 201 receives a load in a direction in which the inner duct 201 is
pressed froethermutsitien Pegtidslatly, 10aheasesw-sebtismalistrapmetthisinmee taict 391 comaected to
the turbine part is not to be a cylindrical shape, so that the inner duct 201 connected to the turbine part

is more like[§to'E G ntEF BiBfstIReBaEN TS e araibiahclifi neP iRt voR BorrRERRFD the

combustor I@ergggeha\gn athe cross-sectional shape being a 15 circular shape. The external pressure

to act on the above mner duct 201 also results in a cause of making the deformation OCCUr easily in

the vicinity of ghg gjcturesflame-206, {0 LY EHbes s 3t dowastraae sige Qf the drnstduct.2Ql, the

flowvelocity of the combustion gas increases, so that a heat transfer 20 coefficient with the combustion
gas inckeaséscthettbeperailinecofthe inner danti28h inecreasesaric cecep defarmation isdikely to
occur. Further, by the combustion gas being increased in temperature and pressure with an increase
in capacity 6¥4fie g&5-tiBRRL HRE eRffETalFeleietinferaubtB0 1 frtaesincrBaseBr v thee 25
difference inf[groegs%e betwe?en a cqoling air side and a combustion gas side of the inner duct 201

tends to incfeads. TRUsTHve ¢BHdRbh that ntakes e Erdep e bkt A Focr e SR Reliffer duct
201 s made, SRISE DESCRIETION OF JHE DRAWINGEIONLIN fLisavigwsheiing a siuclure

of a gas turbine provided  with a transition piece in a first embodiment according to the présent 5
invention, withiacpattial crossrsectien: Q0121516348 & viem showingsa 8E0SS seetigaualdbe yransition

10 the cross-sectional shape of the inner duct 201 connected to the
turbine part is not to be a cylindrical shape, so that the inner
duct 201 connected to the turbine part is more likely to be deformed
against the external pressure than the inner duct 201 connected to
the combustor liner 230 having the cross-sectional shape being a

15 circular shape. The external pressure to act on the above inner
duct 201 also results in a cause of making the deformation occur
easily in the vicinity of the picture frame 206.
[0010] Further, at a downstream side of the inner duct 201, the
flowvelocity of the combustiongas increases, sothat a heat transfer

20 coefficient with the combustion gas increases, the temperature of
the inner duct 201 increases, and creep deformation is likely to
occur. Further, by the combustiongasbeing increased intemperature
and pressure with an increase in capacity of the gas turbine, the
temperature of the inner duct 201 further increases, and the

25 difference in pressure between a cooling air side and a combustion
gassideoftheinnerductzoltendstoincrease. Thus, the condition
that makes the creep deformation occur easily in the inner duct 201

is made.



piece in the first embodiment according to the present invention, along a flowing direction of a
combustion gas. [0013]FIG. 3 is a view showing a change in static pressure, of 10 a cooling air
channel, in a flowing direction of cooling air in the transition piece in the first embodiment. [0014]FIG. 4
is a side view of a transition piece in a second embodiment according to the present invention, which
is shown in a state where part of an outer duct of the transition piece is removed 15 in order to explain
channel guides. [0015]FIG. 5 is a view showing a cross section taken along A-A line in FIG. 4 where
the transition piece in the second embodiment according to the present invention is shown. [0016]FIG.

6 is a view SEIWIgPEEFFSFIEHbrP5t ABnBASHE™20 transition piece. DETAILED DESCRIPTION
[0017]In on dim a transition piece leads a combustion gas generated. by burning air to which
escure 1 B e IS & SoPb St & e R BUS e tion o

is provided yithran innerduct dhat is connected o aniulet sida-end-Beriotof dhe,eqmmhusige liner and

through which the combustion gas from the combustor liner is led to the turbine, and
5 invention, with a partial cross section.

[0012] FIG. 2 is a view showing a cross section, of the transition

piece in the first embodiment according to the present invention,

along a flowing direction of a combustion gas.

[0013] FIG. 3 is a view showing a change in static pressure, of
10 a cooling air channel, in a flowing direction of cooling air in the

transition piece in the first embodiment.

[0014) FIG. 4 is a side view of a transition piece in a second

embodiment according to the present invention, which is shown in

a state where part of an outer duct of the transition piece is removed
15 in order to explain channel guides.

[0015] FIG. 5 is a view showing a cross section taken along A-A

line in FIG. 4 where the transition piece in the second embodiment

according to the present invention is shown.

{o0016] FIG. 6 is a view showing a cross section of a conventional

20 transition piece.

DETAILED DESCRIPTION

[0017] In one embodiment, a transition piece leads a combustion

gas generated by burning air to which pressure is applied in a
25 compressor and fuel ina combustor toaturbine. The above transition

piece is provided with an inner duct that is connected to an outlet

side end portion of the combustor liner and through which the

combustion gas from the combustor liner is led to the turbine, and
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an outer duct that is provided so as to cover an outer periphery of the inner duct with an interval space
therebetween and has a plurality of ejection holes through which part of air from the compressor is
ejected onto an outer peripheral surface at an outlet 5 side of the inner duct fotmed therein.
[0018]Then, it is structured such that a channel cross-sectional area of a cooling air channel that is
foLmed between the inner duct and the outer duct and through which the air ejected from the ejection

holes flows gfadualiy-daaeases=at arsaliftaw dedvnsiream side-eatber 40 thabdheportighwhere the
ejection holes are formed, and gradually increases from a throat portion having the minimized channel
cross-sectioral Hrea inagraifdfion dowhstearrsidevioD 19jHeitdtaskativsdimend ohte present
invention will_be explained with reference to the drawin%s. 15 (First Embodiment) E)OZO]FIG. lisa

[

view showif H<uctire?dt & 488 tamMin8 USRI RRERitW AL BnEifSH pdc& B if BPstbbodiment

according tg the present inyention, with a partial cross section, [0021]As shown in EIG, 1., the gas
e DL R XN UL A RO SHERS e BnCRAT A IND Bl ot

combustor lingil 20rinwhichais 1o which pressitie ds,.applied in the compressor 110 and fuel are mixed
to be burnt. Further, the gas turbine 100 is provided with the transition piece 10 through which a
combustion [geElgdnera@ckin, the dendnsior lnerd1 204da ked4o a withimesjartross-sectional
area of a cooling air channel that is formed between the inner duct
and the outer duct and through which the air ejected fromthe ejection
holes flows gradually decreases at an air flow downstream side rather
10 than the portion where the ejection holes are formed, and gradually
increases from a throat portion having the minimized channel
cross-sectional area to an air flow downstream side.
[0019] Hereinafter, embodiments of the present invention will be
explained with reference to the drawings.
15 (First Embodiment)
[0020] FIG. 1 is a view showihg a structure of a gas turbine 100
provided with a transition piece 10 in a first embodiment according
to the present invention, with a partial cross section.
f0021] As shown in FIG. 1, the gas turbine 100 is provided with
20 acompressor 110 inwhichtheocutsideair is compressed and a combustor
liner 120 in which air to which pressure is applied in the compressor
110 and fuel are mixed to be burnt. Further, the gas turbine 100
is provided with the transition piece 10 through which a combustion
gas generated in the combustor liner 120 is led to a turbine part
25 130 and the turbine part 130 that is rotationally driven by the
combustion gas introduced by the transition piece 10.
[0022] The compressor 110 is provided with, in a compressor casing

111, acompressor rotor 113 having rotor blades 112 implanted thereon.
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25 130 and the turbine part 130 that is rotationally driven by the combustion gas introduced by the
transition piece 10. [0022]The compressor 110 is provided with, in a compressor casing 111, a
compressor rotor 113 having rotor blades 112 implanted thereon. Aplurality of the rotor blades 112
are implanted in a circumferential direction to form a rotor blade cascade with a plurality of stages in
an axial direction. Further, a plurality of stator blades 114 are disposed on an inner periphery of the
compressoqabinlit yoos formrstatdribldde ddscade . ifEmithedtaton bladerdsoasietaind the rotor
blade cascade are formed alternately in the axial direction. When the rotor blades 112 rotate, the

outside air i€ R8Iy ol rESEBYRoNRE Rd M IR GES filBine tH02 (8823 hetdombutararier 120 is

formed of a can-type combustor, 10 for example, and apluralit o{tthe ombuystor liners 120 are equally
provided ardind e DGy 5 TS o Bss 81 IR SR e o bR PRS0t a0

which pressyirg ig appigddndhe-compresspeand the juglare ixed o dedurmtand thereby the

combustion gas is generated. 15 [0024]The transition piece 10, which will be described in detalil later,
is connected demmneoutteitside iehddeortianeidbe canbustortises 120qand thmughatheatiansitian piece
10, the combustion gas from the combustor liner 120 is led to the turbine part 130 while the flow of
combustion'gisis bdjubladiode02satahipimepart Usors prdvidedwiiadaalidibiac tasimg 131, a
turbine rotor 133 having rotor blades 132 implanted thereon. A plurality of the rotor blades 132 are

implanted i HE GRUATERNBAPERSON T8 16T a TBRPBRHEAERERAS WAEBN I BESERREs in the
axial directin, %dlért}i 4 o&%%irg}% %Beggg%r Qf tggotgrbine casing 131, a plurality of stator blades
to la

134 are dispose orm a stator e cascade. Then, the stator blade cascade and the rotor blade
cascade arerfyped altefpatebrimibesiiat disection. ikhe serpekustion gas intieduesiniadhe,

10 for example, and a plurality of the combustor liners 120 are equally
provided around the periphery of the compressor 110. In each of
the combustor liners 120, the air to which pressure is applied in
the compressor and the fuel are mixed to be burnt, and thereby the
combustion gas is generated.

15 [0024] The transition piece 10, which will be described in detail
later, is connected to an ocutlet side end portion of the combustor
liner 120, and through the transition piece 10, the combustion gas
from the combustor limer 120 1s led to the turbine part 130 while
the flow of combustion gas is adjusted.

20 [0025] The turbine part 130 is provided with, in a turbine casing
131, a turbine rotor 133 having rotor blades 132 implanted thereon.
A plurality of the rotor blades 132 are implanted in the
circumferential direction to form a rotor blade cascade with a
plurality of stages in the axial direction. Further, on an inner

25 periphery of the turbine casing 131, a plurality of stator blades
134 are disposed to form a stator blade cascade. Then, the stator
blade cascade and the rotor blade cascade are formed alternately

in the axial direction. The combustion gas introduced into the
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turbine part 130 is ejected onto the rotor blades 132 via the stator blades 134, and thereby the rotor
blades 132 and the turbine rotor 133 rotate. Then, in a power generator (not-shown) coupled to the
turbine rotor 133, rotational energy is converted into electric 5 energy. [0026]Next, the transition piece
10 in the first embodiment according to the present invention will be explained. [0027]FIG. 2 is a view
showing a cross section, of the transition  piece 10 in the first embodiment according to the present
invention, 10 &fdrigia flewing iractiern of tresl contisus iemupiso 00281k shvwvmia Kl Ztthedransition
piece 10 is fanned into a double-shell structure provided with an inner duct 20 through which the
combustion GeRIFS it cBRbUREF ke £36 iELtppiiebiadeR ftiid itk Wadind PRI E3G @Ha%n outer
duct 30 pI‘O\ﬁiq d.so as o 15Fﬁover an oute&peripréerg of the ir&nerthu% 20 \ﬁ/l'%h an intgr}(i%l ace

therebetween. Oﬁ%ﬂn the outer duct ?Op a p?tfra? |tI§ 0 aei]'%gti nholes 31t roﬁ)&ﬁ) which par of air

from the corpprasser 110iseiested Qnipam eHter Refipheral surfagehanquilgksideRf dhe-inner duct
20 are formed. 20 The shape of each of the ejection holes 31 is preferably a circular shape having the

smallest hydrasligdiameter in order to suppress a pressure loss. Further, the diameter of each of the

ejection holes 31 is preferably as large as possible. Note that part of the air from the compressor 110,
which is desEfiBéflabovieTinctions dgansition piece 10 in the first embodiment

according to the present invention will be explained.
fo0271] FIG. 2 is a view showing a cross section, of the transition
piece 10 in the first embodiment according to the present invention,
10 along a flowing direction of the combustion gas.
[0028] As shown in FIG. 2, the transition piece 10 is formed into
adouble-shell structure provided with an inner'duct 20 through which
the combustion gas from the combustor liner 120 is supplied to be
led to the turbine part 130 and an outer duct 30 provided so as to
15 cover an outer periphery of the inner duct 20 with an interval space
therebetween.
[0029] Intheouterduct 30, apluralityof ejectionholes 31 through
which part of air from the compressor 110 is ejected onto an outer
peripheral surface at an outlet side of the inner duct 20 are formed.
20 The shape of each of the ejection holes 31 is preferably a circular
shape having the smallest hydraulic diameter in order to suppress
a pressure loss. FPurther, the diameter of each of the ejection holes
31 is preferably as large as possible. Note that part of the air
from the compressor 110, which is described above, functions as
25 cooling air CA.
[0030] An upstream side end portion of the inner duct 20 (a left
end portion of the inner duct 20 in FIG. 2) is opened into a circular

shape. Into the opened end portion, an outlet gide end portion of
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25 cooling air CA. [0030]An upstream side end portion of the inner duct 20 (a left end portion of the
inner duct 20 in FIG, 2) is opened into a circular shape. Into the opened end portion, an outlet side end
portion of 7 the cylindrical combustor liner 120 (a right end portion of the combustor liner 120 in FIG.
2) fits. On the other hand, a downstream side end portion of the inner duct 20 (a right end portion of
the inner duct 20 in FIG. 2) is opened into a rectangular shape or a 5 sector of annular shape. In this
manner, the-sleapy bf thier tresis seotlnms odthd imear diict 20a peiggridiesddr teothe lowimf ditection of
the combustion gas changes from a circular shape to a sector of annular shape. [0031]The outer duct

30 also hasPSRE5E briessdndaty 18 thECL0Bhape of tHeMinHe? at&exohand af desRedHi < end

portion of the, quter duct 30 (a left end_ portion of the outer dyct 30 in FIG. 2) is opened into a circular
R B T R R 1%

shape, and Adswn ?nrgla%neﬁ porﬁoﬁ%l?efﬁe Stfeér Sctéoliégﬁ%j tehd Bgﬁlonogft §tR8r duct 30

i FIC. 2) isoperiediinio aediangylar shane.0ica seelpr ohe0nularcl shapeaEudhisp dhe pogtream

side end portion of the outer duct 30 (the left end portion of the outer duct'30 in FIG. 2) fits into an
outlet side enstpertionrobanylinaricalagembustoruiter aylinger 12 dghbend pottien ei-thes
combustor outer cylinder 121 in FIG. 2) that is provided so as to cover an outer periphery of the
combustor 2@{itidor2@Withan intervdhspase thratpenddan (0032 Athe ddwndtaaii stetetdima portion
between the inner duct 20 and the outer duct 30 of the transition_piece 10 (a right end portion between

the inner duef 2BMndRE Gt LBUSRSOTRENES D) HhEr& IS prsHded #idke Shdb&F piclfreframe 40

that seals OQfnular shape.

[0031] The outer duct 30 also has a shape corresgponding to the
10 shape of the inner duct 20, and an upstream side end portion of the
outer duct 30 (a left end portion of the outer duct 30 in FIG. 2)
is opened into a circular shape, and a downstream side end portion
of the outer duct 30 (a right end portion of the outer duct 30 in
FIG. 2) is opened into a rectangular shape or a sector of annular
15 shape. Further, the upstream side end portion of the outer duct
30 (the left end portion of the outer duct 30 in FIG. 2) fits into
an outlet side end portion of a cylindrical combustor outer cylinder
121 (a right end portion of the combustor outer cylinder 121 in FIG.
2} that is provided so as to cover an outer periphery of the combustor
20 liner 120 with an interval space therebetween.
[0032] At a downstream side end portion between the inner duct
20 and the outer duct 30 of the transition piece 10 {(a right end
portion between the inner duct 20 and the outer duct 30 in FIG. 2},
there is provided a flange-shaped picture frame 40 that seals one
25 endbetween the inner duct 20 and the outer duct 30 to prevent outflow
of the cooling air CA to a turbine part 130 side. In the outer duct
30 in the vicinity of the above picture frame 40, a plurality of

the above-described ejection holes 31 are formed.
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25 end between the inner duct 20 and the outer duct 30 to prevent outflow of the cooling air CA to a
turbine part 130 side. In the outer duct 30 in the vicinity of the above picture frame 40, a plurality of the
above-described ejection holes 31 are formed. [0033]Next, there will be explained a cooling air
channel 50 that is formed between the inner duct 20 and the outer duct 30 and through which the
cooling air CA flows. [0034]A channel cross-sectional area of the cooling air channel 5 50 gradually
decreases &t®p8a8dling Hiefiowdmyrsiredinisdexpilkerbdnmaccodlingyairiinlehaone b & wheretthe
ejection holes 31 are foimed. Then, the cooling air channel 50 has a throat portion 60 having the

minimized charfrareegesaarmahs ddrre drahrd arddhe e sieato? handsimgasthannel

50 graduallmpc(r:%a%?xse 18 J[ﬁq‘ the ai”‘b:.pv&xth# at “portion 60 to an air flow downstream side. [0035]
Note that th& thannel cross-sactonal area of the %OOIing air channel 50 is an area of the channel cross

section perpengigylar t,a fawing direstion of the sqaling Air.CAr EyBhes,A ggion from the channel

cross-section at a cooling air flow downstream side 15 rather than the cooling @air inlet zone 51 to the
channed cross-spei@mawhicidre-chansek erassseriingal area fwhesentingain channal H0Hs r
equalized to that of the cooling air channel 50 in the cooling air inlet zone 51, is set to a cooling air
high-velocitf2ened Zg0ldgignadta sodkty airfiovw Howssthearrsids ethépthdrrirsaBdven26 cooling
air high-velocity zone 52 is set to a pressure recovery zone 53. [0036]Here, the total area obtained by

adding areaSUTRE abdPERestRBedIRLpEEL G BjctRTRdies SRS rERHING FaRyer e tid channel
o o0 0 I SN B4 Ul £ s ygel ey 20,9 B oo
cross-sectional areaof thecoolingair channel 50gradually increases
10 from the above throat portion 60 to an air £low downstream side.
[0035] Note that the channel cross-sectional area of the cooling
alr channel 50 is an area of the channel cross section perpendicular
to a flowing direction of the cooling air CA. Further, a region
from the channel cross-section at a cooling air flow downstream side
15 rather thanthe coolingair inlet zone 51 to the channel crogss-section
which the channel cross-sectional area of the cooling air channel
50 is equalized to that of the cooling air channel 50 in the cooling
air inlet zone 51, is set to a cooling air high-velocity zone 52.
A region at a cooling air flow downstream side rather than the above
20 cooling air high-velocity zone 52 is set to a pressure recovery zone
53.
[0036] Here, the total area obtained by adding areas of the
above-described respective ejection holes 31 is preferably larger
than the channel cross-sectional area of the cooling air channel
25 at the throat portion 60, and the passing velocity of the cooling
air is required to be decreased in order to suppress a pressure loss
of the cooling air as much as possible. Further, in order to obtain

an effect of cooling equal to conventional impingement cooling, the
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of the cooling air as much as possible. Further, in order to obtain an effect of cooling equal to
conventional impingement cooling, the 9 channel cross-sectional area at the throat portion 60 is
preferably set such that the flow velocity of the cooling air CA at the throat portion 60 becomes 70 m/s
or more. [0037]Incidentally, in terms of maintaining an ef fect of adjusting 5 the flow of combustion gas
flowing through the inner duct 20, the cooling air channel 50 in such a structure is preferably formed in

a manner thahtemshapessheuttebauat 30ds charaedwithout shanging Be shaneeldbginger duct

20. Thus, by getting (approximating) the outer duct 30 close to an inner duct 20 side (an inner side) ,
10 the intervae{thmudistahed) bbtwvebovheeduter ducd 8Cchrdthe irimer dilet 2B istshdrtened-tsadecrease
the channel cross-sectional area. [0038] A plurality of the transition pieces 10 each having the
structure asRBBYeéAte & RAGBIRTIdEY ArotnatnBYetiphery of the compressor 110 as described

above. Thus let sides of the 15 transition pieces 10 that are rectangular shaped aqr,sectaor shaped
and adjacen{%Hégi 'SLHClgentag)iaLé’dnjtgc‘ﬁvi eoa%c a&tﬁ&ﬁ%ﬁ%%ﬁe% STENAAS dtStion gas

h othercomie in

channebs fared 52 wholenfUadded Luagiansof g comustion gasdlowing hipuof fae inner

duct 20 and the cooling air CA flowing through the cooling 20 ait channel 50 will be explained.
[0040]The diaseatenof each-ahiheeejextiomheles 3 istpraferably maderasdargpias possible as
describe above. Thus, the flow velocity of the cooling air CA passing through the ejection holes 31
becomes sniah@ntkzn the tefdttishartoeiy: recosventvied ivphsgdmogegsviddimghdiesidowever,
the diameter of each of the ejection holes 31 is larger than that of each of the conventional

impingemgn?é&oﬁﬁ@%ﬁlé’é hePIFEHEEad? betWBBR thR%j8EHS RBIcCBPLPE HRRIsHRSY to
facia the ejegljl%n gﬂ%srs&lfé?:s%lg’ gﬂgégeE%b%g f!f)nv}/l@r duct 20 side (an inner side),

10 the interval {(the distance) between the outer duct 30 and the inner
duct 20 is shortened to decrease the channel cross-sectional area.
[0038] A plurality of the transition pieces 10 each having the
structure as above are equally provided around the periphery of the
compressor 110 as described above. Thus, outlet sides of the

15 transition pieces 10 that are rectangular shaped or sector shaped
and adjacent to each other come into contact with each other, and
thereby an annular combustion gas channel is formed as a whole.
[0039] Next, functions of the combustion gas flowing through the
inner duct 20 and the cooling air CA flowing through the cooling

20 air channel 50 will be explained.

[0040] The diameter of each of the ejection holes 31 is preferably
made as large as possible as describe above. Thus, the flowvelocity
of the cooling air CA passing through the ejection holes 31 becomes
smaller than the ejection velocity in conventional impingement

25 cooling holes. However, the diameter of each of the ejection holes
31is larger than that of each of the conventional impingement cooling
holes. Further, pitches each between the ejection holes 31 are

decreased to form the ejection holes 31 closely, and thereby a flow
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amount of the cooling air CA passing through the ejection holes 31 can be increased. Thus, in the
cooling air inlet zone 51, the effect of impingement cooling is exhibited, and the suf f ic lent cooling e f
fect is obtained. 5 [0041]In the cooling air high-velocity zone 52, due to a decrease in channel
cross-sectional area of the inner duct 20, the flowvelocity of the combustion gas flowing through the
inner duct 20 increases. Thus, a heat transfer coefficient between the inner duct 20 and the

combustion gaspereases.anadheibithe tempsrating of the inper1Q it 20sis ikebatadnsrease.

However, the channel cross-sectional area of the cooling air channel 50 in the cooling air high-velocity
zone 52 is sraalleethan tkatsetthe Thakngiairdhamaee 150 dHa- dodlisg adrisletizonkeb & gF Ee:like, so
that the velocity of the cooling air CA increases. Thus, a heat transfer coefficient between 15 the inner
duct 20 andahé BBSHIG B CAMErEages el ihbtasy tiediie Bkt Poic iseoedbra shffierntly.
[0042]Further, in the ¢ooling air high-velocity zone 52, when the velocity of the cooling air CA
increases, a-dyTathit Bresure of fluid thereby increases , but its stat ic pressure decreases . Thus, 20

a load that is appjied to ﬂeéﬂaeér%ﬁvxgg L@%“h%ﬁ@gm,%%%ﬂé@ﬂd&fg @ocgfa%%sgggs%as

channel 65 side decreases. In ot ds, the ditferential pressure between pressure of the cooling

air channel %4 sigleraid pressyre ot the.sambvsionrgaschanael-sigde Vimthelnrerdust 28,£an be
decreased. 25 [0043]In the pressure recovery zone 53, the velocity of the cooling air CA gradually

decreases, afidtthereioythesiynansie prEssuriengf thercogling b Chngecrbaseandnitsrstatiepressure
increases. In the above pressure recovery zone 53, the flow velocity of the combustion gas flowing

through the TR} ddch 6 s SrABF A8 L SmBafdFiHatiRtWe RBHAG ARMighiscry ZnE sDeand the

heat transfer, coeficient befween the Inner duct 20 and e ¢ombstion as jslse Al As,cqmpared
to that in the cooling alr%laﬁ-véfcl)cﬁy Zone 55

10 duct20is likelytoincrease. However, the channel cross-sectional
area of the cooling air channel 50 in the cooling air high-velocity
zone 52 is smaller than that of the cooling air channel 50 in the
cooling air inlet zone 51 or the like, so that the velocity of the
cooling air CA increases. Thus, aheat transfer coefficient between

15 the inner duct 20 and the cooling air CA increases, and thereby the
inner duct 20 can be cooled sufficiently.

[0042] Further, in the cooling air high-velocity zone 52, when
the velocity of the cooling air CA increases, a dynamic pressure
of fluid therebyincreases, but its staticpressure decreases. Thus,

20 aload that is applied to the inner duct 20 froma cooling air channel
50 side to a combustion gas channel 65 side decreases. In other
words, the differential pressure between pressure of the cooling
air channel 50 side and pressure of the combustion gas channel 65
side wvia the inner duct 20 can be decreased.

25 [0043] Inthepressure recovery zone 53, thevelocityof the cooling
air CA gradually decreases, and thereby the dynamic pressure of the
cooling air CA decreases and its static pressure increases. In the

above pressure recovery zone 53, the flow velocity of the combustion
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5 Thus, even though the velocity of the cooling air CA decreases, the inner duct 20 can be sufficiently
cooled. [0044]The cooling air CA that has passed through the cooling air channel 50 in the pressure
recovery zone 53 flows into a cooling air channel formed between the combustor liner 120 and the
combustor 10 outer cylinder 121. On this occasion, in the pressure recovery zone 53, the velocity of
the cooling air CA is decreased to decrease the dynamic pressure of the cooling air CA. Thus, a

dynamic pregsyre Joss aauses when the cooling il GA llewsdniadhe cooling.aiscbanpel farmed
between the combustor liner 120 and the combustor outer 15 cylinder 121 can be suppressed.
[0045]Here, G IBiscawikimghewindghaghangkdn staticpresstre, eitfietdosling=air elrannet 50, in the
flowing direction of the cooling air CA in the transition piece 10 in the first embodiment. Note that for
comparisonteehbhEeshstaEpesstiRe srach Y aH2endh diceranufdwipy grédtisnrdicooling
air in a conventional transition piece 200 shown jn FIG. 6,is alsq shown in F|G. 3. [0046]As shown in
FIG. 3, in thgr%%% |nagsalcr%nfgﬁ}§/‘%??)%ffyt36an% 59 YR ﬁﬁ@?@rﬁ%l%}&%@%ﬁ&é’&ﬁg’e BrE& G of the

cooling ir cpgngel sids, andherprassurefthe camhustion 9as ghannel sidg 25 viadhe inper duct can
be decreased in the transition piece 10 in this embodiment rather than in the conventiondl transition
piece 200. inner duct 20 can be sufficiently cooled.
[0044] The cooling air CA that has passed through the cooling air
channel 50 in the pressure recovery zone 53 flows into a cooling
air channel formed between the combustor liner 120 and the combusgtor
10 outer cylinder 121. On this occasion, in the pressure recovery zone
53, the velocity of the cooling air CA is decreased to decrease the
dynamic pressure of the cooling air CA. Thus, a dynamic pressure
loss caused when the cooling air CA flows into the cooling air channel
formed between the combustor liner 120 and the combustor outer
15 cylinder 121 can be suppressed.
[G045] Here, FIG. 3 is a view showing a change in static pressure,
of the cooling air channel 50, in the flowing direction of the cooling
alr CA in the transition piece 10 in the first embodiment. Note
that for comparison, a change in static pressure, of a cooling air
20 channel, in a flowing direction of cooling air in a conventional
transition piece 200 shown in FIG. 6 is also shown in FIG. 3.
[0046] As shown in FIG. 3, in the cooling air high-velocity zone
52, the differential pressure between the pressure of the cooling
air channel side and the pressure of the combustion gas channel side
25 wvia the inner duct can be decreased in the transition piece 10 in
this embodiment rather than in the conventional transition piece

200.

{0047] According to the transition piece 10 in the first
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[0047]According to the transition piece 10 in the first embodiment, by the cooling air high-velocity
zone 52 in which the flow velocity of the cooling air CA is increased being provided in the cooling air
channel 50, the heat transfer coefficient between the inner duct 20 and the cooling air CA increases,
and the inner 5 duct 20 can be cooled sufficiently. [0048]Further, the differential pressure between the
pressure of the cooling air channel 50 side and the pressure of the combustion gas channel 65 side
via the inneeslbotiz«an, be dacneased1 Thus aa 10ad 4o ackiNcr dirgcieRdogyess Hgiamerduct 20
from the 10 outside can be decreased, and deformation of the inner duct 20 can be suppressed.
(Second EnfBeiivedyp {0049 b uctarbicion adansifon piecetednerisbednd embudidwmtiexcept
that channel guides 70 are provided in a cooling air channel 15 50 is the same as that of the transition

piece 10 in G MBEdineEnthaaRe the Ui TG RTctirPRAESE SRRfihedIRRNIPSIIIsONFIG. 4 is
a side view gf the transition piege 11 in the secon r%m%‘l’%]fr%im acgarding.to éh%pé%sée”it invention,
' uct 30 of t i

. . 111 T
which is shown in a state where part of an outer e fransition plécea i Temoved in order
to explain the.ehannelgides 70-Mote thatdn:f G 1he vicinity of stator blades 134 is shown in a
cross-sectional view for convenience. FIG. 5 is a view showing a cross section taken along A-A line in
FIG. 4 wheréabégiansition-piece, 1 L lire thid S€eard ehaiodimentace ordingderthehprgseatigyeation 25
is shown. Incidentally, parts that are the same as those of the structure of the transition piece 10 in the

first embodiftfeRR&re ety theaangd rfeferd fceaiithnens $ merRFYVE Iap pee s@imERiohthereof
will be omlttggsorcggl r{glfdés side via the inner duct 20 can be decreased. Thus,
a load to act in a direction to press the inner duct 20 from the
10 outside can be decreased, and deformation of the inner duct 20 can
be suppressed.
(Second Embodiment)
[0049] The structureof atransitionpiecell ina second embodiment
except that channel guides 70 are provided in a cooling air channel
15 50 is the same as that of the transition piece 10 in the first
embodiment. Here, thedifferent structurewill be explainedmainly.
{00501 FIG. 4 is a side view of the transition piece 11 in the
second embodiment according to the present invention, which is shown
in a state where part of an outer duct 30 of the transition piece
20 1is removed in order to explain the channel gquides 70. Note that
in FIG. 4, the vicinity of stator blades 134 is shown in a
cross-sectional view for convenience. FIG. 5 is a view showing a
cross section taken along A-A line in FIG. 4 where the transition
piece 11 in the second embodiment according to the present invention
25 is shown. Incidentally, parts that are the same as those of the
structure of the transition piece 10 in the first embodiment are
denoted by the same reference numerals, and overlapped explanation

thereof will be omitted or simplified.
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[0051]As shown in FIG . 4, in the cooling air channel 50, a plurality of the channel guides 70 provided
in a flowing direction of cooling air CA are provided in a circumferential direction at predeteimined
intervals. Further, the channel guides 70 are disposed so as to 5 divide the cooling air channel 50 into
a plurality of sections in the circumferential direction. The channel guides 70 are pref erably provided
at least in a cooling air high-velocity zone 52. [0052] The channel guides 70 are each formed of a

plate membep.oand are gachfarmed inta ashape seresnonding to dhgshape of he1kdcooling air

channel 50 in the flowing direction of the cooling air CA. The channel guides 70 are preferably
provided socds theorheimeicgutade withh grrovtedsdirface of hovinngr dilos 20iamd @ih inmel sugface of
the outer duct 30. For example, it is possible to integrally form the channel guides 70 on the outer

surface of tie- I5-ThAgEREPTH P dnkrirh i SEHARES BrINd Bl aira Feious BireRetiosmiretonal

shape of thei 1tlrgmsit' three-dimensio changes fr%nacirc lar shape at an upstream

iece 1 nall
side end portlonez:f;lV éjf]fggkc?%%rr %ﬁ’lfn W) %nr%tctgﬁldu%grs shapé-:‘ OF a“sedisr éjf?aﬁﬁ}ulﬁf’sﬁgpe ata
downsteeamysigeend portiop 20:(2 Hght end porior in £1G,4) - Thys, ihe ghapnel crass:sectional

shape of the cooling air channel 50 also three-dimensionally changes similarly. Thus, the cooling air

CA that flowsribraligtutheeeesiingaaicdhannal &9. defiestsiawarsh the tisymieseatiat direetion and thus
does not flow unifoimly on the channel cross section. 25 [0054] Thus, as is the transition piece 11 in

the second EXBIGHRERNE thyl #iesthamhel geidds 79 eimg bictides rethd goskmeakThannel 50, the
deflection of the flow toward the circumferential direction is supgressed and thereby the uniformized
flow of the Cg%ﬂﬁfj]alr The channel guides 70 are each tormed of a plate member,
and are each formed into a shape corresponding to the shape of the
10 cooling air channel 50 in the flowing direction of the cooling air
CA. The channel guides 70 are preferably provided so as to come
into contact with an outer surface of an inner duct 20 and an inner
surface of the outer duct 30. For example, it is possible to
integrally form the channel guides 70 on the outer surface of the
15 inner duct 20 or the inner surface of the outer duct 30.
[0053] The cross-sectional shape of the transition piece 11
three-dimensionally changes from a circular shape at an upstream
side end portion (a left end portion in FIG. 4) to a rectangular
shape or a sector of annular shape at a downstream side end portion
20 (a right end portion in FIG. 4). Thus, the channel cross-sectional
shape of the cooling air channel 50 also three-dimensionally changes
similarly. Thus, the cooling air CA that flows through the cooling
air channel 50 deflects toward the circumferential direction and
thus does not flow uniformly on the channel cross section.
25 [0054] Thus, asisthetransitionpiece 11 inthe second embodiment,
by the channel guides 70 being provided in the cooling air channel

50, the deflection of the flow toward the circumferential direction

is suppressed and thereby the uniformized flow of the cooling air
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CA on the channel cross section can be achieved. This makes it possible tounifoituly cool the inner
duct 20 over the circumferential direction. [0055]According to the above-explained embodiments, it is 5
possible to suppress deformation of a component member, and it becomes possible to improve the
cooling effect by the cooling air. [0056] While certain embodiments have been described, these
embodiments have been presented by way of example only, and are not intended to limit the scope of
the inventiops; indeeds the, agueh 10 ebhodimants described herain [ay be emhodied in.a yariety of
other forms; furthermore, various omissions, substitutions and changes in the foLm of the
embodimengedeseriketthereinanay pe saadenwiiheld denanting bomthespiitefthe-ipxertions. The
accompanying claims and their equivalents are intended to cover such forms or 15 modifications as
would fall wilh¥eieisgbpe and spirit of the inventions. WHAT IS CLAIMED IS: 1. A transition
piece configured to lead a combustion gas generated by burning air to which pressure is applied in a

compresgor@gﬁa}fuel iﬁ%(?&%b%%t.o‘?cﬁn'é}?‘fo %Yﬁihmﬁﬁgtiﬁﬁ%?@d@%ﬁﬁmsﬂg S aninner
e > pauudied [0 angullslade anapotion of e Sopbsip il anodhionoh abisn b

. Comes
combustion‘gas from the combustor liner is led to an ou that'is provided so

as to cover gaguiten petiphenRidhe inngr duchwith atriptervalspacetherghetiypes and has a plurality
of ejection holes through which part of air from the compressor is ejected onto an outer peripheral

surface at ahtfkl sidevbfithe inaetdict fenmedt thenein, howhereina deannalierdss-teactianal area of
a cooling air channel that is formed between the inner duct and the outer duct and through which the
air ejected fRFRIAEEGBERO R MO S FON LY RERIHIEUBYr@ase £ it axediPH6vPEbWntRshRzsdeTather

than the porfigp where e figeion holes are forped, and gradually Increases P ™ e novel
10 embodiments described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and changes
in the form of the embodiments described herein may be made without
departing fromthe spirit of the inventions. Theaccompanying claims

and their equivalents are intended to cover such forms or

15 meodifications as would fall within the scope and spirit of the

inventions.
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20 a throat portion having the minimized channel cross-sectional area to an air flow downstream side.
2. The transition piece according to claim 1, wherein the total area obtained by adding areas of
the respective ejection holes is larger than the channel cross-sectional 25 area of the cooling air
channel at the throat portion. 3. The transition piece according to claim 1, further comprising a
plurality of channel guides, which are provided in an air flowing direction, provided in at least one
region of themgeeling 161 airelanniel.in a circumferential direction. 4. The transition piece
according to claim 2, further comprising a plurality of channel guides, which are provided in an air
flowing direction, provided in at least one region of the cooling 5 air channel in a circumferential
direction. 5. The transition piece according to claim 3, wherein the channel guides are
integrally formed on the irherItE bF 08 RAEFBUEETE 1 TW ethE rdimsifort (ICBEREESRINGES claim 4,

owherein the charinel quides ate ntearally fanted on the loner ductgrhg outerduct,

5 and fuel in a combustor liner to a turbine, the transition piece
comprisging:
an inner duct that is connected to an outlet side end portion
of the combustor liner and through which the combustion gas from
the combustor liner is led to the turbine: and

10 an outer duct that isprovided so as to cover an outer periphery
of the inner duct with an interval space therebetween and has a
plurality of ejection holes through which part of air from the
compressor is ejected onto an outer peripheral surface at an outlet
side of the inner duct formed therein,

15 whereinachannel cross-sectional areaof acoolingair channel
that is formed between the inner duct and the outer duct and through
which the air ejected from the ejection holes flows gradually
decreases at an air flow downstream side rather than the portion
where the ejection holes are formed, and gradually increases from

20 a throat portion having the minimized channel cross-sectional area
to an air flow downstream side.

2. The transition piece according to claim 1,
wherein the total area obtained by adding areas of the
respectiveejectionholes is larger than the channel cross-sectional

25 area of the cooling air channel at the throat portion.

3. The transition piece according to claim 1, further
comprising a plurality of channel guides, which are provided in an

air flowing direction, provided in at least one region of the cooling
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7. Agas turbine provided with the transitionpiece according to claim 1.
provided with the transitionpiece according 15 to claim 2.

8. A gas turbine

transitionpiece according to claim 3. 10. A gas turbine provided with the transition piece
according to claim 4. 2011. A gas turbine provided with the transition piece according to claim 5.
12. A gas turbine provided with the transition piece according to claim 6. 25

10

15

20

25

air channel in a circumferential direction.

4. The transition piece according to claim 2, further
comprising a plurality of channel quides, which are provided in an
air flowing direction, provided in at least one region of the cooling
alir channel in a circumferential direction.

5. The transition piece according to claim 3,

wherein the channel quides are integralliy formed on the inner
duct or the outer duct.

6. The transition piece according to claim 4,

wherein the channel guides are integrally formed on the inner
duct or the outer duct.

7. Agasturbineprovidedwiththetransitionpieceaccording

to claim 1.

8. Agasturbineprovidedwiththetransitionpieceaccording

to claim 2.

9. Agasturbineprovidedwiththetransitionpieceaccording

to claim 3.

10. A gas turbine provided with the transition piece
according to claim 4.
11. A gas turbine provided with the transition piece

according to claim 5.

12. A gas turbine provided with the transition piece

according to claim 6.
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9. A gas turbine provided with the



