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Cooling air passages are formed In the wall of an exhaust casing connected to a turbine casing of a gas turbine. Low pressure
alr extracted from the low pressure stage of an air compressor of the gas turbine Is supplied to the cooling air passage from the
portion near the downstream end of the exhaust casing. Cooling air flows through the cooling air passage toward the upstream
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supplied to the cavity In the turbine casing, the metal temperature of the turbine casing near the downstream end becomes
higher than that provided by a conventional cooling system. Therefore, the difference between the metal temperatures of the
turbine casing and the exhaust casing becomes very small and the thermal stress exerted on the exhaust casing due to the
temperature difference can be largely reduced.
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- AN AIR-COOLED GAS TURBINE EXHAUST CASING

ABSTRACT OF THE DISCLOSURE

Cooling alr passages are formed in the wall of an
exhaust casing connected to a turbine casing of a gas
turbine. Low pressﬁre alr extracted from the low .
pressure stage of an air compressor of the gas turbine 1is
supplied to the cooling air'passage from the portion near
the downstream end of the exhaust casing. Cooling air
flows through the cooling air passage toward the upstream
end of the exhaust casing and then flows into an annular
cavity formed in the turbine casing near the poftion"
corresponding to the last turbine stage. Therefore, the
metal temperature of the exhaust casing near the upstream
end (near the joint between the exhaust casing and the
turbine casing) is lowered by‘the cooling air and, as
cooling air of a relatively high temperature is supplied
to the cavity in the turbine casing, the metal
temperature of the turbine casing near the dowhstream end
becomes higher than that provided by a conventiocnal
cooling system. Therefore, the difference between the
metal temperatures of the turbine casing and the exhaust
casing becomes very small and the thermal stress exerted
on the exhaust casing due to the temperature difference
can be largely reduced.
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AN AIR-COOLED GAS TURBINE EXHAUST CASING

1. Field of the Invention
The present invention relates to a combustlon

‘gas turbine and, specifically, it relates to an air-

cooled exhaust casing of a gas turbine provided with
cooling air passages in the wall of the casing.
2. Description of the Related Art

In a gas turbine, a mixture of a high-pressure
combustion air and fuel are burned in combustors in order
to generate high-pressure and high-temperature combustion
gas. This combustion gas is supplied to a plurality of
turbine stages, each comprising stator blades and rotor
blades and disposed in a turbine ca51ng, in order to
convert the energy of the combustion gas into the
rotational energy of the rotor blades. The combustion
gas, the pressure thereof belng lowered after passing the
turbine stages, passes through a dlffuser disposed in an
exhaust casing in order to recover its pressure before it
is discharged to the atmosphere. - |

Usually,_the stator-blades of the respective
turbine stages are fixed to a stator ring dispédsed in the'
turbine casing. A predetermined amount of gap is
maintained between the outer eurface of the stator ring
and the inner wall of the turbine casing so that an
annular cavity is formed‘between each of the stator rings
and the inner wall of the turbine casing.

Cooling air is supplied from the ges turbine
air compressor into the annular cavities between the
stator rings and the turbine casing to prevent the stator
rings and the turbine casing wall from being excessively
heated by high-temperature combustion gas passing through
the respective turbine stages.

The annular cavities between the stator rings

and the turbine ca31ng wall are arranged in the axmal
direction and are separated from each other by
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diaphragms. Cooling air supplied to each annular cavity
enters cooling air passages formed in the stator blades
through the stator ring and, after cooling the stator
blades, discharged into the combustion air passages to
thereby mix with combustion gas. |

The exhaust casing 1s connected to the
downstream end of the turbine casing and, as the
combustion gas flows into the exhaust casing after
expanding at the respective turbine stages; the
temperature of the exhaust gas flowing into the exhaust
casing 1s relatively low. Further, since a diffuser is
disposed 1in the exhaust casing and the inner wall of the
exhaust casing is shielded from the exhaust gas by the '
diffuser, the'temperature of the exhaust casing wall 1is
substantially lower than that of the turbine casing wall.
Therefore, no cooling facility is-provided in the exhaust

‘casing wall.

AHowever, 1t has been found that the
conventional cooling system'of the turbine casing as
explained above, in which cooling air is supplied to the
annular cavities for cooling the casing and stator
blades, sometimes causes problems such as a damage or a
distortion of the exhaust casing connected to the turbine

~casing, or a distortion of the stator rings.

AS explained above,,cooling'air supplied to the
annular cavities of the respective turbine stages is
discharged into the combustion gas passing through the
respective turbine stages after cooling the stator rings
and the stator blades of the respective stages.
Therefore, the preSsure of cooling air supplied to the

cavities must be higher in the upstream turbine stages.

Usually, cOoling_air is extracted from the gas turbine

alr compressor discharge or from the intermediate stages
of the compressor. Since the pressure requirement for

the cooling air is different in the respective cavities,

cooling air supplied to the cavities of upstream stages,

for example, 1s taken from the discharge or high-pressure
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stages of the gas turbine air compressor.

Similarly, cooling air for the cavities of the
intermediate turbine stage is extracted from .
lntermediate-pressure stage of the compressor and cooling
air for the cavities'of the downstream turbine stages is
taken extracted from low-pressure stages of the
compressor. '

The temperature of the air extracted from the
compressor stages becomes higher as the pressure'of the
extracted air becomes higher. Therefore, when the air
extracted from the gas turbine compressor is used for
cooling air, the temperature of the ceoling alr supplied
to the upstream turbine stages becomes higher than the
temperature of the cooling air supplied to the downstream
turbine stages and,'at the most downstream (last) turbine

~stage, 1.e., at the turbine stage nearest to the joint

where the exhaUst'casing is connected, the cooling air
supply temperature becomes the lowest. This causes the
wall temperature of the turbine casing near the exhaust
casing joint to be considerably lower than the combustion
gas (exhaust gas) temperature. '

On the other hend, no cooling facility 1s
provided on the exhaust casing. Therefore, though the
wall of the exhaust casing is shielded from the hot
exhaust gas by the diffuser disposed in the exhaust
easing, the metal temperature of the exhaust casing
approaches that of the exhaust gas_due to the radiation
from the diffuser. ' '

Therefore, when an air cooling system of the
turbine casing is used, the metal temperature of the
turbine cesing wall becomes relatively low although the
metal temperature of the exhaust casing wall becomes
relatively high. Therefore, a large temperature
difference occurs between the turbine'casing and the
exhaust casing at the joint portion therebetween. This
large temperature difference generates a'relatively large
thermal stress in the exhaust casing. 1In general, the
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exhaust casing has a sufficient rigidity to withstand
such a thermal stress and the thermal'stress does not
cause immediate damage. However, when the gas turbine is
operated for a long period in the condition where the
exhaust casing 1s subject to a large thermal stress,

damage such as cracking due to a low cycle fatigue, or a

deformation, may occur in the exhaust casing.
Further, the stator rings are disposed in the

annular cavities in order to hold the'turbine stator

~blade. In the last turbine stage, the outer side (the

cavity side) of the stator ring is cooled by the low
temperature cooling air and the inner side (the hot gas
side) of the stator ring contact with the hot exhaust
gas, thereby the temperature difference across the stator
ring in the radial direction becomes very large in the
last turbine stage. Therefore, a large thermal stress 18
generated 1in the stator ring of the last turbine stage

due to the temperature difference and, in some extreme

case, a damage or distortion Qf the stator ring occurs
due to the large thermal stress. |

SUMMARY OF THE INVENTION .

In view of the problems in the related art as set
forth above, the object of the present invention is to
providé an ailr-cooling system for a gas turbine casings
capable of preventing generation of a large thermal
stress on the exhaust casing and turbine stator rings.

Accordihg to the present invention, there is
provided an air-cooled gas turbine exhaust casing
containing an exhaust diffuser and connected to a turbine.
casing having turbine stages each including turbine
stator blades and rotor blades, the exhaust casing being
provided with cooling air passages disposed within the
casing wall and extending in the axial direction, wherein

the cooling air passages include cooling air inlets

disposed near the downstream end of the exhaust casing,

cooling air outlets disposed near the upstream end of the
exhaust casing and connected to an annular cavity formed
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between a stator ring holding the stator blades of the
last turbine stage and the inner surface of the turbine
casing wall, whereby cooling air enters into the coolihg -
air passages at the portion near the downstream end of '
the exhaust casing, flows within the'exhaust casing wall
toward the upstream end of the exhaust casing and enters
the annular cavity of the last turbine stage from the
downstream end of the turbine casing.

According tothe present'invention, cooling alr 1is

.supplied to the cooling air passages of the exhaust

casing from the portion near the downstream end of the
exhaust casing. This cooling air passes through the
cooling air passages in the exhaust casing wall toward
the upstream end of the exhaust casing. Further, the
cooling air after passing through the cdoling air
passages in the exhaust casing i1s supplied to the annular
cavity of the'last'turbine'Stage from the upstream end of
the exhaust casing. ' - ' o '
Thus, the temperature of the exhaust casing wall

near the connection to the turbine casing becomes lower

than that of the conventional non-cooled exhaust casing.

- Further, since cooling air is supplied to the annular

cavity of the last turbine stage after being warmed 1in
the cooling air passage of the exhaust casing, the wall
temperature of the turbine casing at the portion of the
last turbine stage (i.e., the portion near the joint to
the exhaust casing) becomes higher than that of the ,
conventional case. Therefore, the temperature difference
between the turbine casing and the exhaust casing, as
well as the resultant thermal stress in the exhaust
casing, becomes very small in the present invention.
Further, as the temperature of the cavity side of
the stator ring becomes higher than the conventional case

in the present invention, the temperature difference

between the cavity side and the hot gas side of the
stator ring is also reduced. Thus, according to the
present invention, the thermal stress exerted on the
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stator ring 1s largely reduced.

~ In the present invention, although the exhaust
casing 1is air-cooled in addition to the turbine casing,
it is possible to suppress the increase in the
consumption of the cooling air. In the conventional
cooling system, pressurized air extracted from an
intermediate compressoxr stage of the gas turbine air
compressor is used as cooling air supplied to the annular
cavity of the last turbine stage. Therefore, if the same
air, i.e., air extracted from the intérmediate COmMpressor
stage is suppliéd to the cooling air paSsage of'the
exhaust casing, the additional air-cooling of the exhaust
casing can be carried out without increasing the cooling
alr consumption in the present invention. Thus,
according to the present invention, the temperature
difference and the resultant thermal stress in the
exhaust casing can be reduced without increasing the
cooling air'consumptidn that deteriorates the thermal
efficiency'of the gas turbine. ‘

 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from
the description, as set forth hereinafter, with reference
to the accompanying drawings in which:

Figs. 1A and 1B are drawings explaining an ‘
embodiment of thé‘present invention in which Fig. 1B
shows a longitudinal section view of the turbine casing
and the exhaust casing and, Fig. 1A shows wall
temperatures of the respective parts of the casings in
Fig. 1B; and . '

Figs. 2A and 2B are the drawings;similar to Figs. 1A
and lB,ireSpectively,.in which Fig. 2B shows the ' '
longitudinal section view of the conventional turbine
casing and exhaust casing and, Fig; 2A shows the wall
temperatures of the respective parts of the casings in

" Fig. 2B.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, embodiments of an air-cooled gas
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turbine exhaust casing according to the present invention

‘will be explained with reference to Figs. 1A and 1B.

Fig. 1B 1s a longitudinal section view of the gas
turbine showing the general construction of the turbine
casing and the air-cooled exhaust casing according to an
embodiment of the present invention{

- In Fig. 1B, numeral 1 denotes a gas turbine as 3
whole, 3 denotes a turbine casing of the gas turbine 1
and 5 denotes an exhaust casing cOnnected to the turbine
casing 3 at the downstream side thereof with respect to
the exhaust flow direction. ' ' '

21 and 23 in Fig. 1B designate turbine stator blades
and turbine rbtor'blades, respectively. Stator blades 21
and the rotor blades 23 form a turbine stage and, the
stator blades 23 of the respective turbine stages are
fixed to stator rings 25 disposed within the turbine
casing 3 so that the outer peripheries of the stator
rings 25 oppose the wall 3a of the turbine casing 3 with
a predetermined distance therebetween. The space between
the outer peripheries of the stator rings 25 and the
inner periphery of the wall 3a is divided to.axial
sections corresponding to the respective turbine stages.
Thus, annular cavities are formed in the turbine casing
at the portions corresponding to the respective turbine
stages (in Fig. 1B shows the case where three annular
cavities 31, 33 and 35 are formed).

In the exhaust casing 5, an exhaust diffuser 7 whiéh
forms a passage of exhaust gas from the last turbine
stage 1s diSpOSed. The diffuser 7 consists of a
cylindrical inner casing 7b and a cone shaped outer
casing 7a, both made of thin metal plate. An annular
exhaust gas passage diverging towards the downstream
direction 1s formed between the outer casing 7a and the
inner casing 7b of the diffuser 7. _Exhaust gas from the
last turbine stage passes'through the annular exhaust gas
passage and recovers 1ts static pressure before it flows
into an exhaust gas duct connected to the downstream end
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of the exhaust casing 5.

The outer casing 7a of the diffuser 7 is held at a
predetermined distance from the wall 5a of the exhaust
casing 5 so that an annular clearance is formed between
the exhaust casing 5 and the outer casing 7a of the
diffuser 7. A journal bearing 9 for supporting the

turbine rotor, to which the rotor blades 23 are fixed, 1is

contained in the inner casing 7b of the diffuser 7. The
upstream end of the exhaust casing 5 is connected to the

~downstream end of the turbine casing 3 by fastening bolts

disposed around the periphery of the exhaust casing 5.
Numeral 11 in Fig. 1B is a strut which penetrates the
exhaust casing 5. The strut 11 is formed as a hollow
duct having an oblong circular cross section and used as
a passage for piping such as lubricating oil pipes to and
from the bearing 9 in the inner casing 7a of the

diffuser 7. '

In this embodiment, a plurality of cooling air
passages 20 extending in the axial direction are formed
within the wall 5a of the exhaust casing 5. The cooling
alr passages 20 are disposed around the exhaust casing 5
at regular circumferential intervals. The respective
cooling air passages 20 have cooling air inlets at the
portion near the downstream end of the exhaust casing 5
where the respective coeling air passages 20‘are
connected'to cooling air supply external pipes (not shown
in the drawing). |

' The respectiVe cooling'air passages 20 have cooling
alr outlets at the upstream end of the exhaust casing 5.
The respective cooliag outlets of the cooling air
passages 20 of the exhaust easiﬁg 5 are connected to
cooling air passages 29 formed within the turbine casing
wall 3a at regular circumferential intervals. The
cooling air passages 29 communicate with the annular

cavity 35 to thereby connect the cooling air passagesaZO

of the exhaust casing 5 to the annular cavity 35 of the
turbine casing 3.
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separate cooling alr pipes (not shown in the
drawing) are connected to the annular cavity 31 of the
upstream turbine stage and the annular cavity 33 of the
intermediate turbine stage in order to supply cooling air

to the cavities 31 and 33 separately.

In this embodiment, high pressure air H extracted
from a discharge or a high-pressure stage of a gas

turbine air compressor (not shown) is supplied to the

upstream turbine stage annular cavity 31 as cooling air,
and intermediate pressure air M extracted from an
intermediate-pressure stage of the gas turbine air
compressor 1s supplied to the intermediate turbine stage
annular cavity 35 as cooling air. Further, low pressure
air L extracted from a low-pressure stage of a gas
turbine air compressor is supplied to the cooling air
passages 20 of the exheust casing 5. Cooling air
supplied to the respective cavities 31, 33, 35 flows into

the stator blades 23 of the respective stages from

cooling air inlets disposed on the stator rings 25 of the
respective stages and cools'the_stator blades 23 as 1t
flows through cooling air passages formed within the
respective stator blades 23. =After\cooling the
respective stator blades 23, cooling air is discharged
from the cooling air outlets en the side faces of the
respective stator blades into the combustion gas passing
through the respective turbine stages.

Next, the difference between the exhaust casing 5 in
the present embodiment and the conventional exhaust
casing will be explained. '

Fig. 2B is a longitudinal section view of a gas
turbine similar to Fig. 1B and showing a general
construction of a conventional turbine casing and exhaust
casing. In Fig. 2B, reference numerals the same as those
in Fig. 1B denote elements similar to those in Fig. 1B.

As can be seen from Fig. 2B, no cooling'air‘passage
is provided on the exhaust casing in the conventional
construction; l.e., the conventional exhaust casing 1S
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not cooled. Further, in the conventional construction,
low pressure cooling air L 1s supplied to the annular
cavity.35 of the last turbine stage directly by a
separate cooling air supply pipe (not shown).

In the conventional construction in Fig. 2B, cooling
alr supplied to the upstream turbine stage cavity 31 and
intermediate turbine stage cavity 33 are extracted from
the high-pressure stage and the intermediate-pressure
stage of the air compressor, respectively. 'Therefore,
the temperature of the cooling air supplied to these
cavities 31 and 33 is relatively high and corresponds to
1ts pressure. For example, the temperatures of the
cooling air supplied to the upstream stage cavity 31 and
the intermediate stage cavity 33‘are about 600°K and
550°K, respectively. ’

On the other hand, as the cooling ailr supplied to
the last stage cavity 35 is low pressure air extracted
from the low-pressure stage of the air compressor in the
conventional.construction and the temperature thereOf 1s
a low value of around 400°K. '

Fig. 2A shows temperatures of the walls 3a and 5a
(metal temperatures) of the respective parts of the
turbine casing 3 and exhaust casing 5 in Fig. 2B.

AS can be seen from‘Fig. 2A, the metal temperature
of the wall 3a of the turbine casing 3 deCreases towards
downstream end thereof due to the difference in the
temperature of the cooling air supplied to the cav1t1es,-
and becomes considerably lower than exhaust gas
temperature near the last stage cavity 35 in the
conventional‘censtruction in Fig. 2B.

' However; as the exhaust casing is not cooled in the
conventional Construction, the wall 5Sa of the exhaust
ca81ng 5 1s heated by the radiation from the exhaust gas
passing through the diffuser 7 and the metal temperature
thereof approaches the exhaust gas temperature (about
850°K, for example). Thus, a large temperature
difference between the metal temperatures of the easing
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walls occurs near the joint between the turbine casing 3
and the exhaust casing 5 (AT in Fig. 2A). This '

temperature difference causes a steep temperature
gradient along the exhaust gas flow direction in the
exhaust casing 5 as shown in Fig. 2A. Thus, a relatively
large thermal stress is caused by this steep temperature
gradient and, in some cases, cracking of the exhaust
casing wall 5a due to a low cycle fatigue,'or distortion
of the exhaust casing 5 due to the thermal stress, occur
after a long period of operation. In addition, the
service life of the stator ring 25 of the last turbine
stage 1s also shortened, in some cases, due to the

thermal stress exerted on the stator ring 25 as explained
before. | '

In contrast, exhaust casing 5 of the present
embodiment in Fig. 1B is cooled by air entering the
cooling air passages'20 from the‘inlet disposed near the
downstream end of the exhaust casing 5 and flowing toward
the Upstream end through the wall 5a of the exhaust
casing 5. Due to the air cooling, the metal temperature
of the exhaust casing wall Sa'near the upstream end
thereof in the present invention_becomes lower than that
of the conventional construCtion.- '

' After cooling the exhaust casing wall 5a, the
cooling air, after being heated to a relatively high

- temperature (around 500°K, for example), is supplied from
- the cooling air passages 20 to the cavity 35 of the last

turbine stage through the cooling air passages 29 in the
turbine casing wall 3a. Since the temperature of the

cooling air supplied'to the caVity 35 is higher than that
in the conventional construction, the metal temperature.

- of the turbine casing wall 3a near the downstream end

thereof becomes higher than that in the conventional
construction. ' '

Fig. 1A shows the metal temperature distribution of
the turbine casing and the eXhaust~casing in the present

embodiment. As can be seen from Fig. 1A, the metal
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temperature of the exhaust casing 5 decreases and the
metal temperature of the turbine casing 3 increases,
reSpectively, near the joint between the exhaust casing 5
and the turbine casing 3 compared with the conventional
construction. Thus, the temperature difference between
the exhaust casing 5 and the turbine casing 3 near the
joint portion becomes very small, and the metal
temperature gradually decreases from the downstream end
of the turbine casing 3 toward the downstream end of the
exhaust casing 5 in the present embodiment. It can be
clearly seen from Fig. 1A that the steep gradient in the
metal temperature of the casings in the conventional
construction (Fig. 2A) is eliminated in the present
embodiment. Therefore, as the thermal stress exerted on
the exhaust casing 5 becomes much smaller in the present

embodiment, the damage or distortion of the exhaust

casing 5 does not occur even after a long period of
operation of the gas turbine._

Further, the temperature of the cooling air supplied
to the cavity 35 is high (500°K, for example) in the '
present embodiment and the difference in the temperature
across the stator ring 25 is largely reduced comparing
with that in the conventional construction. Therefore,
the thermal stress exerted on the stator ring 25 is
reduced and, thereby, the service life of the stator ring
is prolonged in the present embodiment.

In the present embodiment, the amount of cooling air
supplied to the cooling air passages 20 of the exhaust
casing 5 is substantially the same as the amount of
cooling air directly supplied to the cavity 35 in the
cenventional construction in Fig; 2B.f Therefore, the
overall consumption of cooling'air, which largely affects
the thermal efficiency of the gas turbine, is
substantially the same as that in the conventional
construction. B '

Therefore, according to the present invention, the
reduction of the thermal stress exerted on the exhaust
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casing and the stator ring of the last turbine stage can
be achieved without involving deterioration of the

thermal efficiency of the gas turbine.
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CLAIMS
1. An air-cooled gas turbine exhaust casing
containing an exhaust diffuser and connected to a turblne
casing.haVing-turblne stages each including turbine
stator blades and rotor blades, the exhaust casing being
provided with cooling air passages disposed within the

casing wall and eXtending in the axial direction, wherein

the cooling air passages include:

cooling ailr inlets disposed near the
downstream end of the exhaust casing, _

cooling air outlets disposed near the
upstream end of the exhaust casing and connected to an
annular cavity formed between a stator ring holding the
stator blades of'the last turbine stage and the inner

‘surface of the turbine casing wall, whereby cooling air

enters into the cooling air passages at the portion near
the downstream end of the exhaust casing, flows within
the exhaust casing wall toward the upstream end of the

- exhaust casing and enters the annular'cavity'of the last

turbine stage from the downstream end of the turbine
casing.

2. An air-cooled gas-turbine exhaust casing as set
forth in claim l,‘wherein cooling air is extracted from

an intermediate stage of an air compressor of the gas

turbine and supplied to the air inlets of the cooling air
passages and, after entering into the annular cavity of
the last turbine stage from the cooling air passages, the
cooling air is discharged from the annular cavity into
the combustion gas passing the last turbine stage through
air-passagés formed within the stator blades of the last
turbine stage.
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