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Title of Invention

GAS TURBINE OF THE AXIAL FLOW TYPE

Detailed Explanation of the Invention

BACKGROUND OF THE INVENTION

The present invention relates to the technology of gas turbines. It refers to a gas
turbine of the axial flow type according to the preamble of claim 1.

More specifically, the invention relates to designing a stage of an axial flow
turbine for a gas turbine unit. Generally the turbine stator consists of a vane
carrier with slots where a row of vanes and a row of stator heat shields are
installed one after another. The same stage includes a rotor consisting of a
rotating shaft with slots where a row of rotor heat shields and a row of blades

are installed one after another.

PRIOR ART

The invention relates to a gas turbine of the axial flow type, an example of which is
shown in Fig. 1. The gas turbine 10 of Fig. 1 operates according to the principle of
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sequential combustion. It comprises a compressor 11, a first combustion chamber
14 with a plurality of burners 13 and a first fuel supply 12, a high-pressure turbine
15, a second combustion chamber 17 with the second fuel supply 16, and a low-
pressure turbine 18 with alternating rows of blades 20 and vanes 21, which are
arranged in a plurality of turbine stages arranged along the machine axis MA.

The gas turbine 10 according to Fig. 1 comprises a stator and a rotor. The stator
includes a vane carrier 19 with the vanes 21 mounted therein; these vanes 21 are
necessary to form profiled channels where hot gas developed in the combustion
chamber 17 flows through. Gas flowing through the hot gas path 22 in the required
direction hits against the blades 20 installed in shatt slits of a rotor shaft and
makes the turbine rotor to rotate. To protect the stator housing against the hot gas
flowing above the blades 20, stator heat shields installed between adjacent vane
rows are used. High temperature turbine stages require cooling air to be supplied
into vanes, stator heat shields and blades.

To ensure high-temperature turbine stage operation with long-term life time, all
parts of the hot gas path 22 should be cooled effectively. Parts of the known
design presented in Fig. 2(a) and (b) are cooled as follows: Compressed cooling
air 24 delivered from the compressor through a plenum 23 and enters cavities 31
and 29. In the case of cavity 31 this is done by means of a hole 25. Then this
cooling air flows out from the airfoil of vane 21 and through holes 30 and 28 of the
stator heat shield 27, which is attached to an inner ring 26 opposite to the blade
20, into the turbine flow path 22. The thin-walled crown 32 (Fig. 2{b)) of the
peripheral blade zone (the blade tip) is very sensitive to high gas temperature.
Cooling air escaping from holes 30 situated in the forward part of the stator heat
shield 27 in the design of Fig. 2 contributes to lowering the temperature of the
blade crown 32 (in addition to the blade cooling system itself, which is not explicitly
shown in the figure).

However, above described design has the following disadvantages:
1. Due to the large distance from the outlets of holes 30 to the leading edge of
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the blades 20, cooling air jets soon lose their energy and are washed out
with hot gas from the hot gas path 22.

2. Air flowing out of holes 30 has a rather high temperature, since it has
already cooled a substantial surface area of the stator heat shield 27.

3. No effective biowing through with cooling air is provided for the space
between adjacent stator heat shields 27 (Fig. 2(b})), and this increases
overheating risk for sealing plates 33 and side surfaces of the stator heat
shields 27.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a gas turbine with a turbine stage
cooling scheme, which avoids the drawbacks of the known cooling configuration
and combines a reduction in cooling air mass flow with an improved cooling and

effective thermal protection of critical parts within the turbine stages of the turbine.

This and other objects is obtained by a gas turbine according to claim 1.

The gas turbine of the invention comprises a rotor with alternating rows of air-
cooled blades and rotor heat shields, and a stator with alternating rows of air-
cooled vanes and stator heat shields mounted on inner rings, whereby the stator
coaxially surrounds the rotor to define a hot gas path in between, such that the
rows of blades and stator heat shields, and the rows of vanes and rotor heat
shields are opposite to each other, respectively, and a row of vanes and the next
row of blades in the downstream direction define a turbine stage, and whereby the
blades of the turbine stage are each provided with a blade crown at their tips and
the vanes of the turbine stage are each provided with an outer vane platform.
According to the invention, the stator heat shields and outer vane platforms within
the turbine stage are adapted to one another such that air leaking through the
joints between the outer vane platforms and the adjacent stator heat shields into

the hot gas path is directed onto the blade crown of the blades.
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According to an embodiment of the invention the outer vane platforms and the
adjacent stator heat shields are adapted to one another by providing each of the
outer vane platforms with a downstream projection at its rear wall, which projection
extends downstream to the leading edge of the blade crowns and into a respective
recess at the adjacent stator heat shield.

According to another embodiment of the invention, the stator heat shields within
the turbine stage are cooled by introducing cooling air into a cavity on the backside
of each stator heat shield, which cooling air is discharged into the hot gas path

through holes at the downstream and upstream side of the stator heat shield.

According to another embodiment of the invention the vanes within the turbine
stage are cooled by introducing cooling air through a hole info a cavity on the
backside of the outer vane platform of each vane, and jets of cooling air are
directed onto the blade crowns from said cavity by means of holes running
downstream through said projection.

According to just another embodiment of the invention, the outer vane platform of
the vanes is configured such that the cooling air flowing through said holes in said
projection has already been used before to cool the respective vane.

According to ancther embodiment of the invention, slits are provided running
downstream through said projection to direct cooling air precisely into the interstice
between stator heat shields being adjacent in the circumferential direction.

According to another embodiment of the invention, additional holes are provided at
the outer vane platforms to direct cooling air from the cavity on the backside of the
outer vane platform downstream onto the blade crowns below said projection.
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The present invention is now o be explained more closely by means of different
embodiments and with reference to the attached drawings.

Brief Explanation of the Drawings

Fig. 1 shows a well-known basic design of a gas turbine with sequential
combustion, which may be used for practising the invention;

Fig. 2 shows cooling details of a turbine stage of a gas turbine according
to the prior art (Fig. 2(a)) with Fig. 2(b) showing a detail of the
blade crown configuration;

Fig. 3 shows cooling details of a turbine stage of a gas turbine according
to an embodiment of the invention (Fig. 3(a)) with Fig. 3(b)
showing the magnified zone B of Fig. 3(a); and

Fig. 4 shows a modification of the inventive cooling scheme with
enhanced sealing plate cooling.

DETAILED DESCRIPTION OF DIFFERENT EMBODIMENTS OF THE
INVENTION

Fig. 3 presents a proposed design of the high-temperature turbine stage
where disadvantages inherent to the design demonstrated in Fig. 2 are
consequently eliminated.

According to the new and advantageous proposed design of Fig. 3 the gas turbine
35 comprises a turbine stage TS with vanes 41 attached to a vane carrier 39 and
blades 40 being moved by the hot gas flowing through the hot gas path 42.
Opposite to the blade tips of the blades 40, stator heat shields 47 are arranged on
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an inner ring 46. The vanes 41, which comprise each an outer vane platform 38,
are cooled by cooling air 44 flowing from a plenum 43 through a hole 45 into the
cavity 51. According to the invention, the outer vane platform 38 and the stator
heat shield 47 are designed and are adapted to one another such that air 37
leaking through the joints between the outer vane platforms 38 and the adjacent
stator heat shields 47 into the hot gas path 42 is directed onto the blade crown 32
of the blades 40 flow (Fig. 3(b)). This means that cooling air is fed to the slit
between adjacent stator heat shields 47 and to the blade crown of blades 40
through a minimum possible distance.

This direct cooling of them blade crowns and stator heat shield slits is
implemented by providing a projection 36 situated on the rear wall of the outer
vane platform 38. To get the end of projection 36 close to the blades 40 to a
maximum extent, a special recess 58 is provided in the stator heat shields 47. The
stator heat shield 47 is cooled in the same way as shown in Fig. 2, i.e. cooling air
enters into the cavity 49, passes through holes 52 in the stator heat shield 47 and
is discharged through holes 48 and 50.

Also, the vane 41 is cooled similarly to the vane 21 in Fig. 2; however, the blade
crown of the blades 40 is cooled more effectively, because air jets from holes 53
running through the projection 36 bring the cooling air close 1o the blade to the
maximum extent, so that they have no time to lose their energy and to be
washed out with hot gas from the hot gas path 42.

Another advantage of the proposed design is that the cooling air, which is supplied
to holes 53, has already passed through holes 54 of a perforated sheet and cooled
a portion of the outer vane platform 38. Thus, as the blade crown is cooled with
cooling air, which has already been used for cooling another part, turbine
efficiency is improved.

The projection 36 on the outer vane platform 38 results in still another advantage

of the proposed design (see Fig. 4). It enables the interstice 59 between adjacent



(18) JP 2012-117539 A 2012.6.21

stator heat shields 47 (Fig. 4(b)) to be blown through with powerful air jets spurting
from slits 57 arranged precisely in the middle between adjacent stator heat shields
47 in circumierential direction. These jets protect the side surfaces of the stator
heat shields 47 and the sealing plates 55 between these stator heat shields 47
against negative hot gas effects. In addition to the supply of utilized air by holes 53
to the blade crowns and through slits 57 into the interstices 59 between adjacent
stator heat shields 47, a further supply of utilized air supply may be provided
through holes 56.

In summary, the proposed design has the following advantages:

1. The proposed shapes of both the stator heat shields 47 and the
projection 36 made in the outer vane platform 38 make it possible to
bring cooling air jets very close to the blade crowns of blades 40. This
improves the effectiveness of the cooling of these elements substantially.

2. To cool the stator heat shields 47 and blade crowns, air that has already
been used for cooling the vanes 41, is used. This dual use of cooling air
has improves the turbine efficiency.

3. The interstice 59 between adjacent stator heat shields 47 is blown
through effectively.

4. Leaking air 37 from cavities 49 and 51 within the joint zones with inner
rings 46 and vane carrier 39 (see Fig. 3} is successfully used for cooling

due 1o exiting nearer to the blade crowns.

Thus, a combination using mutually adapted beneficial shapes of the stator
heat shields 47 and the projection 36 (see Figure 3) in connection with
utilization of cooling air discharged from the outer vane platform 38 makes it
possible to create a modern turbine with good performance and continuous
blade life time.
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Claims

1. Gas turbine (35) of the axial flow type, comprising a rotor with alternating
rows of air-cooled blades (40) and rotor heat shields, and a stator with alternating
rows of air-cooled vanes {41) and stator heat shields (47) mounted on a vane
carrier (39), whereby the stator coaxially surrounds the rotor to define a hot gas
path {42) in between, such that the rows of blades (40} and stator heat shields
{47), and the rows of vanes {41) and rotor heat shields are opposite to each other,
respectively, and a row of vanes (41) and the next row of blades (40} in the
downstream direction define a turbine stage (1S5}, and whereby the blades (40) of
the turbine stage (TS) are each provided with a blade crown (32) at their tips and
the vanes (41) of the turbine stage (TS} are each provided with an outer vane
platform (38), characterised in that the stator heat shields (47) and outer vane
platforms (38) within the turbine stage (TS) are adapted to one another such that
air (37) leaking through the joints between the outer vane platforms (38) and the
adjacent stator heat shields (47) into the hot gas path (42) is directed onto the
blade crown (32) of the blades (40).

2. Gas turbine according to claim 1, characterised in that the outer vane
platforms {38) and the adjacent stator heat shields (47} are adapted to one
another by providing each of the outer vane platforms (38) with a downstream
projection (36) at its rear wall, which projection (36) extends downstream to the
leading edge of the blade crowns (32) and into a respective recess (58) at the
adjacent stator heat shield {47).

3. Gas turbine according to claim 2, characterised in that the stator heat
shields (47) within the turbine stage (TS) are cooled by introducing cooling air into
a cavity (49) on the backside of each stator heat shield (47), which cooling air is
discharged into the hot gas path (42) through holes {48, 50) at the downstream
and upstream side of the stator heat shield (47).
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4. Gas turbine according to claim 3, characterised in that the vanes (41)
within the turbine stage (TS) are cooled by introducing cooling air (44) through a
hole (45) into a cavity (51) on the backside of the outer vane platform (38) of each
vane (41), and jets of cooling air are directed onto the blade crowns (32) from said
cavity (51} by means of holes (53) running downstream through said projection
(36).

5. Gas turbine according to claim 4, characterised in that the outer vane
platform (38} of the vanes {41) is configured such that the cooling air flowing
through said holes (53) in said projection (36) has already been used before to
cool the respective vane (41).

6. Gas turbine according to claim 4 or 5, characterised in that slits (57} are
provided running downstream through said projection (36) to direct cooling air
precisely into the interstice (59) between stator heat shields (47) being adjacent in
the circumferential direction.

7. Gas turbine according to claim 6, characterised in that additional holes
(56) are provided at the outer vane platforms (38) to direct cooling air from the
cavity (51) on the backside of the outer vane platform (38) downstream onto the
blade crowns (32) below said projection (36).

Abstract

A reduction in cooling air mass flow and an improved cooling and effective thermal
protection of critical parts within the turbine stages of the turbine is achieved by
adapting the stator heat shields (47) and outer vane platforms (38) within the
turbine stage (TS) to one another such that air (37) leaking through the joints
between the outer vane platforms (38) and the adjacent stator heat shields (47)
into the hot gas path {42) is directed onto the blade crown (32) of the blades (40).

(Figure 3)
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