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(57) Abstract

Increased turbine inlet temperatures and/or extended life of turbine rotors in gas turbine engines is achieved by lo-
cating a plurality of passages (50) that extend axially in the disc (46) and turbine blades (32) of a so-called monorotor. The
passages (50) have inlets (54) between compressor blades (18) on the rotor (20) and exit openings (52) in the free edges (38)
of the turbine blades (32). Thus, air compressed by the compressor blades (18) is flowed through the passages (50) to cool

the rotor (20).
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TURBINE ROTOR COOLING

Field of the Invention

This invention relates to gas turbines, and more
particularly, to the cooling of turbine rotors so as to
increase rotor life and/or allow operation at higher turbine

inlet temperatures.

Background of the Invention
Generally speaking, and with all other things being

equal, the efficiency of operation of a gas turbine
increases as the turbine inlet temperature, that is, the
temperature of the gas applied to the turbine blades, is
increased. However, in practice some efficiency to be
gained by high temperature operation is given up by using
turbine inlet temperatures that are sufficiently low as to
enable the turbine rotor to last a reasonable useful life
without failure. In short, relatively higher turbine inlet
temperatures, while increasing turbine efficiency decrease
the useful 1life of the turbine while relatively lower
turbine inlet temperatures provide for a long lived turbine,
they result in decreased operating efficiencies.

In order to increase turbine 1life or allow turbine
operation at higher turbine inlet temperatures without
sacrificing useful life, various schemes have been proposed
for cooling the turbine rotor. A number of the turbine
rotor cooling schemes proposed are unwieldy and expensive to
implement and thus have not been altogether satisfactory.
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_'Tha'presént invention is directed to overcoming this
difficulty.

Summary of the Invention
' It is the principal object of the invention to provide

a new and improved gas turbine. More spec1f1cally, it is an-

object of the invention to prov1deja new and improved cooled
rotor for use in gas turbines so that higher turbine inlet
' temperaﬁuresfmay be utilized without sacrificing useful life
or, where similar turbine inlet temperatures are used, the
turbine is provided with increased useful life.

An exemplary embodiment of the invention achieves the

foregoing'object in a gas turbine including a combustion gas
inlet' an annular diffuser downstream of the 1nlet and a
combustor for rece1v1ng combustion supportlng gasses and
burning fuel,thereWLth to produce a high pressure turbine
driving gas. 2an annular nozzle is located adjacent the
diffuser and receives the turbine driving gas and directs

the same; genérally ‘radially inwardly. A rotor including

rotary shaft means extends through and is centered within

the annular diffuser and the annular nozzle. The rotor has

a disc with compressor blades on one side which are opera-

tively interposed between the inlét and the diffuser, and

: turbine'blades on the other side. A plurality of passages
‘extend at least from the disc one 51de through the disc and
through the turbine blades.

~ As a consequence of this construction, combustion

supporting gas being ,compressed;'by the compressor blades
flows through the paséages in the disc and in the turbine
blades. This compressed gas will- be conSLderably cooler
than the turbine derlng gasses and will thus serve to cool

the rotor ~to either extend its useful life or allow 1tsr'

operatlon at hlgher turblne inlet temperatures.
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In a preferred embodiment, there are a plurality of
such passages in each of the turbine blades and the passages
extend generally axially.

In one embodiment of the invention, the passages have
inlet ends in the disc one side and located between the
compressor blades.

The invention contemplates that the turbine blades have
edges opposite the disc and that the passages have outlet
ends in such edges.

In a highly preferred embodiment, the disc, the com-
pressor blades and the turbine blades define an integral
rotor body, that is, a so-called monorotor.

Other objects and advantages will become apparent from

~the following specification taken in connection with the

accompanying drawings.

Description of the Drawings
Fig. 1 is fragmentary, somewhat schematic, sectional

view of a gas turbine made according to the invention;

Fig. 2 is a fragmentary end view of a rotor viewing a
single turbine blade thereon:;

Fig. 3 1is a temperature distribution graph showing
temperatures at various locations on a turbine rotor not
incorporating the present invention; and

Fig. 4 is a view similar to Fig. 3 but illustrating the

temperature distribution across a rotor made according to

the invention.

Description of the Preferred Embodiment
An exemplary embodiment of a gas turbine made according

to the invention is illustrated in the drawings and with
reference to Fig. 1 is seen to be in the form of a radial
flow turbine. The same has an air inlet end generally
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designated 10 at which is located a compréssor blade shroud
12. An annular diffuser 14 of conventional construction is
supported by the shroud 12 and is operative to perform the
usual diffusion cperatlon on compressed gas received from
radially outer ends 16 of curved compressor blades 18
carried on a rotor, génerally desighated 20. The compressor
blades 18 also have axial ends'22 adjacent the inlet 10.

Compreésed gas to support,cbmbustion;from the diffuser
14 is directed to an annular combustor shown schematically
at 24 which also receives fuel on a line 26. The fuel is
combusted within the combustor 24 and then directed to an
annular nozzle 28. The hot gasses of combustion exiting the
nozzle 28 are directed radially'inwardly in a conventional
fashion to impinge against radially outer ends 30 of a
plurality of turbine blades 32 on the rotor 20.

The rotor 20 may be fitted to a shaft 34 so as to be

centered within the diffuser 14 and the nozzle 28. The

shaft 34 is journalled by suitable'bearings (not shown) so
that hot gasses of combustion 1mp1ng1ng upon the blades 32
from the nozzle 28 w1ll cause the rotor 20 and thus the
shaft 34 to rotate. The rotary motion will be utilized to
perform useful work in:a,kmown maﬁner and will also drive

the compressor blades 18 to compress the air received from

the inlet 10 for use in the combustion process. Gas exiting
the nozzle 28 is confined against the blades 32 by a cdnven-
tional turbine blade shroud 36 which is in close adjacency
to the free edges 38 of the turbine blades 32. The turbine
blades 32; like the compressor'blades 18, are curved and

terminate in axial ends 40.

The turbine blades 32 have a Se¢ond‘ edgé 42 which,

according to'the,preferred'éﬁbodiment is really no edge at

all. Preferably, the rotor 20 is a so-called monorotor,
meaning that the compressor blades 18, the turbine blades

'
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32, the rotor hub 44, and the central disc 46 separating the
blades 18 and 32 are all cast as a unitary structure and are
integral. As thus far described, the rotor 20 may be
regarded as conventional.

Fig. 3 illustrates the temperature distribution across
various parts of a conventional turbine rotor configured as
described above for a turbine inlet temperature of 2,860°
Rankine. Thus, Fig. 3 illustrates temperature distribution
across an uncooled turbine rotor.

In order to operate at the same turbine inlet tempera-
ture, but to reduce the temperature caused stresses on the
rotor 20 to extend its 1life, the cooling means of the
invention are utilized to cool the rotor 20.

Returning to Fig. 1 and 2, the cooling means of the
invention will be described. They include a plurality of
generally axially extending bores or passages 50 which
extend through the disc 46 from the side thereof adjacent
the compressor blades 18 past the opposite side of the disc
46 and through the turbine blades 32 to emerge from the free
edges 38 thereof. Thus, the ends 52 of the bores 50 in the
free edges 38 of the blades 32 are exit openings for a
coolant gas while the ends 54 of the bores 50 located in the
channels between the compressor blades 18 are inlet ends
whereby gas from the inlet 10 and compressed by the blades
18 may enter the passages 50 and flow through the same.

Thus, the invention accomplishes cooling of the turbine
blades 32 by bleeding air from the compressor side of the
rotor through the passages 50. In a preferred embodiment,
perhaps about 5% of the air entering the inlet 10 is caused
to flow through the passages 50. Thus, Fig. 4 illustrates
the temperature distribution across the rotor for a 5% flow
of inlet gas through the'passages 50 for cooling purposes.
It will be noted that the same turbine inlet temperature,
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hamely, 2,8605 ‘Rankine, is employed and that substantial
teinpei:ature ' reducticns from - the uncooled rotor whose

- temperature dlstrlbutlon is deplcted in Fig. 3 are achieved.
The formatlon of the passages 50 can be accompllshed by _
the s:.mple means of boring the holes parallel to the axis
~defined by the shaft 34. Thus, the manufacture of the
cooled rotor is not complicated and the '_same enables the use
of higher turbine inlet temperatures or, prolongs the life
. of th'e rotor. It is expected that turbine inlet temperature
could be 'iri:creased approximately 200° Rankine without 7
sacfific-ing' useful life through utilization of the inven-
tion. Alternatively, it is believed that with no increase
in turbrin'e' inlet temperatufe, use of the invention will
~approximately double the life of the rotor.
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CLAIMS

1. A gas turbine comprising:

a combustion supporting gas inlet,

an annular diffuser downstream of said inlet;

a combustor for receiving combustion supporting gas and
burning a fuel therewith to produce a high pressure turbine
driving gas;

an annular nozzle adjacent. said diffuser and receiving
said turbine driving gas and directing the same generally
radially inward;

a rotor including rotary shaft means and extending
through and centered in said annular diffuser and said
annular nozzle, said rotor haviqg a disc, compressor blades
on one side of said disc and operatively interposed between
said inlet and said diffuser, and turbine blades on the
other side of said disc adjacent said nozzle; and

a plurality of passages extending at least from said
disc one side through said disc and said turbine blades.

2. The gas turbine of Claim 1 wherein there are a
plurality of said passages in each of said turbine blades.

3. The gas turbine of Claim 2 wherein said passages
extend generally axially.

4. The gas turbine of Claim 1 wherein said passages .
have inlet ends in said disc one side and between said

compressor blades.
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5. The gas turbine of Claim 1 wherein said turbine
blades have edges opposite said disc and said passages have
outlet ends in said edges. '

6. The gas turbine of Claim 1 wherein said disc, said

compressor blades and sald turblne ‘blades define an 1ntegral

rotor body.

7. A gas turbine comprising: o :

a combustion supporting gas inlet, '

an annular diffuser downstream of said inlet;

‘a combustor for receiving coﬁbustion‘supporting gas and
burning a fuel therew1th to produce a hlgh pressure turbine
dr1v1ng gas, 7 ,

an annular nozzle adjacent said diffuser and receiving
sald turbine dr1v1ng gas and dlrectlng the same generally
radially inward;

a rotor 1nclud1ng a hub hav1ng a central disc separ-.

atlng compressor blades on one side and turblne blades on

the other slde, said compressor blades curving from axial
‘ends adjacent said inlet to radial ends adjacent said
diffuser and having side edges integral with said hub and.
‘said disc, said turbine blades also curving from radial ends

adjacent.sald nozzle.to axial opposite ends and.hav1ng first
side edges lntegral Wlth ‘said disc and said hub and second,
free side edges opposite therefrom; and

a plurality of generally axial passages in each of said

turbine blades having exit ends in said second free side
edges, said passages extending past said first side edges

‘intoe said disc to terminate in inlet ends in said disc one

" side so that gas entering said inlet to be compressed by

said compressor blades may pass through said passages to
thereby cool sald rotor. :

W
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AMENDED CLAIMS
[received by the International Bureau on 02 June 1988 (02.06.88);
original claims -7 replaced by amended claims 1-7 wherein claim 2 is cancelled (2 pages)]

1. A gas turbine comprising:

a combustion supporting gas inlet,

an annular diffuser downstream of said inlet;

a combustor for receiving combustion supporting gas and
burning a fuel therewith to produce a high pressure turbine
driving gas;

an annular nozzle adjacent said diffuser and receiving
said turbine driving gas and directing the same generally
radially inward;

a rotor including rotary shaft means and extending
through and centered in said annular diffuser and said annular
nozzle, said rotor having a disc, compressor blades on one side
of said disc and operatively interposed between said inlet and

said diffuser, and turbine blades on the other side of said disc

adjacent said nozzle; and
a plurality of groups of passages, each group extending
at least from.said disc one side through said disc and through a

corresponding one of said turbine blades.

2.

3. The gas turbine of Claim 1 wherein said passages are

generally axially extending bores.

4, The gas turbine of Claim 1 wherein said passages have
inlet ends in said disc one side and between said compressor

blades.
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5. The gas turbine of claim l'wherein said turbine
blades have edges opposite'said disc and said passages have
outlet ends in said edges. - '

§. The gas turbine of Claim 1 wherein said disc, said
compressor blades and said turbine blades define an integral
rotor body. '

7. A gas turbine comprising:

a combustion supporting gas inlet,

~an annular diffuser downstream of said inlet;

a combustor for receiVing combustion supporting gas and
burning a fuel ﬁherewith to produce a high pressure turbine '
driving gas; | o '

‘an annular nozzle adjacent said diffuser and receiving
sald turbine erV1ng gas and dlrectlng the same generally
radlally inward;

' a cast rotor lncludlng a hub hav1ng a central dlsc
separatlng compressor blades on one ‘side and turbine blades on
the other side, said comPfeSsor blades curving from axial ends
adjacent'said'inlet“to radial ends adjacent said diffuser and
having side edges integral with said hub and said disc, said
turbine,bledesraiso curving from'fadial ends adjacent said nozzle
-to axial opposite ends and having first side edges integral with
said disc and said hub and second, free'sideredges opposite
therefrom; and o

a plurallty of generally axial bores in each of ‘said
turbine blades having ex1t ends in said second free side edges,
said bores extending past said first side edges into said disc to
terminate in inleteends in said disc one side so that gas '
entering said inlet to be COmpressed by said compressor blades
may pass through said bores to thereby cool said rotor.
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