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(57) Abstract: The invention relates to a method for con-
version of a gas turbine engine (37) to a turbine engine
with a combined gas and steam turbine device (33). The
invention also relates to improvements of a turbine device
(1) comprising concentrically arranged gas and steam tur-
bine portions (2, 4), especially with regards to the turbine
blades (7, 17, 9, 19). Further, a method for regulating a
turbine engine comprising such a turbine device is pro-
posed.
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Turbine device

TECHNICAL FIELD

The present invention relates to improvements of a turbine device comprising
concentrically arranged gas turbine and steam turbine portions. The invention
further relates to a method for regulating a turbine engine comprising such a

turbine device.

BACKGROUND ART

Gas turbine engines are used for the conversion of the chemical energy of a
fuel into mechanical energy in a number of situations. There, a gas turbine is
driven by a gas flow which is generated by combustion of the fuel. The gas
turbine usually drives a compressor in order to compress air and supply the

combustion chamber with an increased amount of oxygen.

The advantage of the gas turbine engine is, in general, that the engine can
provide high power at low weight. A drawback has traditionally been that the
efficiency, i.e. the utilisation of the chemical energy of the fuel, is low.

A turbine device of high efficiency comprising concentric gas turbine and
steam turbine portions is known from Swedish Patent No. SE530142 C2, US
Provisional Application No. 60/969997 and PCT Application No.
PCT/SE2008/050258.

Such a turbine device can replace conventional turbines in a number of ap-
plications, as has been discussed in the prior art referred to above. If an ex-
isting gas turbine engine is to be retrofitted with a turbine device which com-
prises concentric gas turbine and steam turbine portions, certain design con-
siderations must be taken into account in order to maximise the utilisation

coefficient.
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SUMMARY OF THE INVENTION

The objective of the present invention is to provide a method for optimising a
turbine engine which has been retrofitted with a turbine device that comprises
concentrically arranged gas and steam turbine portions.

This objective has been achieved by a method for conversion of a gas tur-
bine engine to a turbine engine with a combined gas and steam turbine de-
vice. Here, the gas turbine engine comprises a compressor, a combustion
chamber that is supplied with air from the compressor, a compressor turbine
and a power turbine. The compressor turbine drives the compressor and the
power turbine provides output power. The compressor turbine is a gas tur-
bine comprising a plurality of gas stages. During the conversion, the com-
pressor turbine is replaced by a turbine device which includes a gas turbine
portion and a steam turbine portion. The gas turbine portion and the steam
turbine portion are concentrically arranged. Now, the number of stages of the
gas turbine portion within the turbine device is chosen to be smaller than the
number of stages of the replaced compressor turbine. Further, the number of
stages within the steam turbine portion is larger than the number of gas tur-
bine portion stages comprised within the turbine device.

By the reduction of gas stages within the compressor turbine, a higher
amount of energy for the power turbine remains in the combustion gas. Fur-
ther, the steam pressure at the inlet of the compressor turbine steam portion
can be higher than the gas pressure at the inlet of the compressor turbine
gas portion. Thereby, the power contribution from the steam turbine portion

can be increased.

The invention further relates to the problem of increasing the utilisation coef-
ficient of a turbine device with concentrically arranged gas and steam turbine
portions. An efficient cooling of the turbine blades is also desired.
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This has been obtained by a rotor blade for a turbine device that comprises a
gas turbine portion and a concentrically arranged steam turbine portion. The
turbine rotor blade comprises channels that are adapted to lead steam from
the steam turbine portion to the gas turbine portion and back to the steam
turbine portion within the rotor blade. Hereby, simple blade design, efficient
cooling of the blades, and also energy supply to the steam turbine portion is
achieved.

The objectives have also been achieved by a turbine stator blade for a tur-
bine device that comprises a gas turbine portion and a concentrically ar-
ranged steam turbine portion and also a steam generator. Now, the turbine
stator blade comprises a steam channel that is adapted to lead steam from
the steam generator, through the gas turbine portion and to the steam turbine
portion. In this manner, the stator blade is efficiently cooled.

In a turbine device with concentrically arranged gas and steam turbine por-
tions, it is desirable to vent air from the hub of the turbine device. This can be
achieved by means of an air channel that is adapted to lead air from the hub,
through the steam turbine portion and to the gas turbine portion.

In a turbine device with concentrically arranged gas and steam turbine por-
tions, the load on the turbine blade increase since the same blade extends
through both portions. This problem can be solved by introducing a partition
wall that separates the gas turbine portion from the steam turbine portion. If
the gas turbine rotor blades are attached to the partition wall, the centrifugal
forces caused by the rotation of the gas turbine rotor blades are partly carried
and counter balanced by the partition wall.

Further, in accordance with the invention, the utilisation coefficient of a tur-
bine device with concentrically arranged gas and steam turbine portions can
be increased by using steam turbine rotor blades and gas turbine rotor
blades of different cross-section. Then, the cross-section of the steam turbine
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rotor blades can be optimised for the steam flow in the steam turbine portion
and the cross-section of the gas turbine rotor blades can be optimised for the

gas flow in the gas turbine portion.

Either the steam turbine rotor blades may be divided into a first and a second
rotor blade part, whereby a flow-through channel is formed in the rotor blade,
or the steam turbine rotor blades may be of a smaller cross-section, allowing
the arrangement of more steam turbine rotor blades than gas turbine rotor

blades.

Efficient cooling of the blades is ensured by a method for regulating a turbine
engine that comprises a compressor, a combustion chamber, a compressor
turbine and a power turbine. The compressor turbine and/or the power tur-
bine is a turbine device which comprises a gas turbine portion and a concen-
trically arranged steam turbine portion. The compressor turbine and/or the
power turbine further comprises rotor blades and stator blades with fluid
channels, and a steam generator which generates steam for the fluid chan-
nels in order to cool the blades and drive the steam turbine portion. Accord-
ing to the method, compressed air from the compressor is during start-up led
to the blades of the turbine device.

Efficient cooling is also ensured, and overspeed prevented, if during shut-
down, the steam supply to the steam turbine portion of the turbine device is
interrupted, and a relatively small amount of air is led from the compressor to

the steam turbine portion of the turbine device.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in greater detail with reference to the

enclosed drawings, where

figure 1 shows an axial cross-section of a known turbine device 1 which

comprises a gas turbine portion 2 and a steam turbine portion 4;
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figure 2

figure 3a

figure 3b

figure 3¢

figure 4

figure 5

figure 6

figure 7

PCT/EP2008/054228

schematically illustrates a turbine engine 37 comprising a com-
pressor 45, a combustion chamber 43, a compressor turbine 31
and a power turbine 41;

illustrates conventional compressor and power turbines 31, 41;

illustrates converted compressor and power turbines 32, 41,
which now comprise a gas turbine portion 2 and a steam turbine
portion 4;

illustrates converted compressor and power turbines 33, 41,
whereby, in the compressor turbine 33, the number of stages of
the gas turbine portion 2 and a steam turbine portion 4 are opti-

mised;

shows a turbine rotor blade 7, 17 including channels 101, 103 for
conducting steam from a steam turbine portion 4 to a gas turbine
portion 2 and back to the steam turbine portion 4;

shows a turbine stator blade 9, 19 including a steam channel 201
for supplying steam to a steam turbine portion 4 of a turbine de-
vice and an air channel 203 for leading air from a hub 205 of a

turbine device to a gas turbine portion 2;

illustrates a plurality of turbine rotor blades 7, 17 and a partition
wall 301 that is arranged between a gas turbine portion 2 and a
steam turbine portion 4;

illustrates two alternatives for designing the steam turbine rotor
blades when different cross-sections are used for the steam tur-
bine rotor blades and the gas turbine rotor blades; and
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figure 8 is a block diagram illustrating a method for regulating a turbine
engine comprising a turbine device with a gas portion and a

steam portion.

Neither the drawings nor the description below shall limit the scope of the
present invention. Throughout the drawings, the same reference numerals

have been used for the same components.

DETAILED DESCRIPTION

Figure 1 illustrates a turbine device 1 comprising a gas turbine portion 2 and
a steam turbine portion 4, wherein the gas turbine portion 2 and the steam
turbine portion 4 are concentrically arranged. This principle is known from
Swedish Patent No. SE530142 C2, US Provisional Application No.
60/969997 and PCT Application No. PCT/SE2008/050258.

Combustion gas from a combustion chamber enters (indicated by arrow 3)
the gas turbine portion 2 of the turbine device 1. In figure 1, the combustion
gas passes from left to right (indicated by arrows 3 and 5) through the gas
turbine portion 2, whereby the gas drives a turbine shaft 6 by acting on a plu-
rality of gas turbine rotor blades 7. The gas turbine portion 2 also comprises
a plurality of guide vanes or gas turbine stator blades 9. The rotor blades 7
and stator blades 9 are intermittently arranged along the longitudinal turbine
axis 11.

Fluid channels 13 are arranged within the gas turbine rotor blades 7 and the
gas turbine stator blades 9. By means of a fluid flowing in said channels 13,
heat is absorbed from the combustion gas in the gas turbine portion 2. The
fluid channels 13 lead to an inlet 15 of the steam turbine portion 4. In this
manner, the temperature of the fluid which runs through the gas turbine por-
tion 2 is increased, and the high pressure fluid is injected into the inlet 15 of
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the steam turbine portion 4. At this point, the fluid is normally in the form of

steam.

The steam turbine portion 4 is arranged radially inside the gas turbine portion
2, as can be seen in figure 1. The steam passes from left to right (indicated
by the arrow at the steam inlet 15 and by the arrow 16) through the steam
turbine portion 4, whereby the steam drives the turbine shaft 6 by acting on a
plurality of steam turbine rotor blades 17. Thus, the steam and the combus-
tion gas both drive the same turbine shaft 6. The steam turbine portion 4 fur-
ther comprises a plurality of guide vanes or steam turbine stator blades 19.
As in the gas turbine portion 2, the steam turbine rotor blades 17 and the
steam turbine stator blades 19 are intermittently arranged.

The rotor blades 7, 17 are mounted on a rotor 21, and the stator blades 9, 19

are mounted on a stator 23.

In the schematical illustration of figure 1, the most upstream blade is a rotor
blade 7, 17, which is followed by a stator blade 9, 19. The situation can also
be the reversed, i.e. the most upstream blade can be a stator blade, see fig-

ure 3.

Reference is now made to figures 2 and 3. One aspect of the invention re-
lates to a method for conversion of a gas turbine engine 37 to a turbine en-
gine with a combined gas and steam turbine device 33. Hereby, the coeffi-
cient of utilisation of a turbine engine, which contains the gas turbine 31, can

be increased.

A conventional gas turbine 35 of a turbine engine 37 can be divided into a
compressor turbine 31 and a power turbine 41, respectively. The compressor
turbine 31 is driven by combustion gas from a combustion chamber 43 and
drives, in turn, a compressor 45 which provides the combustion chamber 43

with air. The power turbine 41 is arranged downstream the compressor tur-
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bine 31 and converts the remaining energy of the combustion gas to shaft
power. In this connection, the compressor turbine 31 can be coupled to the
compressor 45 by means of a first turbine shaft 47. The power turbine 41 can
be coupled to a generator or to a transmission box (not shown) via a second
turbine shaft 49. Such a turbine engine is generally referred to as a twin-

spool engine.

The compressor turbine 31 of the present example is initially a two-stage gas
turbine. l.e., the compressor turbine 31 comprises two axially separated sets
of gas turbine blades, see figure 3a. In the figures 3a, 3b and 3c, a gas tur-
bine stage is denoted G and a steam turbine stage is denoted S.

A straightforward method for increasing the power of the turbine engine 37
might be to convert it by replacing both the compressor turbine 31 and the
power turbine 41 with turbine devices 1 comprising a gas turbine portion 2
and a concentric steam turbine portion 4. The result of such a conversion is
shown in figure 3b, where the compressor turbine 32 comprises two gas
stages G and two steam stages S. However, the increased power of the
compressor turbine 32 will not be needed for driving the compressor 45, and
is thus not optimally utilised.

The inventive method for increasing the power of the turbine engine 37 is
shown in figure 3c. Here, a compressor turbine 33 comprising one gas tur-
bine stage G and three steam turbine stages S is put to use. The introduction
of a three-stage steam turbine portion 4 makes one of the gas stages redun-
dant. One gas stage G together with three steam stages S suffice for gener-
ating the power needed by the compressor. Thus, one of the gas turbine
stages of the compressor turbine 31, 32 can be removed. The removal of a
turbine stage implies the removal of one plurality of rotor blades and one plu-
rality of stator blades.
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If an existing turbine engine 37 is converted in this manner, i.e. from the de-
sign of figure 3a to the design of figure 3c, the gas temperature and the gas
pressure at the outlet of the compressor turbine 33 are increased. Conse-
quently, the gas temperature and the gas pressure at the inlet of the power
turbine 41 are increased, whereby the power turbine 41 can yield more

power.

In a turbine device 1 with concentrically arranged gas turbine portion 2 and
steam turbine portion 4, it is desirable to design the device such that the gas
pressure of the gas turbine portion 2 is essentially equal to the steam pres-
sure of the steam turbine portion 4 along the longitudinal turbine axis 11. If
the gas turbine portion 2 and the steam turbine portion 4 are arranged with
axially coinciding inlets and outlets, see figure 1, the respective gas and
steam pressures must be matched. However, as has been described with
reference to figures 3b and 3¢, the number of gas turbine stages and steam
turbine stages can be varied. E.g., if desired, a higher number of steam tur-

bine stages than gas turbine stages can be put to use (figure 3c).

Typically, the combustion gas pressure of the combustion chamber 43, and
thus the inlet pressure of the gas turbine portion 2, is around 1.5 MPa. Con-
sequently, the turbine device 1 should be designed such that the steam pres-
sure at the inlet of the steam turbine portion 4 is also around 1.5 MPa. With
the addition of more steam turbine stages (figure 3c), however, the steam
pressure at the inlet of the steam turbine portion 4 can be increased to e.g. 5
MPa. Thereby, the steam turbine power contribution is increased substan-
tially. Since each turbine stage entails a drop of pressure, the additional
steam turbine stages will lower the steam pressure to the desired 1.5 MPa at

the axial location where the inlet of the gas turbine portion 2 is arranged.

The steam pressure is affected by the design of the fluid channels 13. A
separate steam generator can also be used for generating sufficient steam at

a predetermined pressure.
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The power turbine 41 of figures 3b and 3c can be a conventional gas turbine
or, as illustrated here, a turbine device 1 comprising a gas turbine portion 2
and a concentric steam turbine portion 4. If the power turbine 41 is a turbine
device 1 comprising a gas turbine portion 2 and a concentric steam turbine
portion 4, the steam turbine portion 4 can be lengthened by the addition of
steam turbine stages at the end of the steam turbine portion 4. By such an

arrangement, more steam energy can be utilised.

When a gas stage is removed, as is illustrated in figure 3c, an inner stator
wall 34 can be arranged to constitute the outer wall for the steam turbine por-
tion that is not located radially inside a gas turbine portion. The inner stator
wall 34 can be held by rods (not shown) extending radially inwards from the
stator wall. A similar solution applies if additional steam stages are added
before and/or after a turbine device.

Figure 4 illustrates another aspect of the present invention. A turbine device
1 with concentric gas turbine portion 2 and steam turbine portion 4 (figure 1)
is presumed. Here, steam is led from the steam turbine portion 4 to the gas
turbine portion 2 and back to the steam turbine portion 4 by means of chan-
nels 101, 103 within rotor blades 7, 17. In this manner, the blades 7, 17 are
cooled and the steam of the steam turbine portion 4 is superheated. The flow
through the channels 101, 103 is propelled by the pressure difference be-
tween the front edge and the rear edge of the blade.

In the steam turbine portion 4, steam enters a steam turbine rotor blade 17
through an inlet opening 105 at the front, i.e. upstream, edge of the blade 17.
The steam propagates radially outwards in the longitudinal direction of the
blade 7, 17 through an outboard channel 101 from the steam turbine portion

4 to the gas turbine portion 2.
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Although other embodiments are conceivable (see e.g. figure 7), in figure 4
the respective cross-sections of the steam turbine rotor blade 17 and the gas
turbine rotor blade 7 are equal. The outboard channel 101 extends from the
steam turbine rotor blade 17 to the gas turbine rotor blade 7. Within the gas
turbine rotor blade 7, the outboard channel 101 is divided into a plurality of
inboard channels 103. The inboard channels lead the steam radially inwards
back to the steam turbine rotor blade 17, and terminate at an outlet opening
107. The outlet opening 107 is located at the rear, i.e. downstream, edge of
the steam turbine rotor blade 17. In this example, one outboard channel 101
and four inboard channels 103 are used, but any desired flow geometry pro-
viding high heat transfer may be used.

In order to maximise the heat transfer from the combustion gas to the gas
turbine rotor blades 7, and thus to the steam flowing in the outboard channels
101 and the inboard channels 103, said channels extend along essentially
the whole length of the gas turbine rotor blades 7.

The arrangement 105, 101, 103, 107 for collecting heat from the gas turbine
portion 2 and supplying said heat to the steam turbine portion 4 implies that
steam is injected at the steam turbine portion 4 inlet 15. This steam can be

generated in a separate steam generator, which will be discussed below.

The arrangement 105, 101, 103, 107 can also be used in combination with
the fluid channels 13 described above. Each turbine rotor blade 7, 17 then
contains the outboard channels 101, the inboard channels 103 and the fluid
channels 13. Alternatively, the turbine rotor blades 7, 17 can comprise the
outboard channels 101 and the inboard channels 103 as shown in figure 4,
whereas only the turbine stator blades 9, 19 comprise the fluid channels 13

as shown in figure 1.

Figure 5 relates to yet another aspect of the present invention. This aspect
addresses e.g. the problem of cooling the stator blades 9, 19. In a turbine
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device with concentrically arranged gas turbine portion 2 and steam turbine
portion 4, see figure 1, the stator blades 9 within the gas turbine portion 2
can, in accordance with figure 5, be cooled by steam flowing inside the
blades 9. The steam flows through the gas turbine portion 2 to the steam tur-
bine portion 4. For this purpose, a steam channel 201 can be arranged within
the turbine stator blades 9, 19. The steam can be generated in a separate
steam generator, which will be discussed below. The steam can alternatively
be generated within the fluid channels 13 of the turbine blades.

As can be seen in figure 5, the turbine stator blade 9, 19 comprises a steam
channel 201. Said channel 201 extends through the stator blade 9, 19 and is
adapted to lead steam from outside the stator wall, through the gas turbine
portion 2 and to the steam turbine portion 4. In this way, the steam is heated
and the blade 9, 19 is cooled. In the steam turbine portion 4, the steam may
exit the blade 19 through openings (not shown) at the rear edge of the steam
turbine stator blade 19. The steam may alternatively be led upstream by
pipes (not shown) and be released into the steam turbine portion 4 prior to
the stator blade 9, 19. Arrows 207 show the flow of the steam through the

stator blade 19 in an illustrative manner.

The steam channel 201 can be arranged within the most upstream turbine
blades of the turbine device 1. The subsequent stator blades along the tur-
bine axis 11 can either be furnished with analogous steam channels 201, or
with fluid channels 13 as illustrated in figure 1. The steam flow geometry

within the blade is optimised for high heat transfer.

In figure 5, the turbine hub is indicated by reference numeral 205. Com-
pressed air may leak from the compressor 45 e.g. through a shaft 47 seal
(not shown) and rear shaft bearings (not shown) to the hub 205 of the turbine
device 1. This air can be vented by means of an air channel 203 within the
stator blades 9, 19. Such air channels 203 can, although not shown, alterna-
tively be arranged within the rotor blades 7, 17.
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The purpose of the air channel 203 is to lead air from the hub 205, through
the steam turbine portion 4 and to the gas turbine portion 2. Thereby the rear
edge of the turbine blade 7, 17, 9, 19 is cooled. Advantageously, the air
channel may terminate in a plurality of outlet openings 209 or slots 209, ar-
ranged in the rear or trailing edge of the turbine blade. Such slots 209 may
be arranged along essentially the entire turbine blade edge, whereby an ef-
fective cooling is obtained all along the edge.

Figure 6 schematically illustrates another aspect of the present invention.
This aspect addresses the problem of designing a turbine device with con-
centrically arranged gas and steam turbine portions 2, 4, while avoiding ex-
posing the rotor blades 7, 17 to high mechanical loading. The concentrically
arranged turbine portions 2, 4 may imply that the rotor blades 7, 17 are
longer than those of a conventional gas turbine, whereby the centrifugal
forces acting on the radially inner section of the blades 7, 17 increase. This
increased loading is to a certain part compensated for by the above de-
scribed cooling of the rotor blades 7, 17. Lower temperature leads to higher
strength. In figure 6, a supplementary solution for decreasing the mechanical
loading on the rotor blades 7, 17 is shown.

A partition wall 301 is arranged between the gas turbine portion 2 and the
steam turbine portion 4. The partition wall or outer seal ring 301 serves to
separate the gas turbine portion 2 from the steam turbine portion 4, and can
be made up by a number of plates (shown in figures 4 and 5) attached to the
blades. However, by making the partition wall 301 as a full ring and attaching
the gas turbine rotor blades 7 to said partition wall 301, part of the centrifugal
forces caused by the respective gas turbine rotor blades 7 around the rotor
are taken up by the partition wall 301.

Figure 6 further shows the stator wall 303, an inner seal ring 305, and turbine
blade feet 307. The gas turbine portion 4 is delimited by the partition wall 301
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and the inner seal ring 305. A corresponding partition wall and inner seal ring
is carried by the stator blades 9, 19.

Figure 7 relates to a further aspect of the present invention. Here, the gas
turbine blades 7, 9 and the steam turbine blades 17, 19 are optimised for the
gas flow and the steam flow of a turbine device 1, respectively. A turbine de-
vice 1 with concentric gas turbine portion 2 and steam turbine portion 4 (fig-

ure 1) is presumed.

As indicated in e.g. figure 6, the volume of the steam turbine portion 4 is
much smaller than the volume of the gas turbine portion 2. This is indicated
by the radial position of the partition wall 301. The steam flow through the
steam portion 4 constitutes in fact merely around 10 % of the gas flow
through the gas portion 2. Thus, the radial length of the steam turbine blades
17, 19 is smaller than the radial length of the gas turbine blades 7, 9.

If the steam turbine rotor blades 17 are to be able to carry the centrifugal load
of the gas turbine rotor blades 7 (i.e., if no load carrying partition wall 301 is
put to use), the cross-section of the steam turbine blades 17 must be essen-
tially the same as the cross-section of the gas turbine blades 7.

Assuming that the same cross-section is used for the steam turbine rotor
blades 17 and the gas turbine rotor blades 7, the steam turbine rotor blades
17 will have a comparatively large chord 401 to blade length ratio. By length
is meant the radial length of the rotor blade 17. A large chord 401 to blade
length ratio implies high flow resistance, and is thus unfavourable.

Thus, it is desirable to use a different design for the steam turbine rotor
blades 17 and the gas turbine rotor blades 7, so that the respective blades
17, 7 are optimised for the flow in the steam turbine portion 4 and the gas
turbine portion 2. In particular, a large chord 401 to blade length ratio is to be
avoided.
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In the left part of figure 7, a first proposed design for the cross-section of the
steam turbine rotor blades is shown. The cross-section of a gas turbine rotor
blade 7 is also indicated. Each steam turbine rotor blade is divided into a first
blade part 17a and a second blade part 17b. Thereby, a flow-through channel
403 is formed in the rotor blade. The flow through channel 403 reduces the
flow resistance of the steam turbine rotor blade 17a, 17b. Furthermore, chord

to blade length ratio is reduced.

Figure 7 further illustrates, on the right hand side, a second possible design
for the cross-section of the steam turbine rotor blades. For comparison, the
cross-section of a gas turbine rotor blade 7 is again indicated. Here, a plural-
ity of smaller steam turbine blades 17c, 17d, 17e is used instead of one lar-
ger turbine blade. Thus, the chord is reduced while the radial length of the
steam turbine rotor blade is unaltered, which means that the chord to blade
length ratio is reduced.

In accordance with the present invention, the use of two to five smaller steam
turbine blades per corresponding gas turbine blade provides an appropriate
chord to blade length ratio. Three smaller steam turbine blades 17¢c, 17d, 17e

result in an especially suitable chord to blade length ratio.

The optimisation of the steam turbine rotor blades can be realised jointly with
the use of a partition wall 301, which has been described with reference to
figure 6. In this manner, the steam turbine blades 17a, 17b; 17¢, 17d, 17e do
not have to carry the entire centrifugal load caused by the gas turbine blades
7. Said optimisation may however also be carried out without the partition
wall 301, then the steam turbine blades 17a, 17b; 17¢, 17d, 17e must be de-
signed so that they are able to carry the centrifugal forces caused by the gas
turbine blades 7.
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The block diagram of figure 8 illustrates a method for regulating a power
plant turbine engine comprising a turbine device 1 with a gas portion 2 and a
steam portion 4. This block diagram is consistent with the illustration of figure
2, but figure 8 further discloses a steam generator 51, a condenser 53, an
electric generator 55, and valves V1-V5. Both the compressor turbine 31 and
the power turbine 41 are turbine devices of the kind illustrated in figure 1.

The steam generator 51 is connected to the outlet of the gas turbine portion 2
of the power turbine 41. Further, the steam generator 51 is connected to the
steam portion inlet of compressor turbine 31, via a valve V1. Via a valve V2,
the steam generator 51 is also connected to the steam portion inlet of power
turbine 41. Thereby, the steam generator 51 makes use of the heat from the
combustion gas in order to generate steam, which is supplied to the com-
pressor turbine 31 and the power turbine 41. An arrow at the top of the steam
generator 51 in figure 8 indicates the combustion gas outlet. The steam gen-
erator 51 can also be powered by a separate burner or by electrical means.

The valves V1, V2 are control valves that ensure that a maximal amount of
steam is supplied to the steam turbine portions 4 of the compressor turbine
31 and the power turbine 41, without substantial leakage of steam from the
steam portions 4 to the gas portions 2 of the respective turbines 31, 41. The
valves V1, V1 are governed by the combustion gas pressure before the com-
pressor turbine 31 and power turbine 41, respectively. A blow off valve V4 is
arranged at the steam generator 51 steam outlet.

The condenser 53 is connected to the steam generator 51 and can supply
condensed fluid such as water to the steam generator 51. Said steam is led
to the condenser 53 through a connection with the steam turbine portion 4 of
the power turbine 41. As can be seen in figure 8, said connection between
the power turbine 41 and the condenser 53 comprises a blow off valve V5.
The heat generated during the condensing can be used for heating purposes.
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The arrows to the left of the condenser in figure 8 illustrate a connection to
e.g. a district heating system.

The electric generator 55 is coupled to the power turbine 41 via the second
turbine shaft 49.

The outlet of the compressor 45 is connected to the steam inlet of the com-
pressor turbine 31. As can be seen in figure 8, a valve V3 is arranged to
regulate the air flow from the compressor 45 to the compressor turbine 31.
The compressor 45 can also be connected to the steam inlet of the power
turbine 41.

The regulation of the present turbine engine is in principle concordant with
the regulation of conventional combined gas and steam turbine engines.
However, since the gas turbine portion 2 and the steam turbine portion 4
(within the compressor turbine 31 and the power turbine 41, respectively) are
arranged within the same housing, and share the same rotor, the steam tur-
bine portion 4 will be in operation even if no steam is generated by the gas
turbine portion 2. This is the case at transient conditions, such as start-up or
emergency shut-down. During such conditions, the lack of steam means that

the compressor turbine 31 and the power turbine 41 are insufficiently cooled.

In order to obtain sufficient cooling at start-up, the valves V1, V2 between the
steam generator 51 and the compressor turbine 31 and the power turbines
41 are closed. The remaining valves V3, V4, V5 are open so that air from the
compressor 45 is led through the compressor and power turbines 31, 41 and
provide cooling for these. The air is led through fluid channels 13 (see figure
1) arranged within the turbine blades of the turbines 31, 41. A starter motor
is used to help bringing the turbines 31, 41 to idle, which generally takes
about 2-3 minutes. Subsequently, steam is being generated by the steam
generator 51 and by means of the fluid channels 13 within the compressor
turbine 31 and the power turbine 41. Now the valves V1, V2 between the
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steam generator 51 and the compressor turbine 31 and the power turbines
41 can be opened, and the remaining valves V3, V4, V5 can be closed.

At emergency shut-down, caused e.g. by a sudden loss of load on shaft 49,
turbine 31, 41 overspeed must be prevented. In this connection, the fuel sup-
ply is immediately cut. The steam supply to the steam turbine portions 4 of
the compressor turbine 31 and the power turbine 41 is interrupted by closing
of the valves V1, V2 between the steam generator 51 and the turbines 31,
41. The blow off valve V4 at the steam generator 51 steam outlet is opened
in order to ventilate the steam generator 51. The remaining valves V3 and V5
are gradually opened in order to lead air from the compressor through the
steam turbine portions 4 of the turbines 31, 41 for cooling. The air is led
through fluid channels 13 (see figure 1) arranged within the turbine blades of
the turbines 31, 41. By this gradual opening, the air flow is sufficient for cool-
ing, but not strong enough to provide undesired driving force to the turbines
31, 41.
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CLAIMS

1.
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15

20

25

30

A method for conversion of a gas turbine engine (37) to a turbine engine
with a combined gas and steam turbine device (33), which gas turbine

engine (37) comprises

a compressor (45),

a combustion chamber (43), which is supplied with air from the compres-
sor (45),

a compressor turbine (31) and

a power turbine (41),

wherein the compressor turbine (31) drives the compressor (45) and the
power turbine (41) provides output power, and wherein the compressor
turbine (31) is a gas turbine comprising a plurality of gas stages (G),

characterised by the steps of

replacing the compressor turbine (31) by a turbine device (33) which in-
cludes a gas turbine portion (2) and a steam turbine portion (4), in which
turbine device (33) the gas turbine portion (2) and the steam turbine por-

tion (4) are concentrically arranged,

wherein the number of stages (G) of the gas turbine portion (2) within the
turbine device (33) is chosen to be smaller than the number of stages (G)

of the replaced compressor turbine (31), and
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wherein the number of stages (S) within the steam turbine portion (4) is
larger than the number of gas turbine portion (2) stages (G) comprised
within the turbine device (33).

. A method according to claim 1, wherein the compressor turbine (31)

originally comprises two gas stages (G), and wherein after conversion,
the compressor turbine (33) comprises one gas stage (G) and three
steam stages (S).

. A method according to claim 1 or 2, wherein at least one of the steam

stages are arranged axially in front of the inlet of the gas turbine portion
(2), allowing the inlet pressure of the steam turbine portion (4) to be

higher than the inlet pressure of the gas turbine portion (2).

. A turbine rotor blade (7, 17) for a turbine device (1), which device (1)

comprises

a gas turbine portion (2) and

a concentrically arranged steam turbine portion (4),

characterised by that

the turbine rotor blade (7, 17) comprises channels (101, 103) that are
adapted to lead steam from the steam turbine portion (4) to the gas tur-

bine portion (2) and back to the steam turbine portion (4) within the rotor
blade (7, 17).

. A turbine blade according to claim 4, wherein the channels (101, 103)

comprise at least one outboard channel (101), which extends from the
steam turbine portion (4) to the gas turbine portion (2), and a plurality of
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inboard channels (103), which extend from the gas turbine portion (2) to

the steam turbine portion (4).

6. A turbine stator blade (9, 19) for a turbine device (1), which device (1)

comprises

an outer gas turbine portion (2) and

a concentrically arranged inner steam turbine portion (4), and

a steam generator,

characterised by that

the turbine stator blade (9, 19) comprises a steam channel (201) that is

adapted to lead steam from the steam generator, through the gas turbine

portion (2) and to the steam turbine portion (4).

. A turbine blade (7, 17, 9, 19) for a turbine device (1), which device (1)

comprises

an outer gas turbine portion (2) and

a concentrically arranged inner steam turbine portion (4), and

wherein the steam turbine portion (4) surrounds a hub (205) of the turbine

device (1),

characterised by that
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the turbine blade (7, 17, 9, 19) further comprises an air channel (203) that
is adapted to lead air from the hub (205), through the steam turbine por-
tion (4) and to the gas turbine portion (2).

. A blade according to claim 7, wherein the air channel (203) terminates in

a plurality of slots (209), arranged in the rear edge of the turbine blade.

. A turbine device (1) comprising

a gas turbine portion (2) and

a concentrically arranged steam turbine portion (4), and

steam turbine rotor blades (17) and gas turbine rotor blades (7) which ex-
tend from a turbine hub of the device (1) through the steam turbine por-
tion (4) and through the gas turbine portion (2),

characterised by

a partition wall (301) which separates the gas turbine portion (2) from the

steam turbine portion (4),

wherein the gas turbine rotor blades (7) are attached to the partition wall
(301), so that centrifugal forces caused by the rotation of the hub and thus
the gas turbine rotor blades (7) are partly carried and counter balanced by
the partition wall (301).

10.A turbine device (1) comprising

a gas turbine portion (2) and

a concentrically arranged steam turbine portion 4, and
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steam turbine rotor blades (17) and gas turbine rotor blades (7) which ex-
tend from a turbine hub of the device (1) through the steam turbine por-
tion (4) and through the gas turbine portion (2),

characterised by that

the steam turbine rotor blades (17) and the gas turbine rotor blades (7)
are of different cross-section, whereby the cross-section of the steam tur-
bine rotor blades (17) is optimised for the steam flow in the steam turbine
portion (4) and the cross-section of the gas turbine rotor blades (7) is op-
timised for the gas flow in the gas turbine portion (2).

.A turbine device according to claim 10, wherein each steam turbine rotor

blade (17) is divided into a first and a second rotor blade part (17a, 17b),
whereby a flow-through channel (403) is formed in the rotor blade (17).

12.A turbine device according to claim 10, wherein the steam turbine rotor

blades (17a, 17b, 17c) have a smaller cross-section than the gas turbine
rotor blades (7), allowing the arrangement of more steam turbine rotor
blades (17a, 17b, 17c) than gas turbine rotor blades (7).

13.A method for regulating a turbine engine, which turbine engine comprises

a compressor (45), a combustion chamber (43), a compressor turbine
(31) and a power turbine (41),

wherein the compressor turbine (31) and/or the power turbine (41) is a
turbine device (1) which comprises a gas turbine portion (2) and a con-
centrically arranged steam turbine portion (4) and also rotor blades (7, 17)
and stator blades (9, 19) with fluid channels (13), and
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a steam generator (51), which generates steam for the fluid channels (13)
in order to cool the blades (7, 17, 9, 19) and drive the steam turbine por-
tion (4),

characterised by that

during start-up, i.e. before the steam generator (51) supplies sufficient
steam for cooling the blades (7, 17, 9, 19), compressed air from the com-
pressor (45) is led to the blades (7, 17, 9, 19) of the turbine device (1), in

order to prevent overheating.

14.A method according to the pre-characterising portion of claim 13,

characterised by that

during shut-down, the steam supply to the steam turbine portion (4) of the
turbine device (1) is interrupted to prevent turbine overspeed, and a rela-
tively small amount of air is led from the compressor (45) to the steam
turbine portion (4) of the turbine device (1) to prevent overeating.
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