Office de la Propriete Canadian CA 2482102 A1 2003/10/23

Intellectuell Intellectual P
du Canada_ Office T ey 2 482 102
g,rngags?;‘:g:na " ﬁgﬁgtf;%yaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2003/04/09 (51) Cl.Int.”/Int.Cl.Y FO1K 23/10

(87) Date publication PCT/PCT Publication Date: 2003/10/23 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2004/10/03 OUWERKERK, HENK, NL
o ST . (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: NL 2003/00027 1 OUWERKERK. HENK NL
(87) N° publication PCT/PCT Publication No.: 2003/087/543
o o (74) Agent: SIM & MCBURNEY
(30) Priorité/Priority: 2002/04/10 (1020350) NL

(54) Titre : INSTALLATION DE TURBINE A VAPEUR ET A GAZ
(54) Title: STEAM AND GAS TURBINE INSTALLATION

3b

N Oms B G W Py AN N S BN gy e Wl G By me e AP BN O mm o wmk A B W ER S an AP gu mp e B W we A G R o A A N Wy R A e A

- A v NI SN gy g S B Sy aw AP ES B O ge A B B My S s i EE ge Ay B e =, o

-'-d------------ﬂ--------—-x -----------------------------------------

(57) Abréegée/Abstract:

Steam and gas turbine Installation comprising a gas turbine unit (A) and a steam turbine unit (B), in which the gas turbine unit (A) Is
built up In part of at least : a gas compressor (1) mounted on a compressor shaft, a combustion chamber (2) and a gas turbine (3)
mounted on a gas turbine shaft; and in which steam turbine unit (B) Is built up in part of : a closed steam line, at least comprising : a
pump (/) , a steam generator (8), which Is In heat-exchanging contact with combustion gases from the gas turbine during
operation, a steam turbine (9) mounted on a steam turbine shaft, as well as a condenser (11). The steam and gas turbine

Installation according to the invention Is characterized in that the steam turbine (9) drives the gas compressor (1) of the gas turbine
unit during operation.
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(57) Abstract: Steam and gas turbine installation comprising a gas turbine unit (A) and a steam turbine unit (B), in which the gas
turbine unit (A) is built up in part of at least : a gas compressor (1) mounted on a compressor shaft, a combustion chamber (2) and a
gas turbine (3) mounted on a gas turbine shaft; and in which steam turbine unit (B) is built up in part of : a closed steam line, at least
comprising : a pump (7) , a steam generator (&), which is in heat-exchanging contact with combustion gases from the gas turbine
during operation, a steam turbine (9) mounted on a steam turbine shaft, as well as a condenser (11). The steam and gas turbine
installation according to the invention is characterized in that the steam turbine (9) drives the gas compressor (1) of the gas turbine
unit during operation.
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Steam and gas turbine installation.

DESCRIPTION

The invention relates to a steam and gas turbine
installation comprising a gas turbine unit (A) and a steam turbine unit
(B), in which the gas turbine unit (A) is built up in part of at least: a
gas compressor mounted on a compressor shaft, a combustion chamber and a
gas turbine mounted on a gas turbine shaft; and
in which steam turbine unit (B) is built up in part of: a closed steam
line, at Tedst comprising: a pump, a steam generator, which is in heat-
exchanging contact with combustion gases from the gas turbine during
operation, a steam turbine mounted on a steam turbine shaft, as well as a
condenser.

Steam and gas turbine installations are generally known,
and they are used for industrial purposes in various configurations
thereof. An example of a steam and gas turbine installation as referred
to in the introduction is disclosed in, for example, US patent No US-Bl-
6,223,518. Such steam and gas turbine installations can be classified
into two types, viz. the multi-shaft types and the single-shaft types.

A known multi-shaft variant of a steam and gas turbine
installation is shown in the appended Figure 1, for example, in which the
installation is built up of a gas turbine unit (A) and a steam turbine
unit (B), with the gas turbine unit (A) being built up of at least a gas
compressor 1, which is mounted on a gas compressor shaft 4, a combustion
chamber 2 and a gas turbine 3 mounted on a gas turbine shaft 5. The gas
compressor 1 draws in air via the inlet la, which air is carried to the
combustion chamber 2 in compressed form by the gas compressor 1 via the
outlet 1b. In the combustion chamber, combustion of said compressed air
and fuel being supplied via the inlet 2a takes place, after which the
combustion gases exit the combustion chamber 2 and subsequently enter the

gas turbine 3 via the outlet 3a. The combustion gases drive the gas
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turbine 3, causing said gas turbine 3 to rotate jointly with the gas
turbine shaft 5 and thus drive a load, which Toad is indicated at 12 1in
Figure 1.

The gas compressor 1 and the gas turbine 3 are mounted on
the same shaft 4, 5 in this steam and gas turbine installation. This
means that the gas turbine 3, which is driven by the combustion gases,
also drives the gas compressor 1 for compressing the air being drawn in
via the inlet la.

The steam turbine unit (B) of the known the steam and gas
turbine installation that is shown in Figure 1 1is made up of a short-
circuited steam line 6, in which a pump 7 is mounted. A steam generator 8
is furthermore incorporated in the steam line 6, and the steam line 6 1s
in heat-exchanging contact with combustion gases 3b from the gas turbine
3. Thus, the water passing through the steam generator 8 and the steam
line 6 is heated into steam, which steam is passed through the steam
turbine 9 mounted on a steam turbine shaft 10. This enables the steam
turbine 9 and the steam turbine shatt 10 to drive another load 13. The
steam exits the steam turbine 9 via a condenser 11, where the steam cools
down and condenses. The pump 7 subsequently pumps the condensed and
cooled-down steam (water) in the direction of the steam generator &8
again.

In this multi-shaft version of the prior art steam and gas
turbine installation, the residual heat (3b) generated by the gas turbine
3 is used as power for driving the steam turbine 9 and the additional
load 13. On the other hand, it is possible to throw the steam turbine 9
out of action in the case of a multi-shaft installation, so that the only
power being delivered is the power that is delivered by the gas turbine
3.

Another embodiment of a known steam and gas turbine

installations is the so-called single-shaft variant, an embodiment of

which is shown in the appended Figure 2. In this Figure, parts that
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correspond to parts that are shown in the embodiment of Figure 1 are
indicated by the same numeral.

The single-shaft variant and the multi-shaft variant of
Figure 1 have the same components, with the gas compressor 1, the gas
turbine 3, the steam turbine 9 and the load 12 to be driven being mounted
on the same shaft 4, 5, 10 in the single-shaft variant. In contrast to
the embodiment of Figure 1, the steam turbine 9 of a single-shaft variant
cannot be separately operated or thrown out of action without using a
coupling, by means of which the steam turbine 9 can be uncoupled from the
gas turbine 3 and the gas compressor 1. However, these additional parts
make the single-shaft variant more expensive and more complicated.

Single-shaft steam and gas turbine installations as shown
in Figure 2 and as disclosed in the aforesaid US patent US-B1-6,223,518
are used in applications in which the full power output is to be
transmitted to a single shaft. One drawback of the single-shaft steam and
gas turbine installation is the fact that at Teast the load 12 and/or the
steam turbine 9 must be uncoupled from the shaft upon starting up the
installation as a whole, because otherwise an additional external boiler
is needed for bringing the installation as a whole up to speed. It is
this aspect, too, that renders such a single-shaft installation more
complicated and more expensive.

The above variants of known steam and gas turbine
installations are relatively complicated and have a number of
constructional drawbacks and limitations as regards the transmission of
the generated power to a load, as a consequence of which also the overall
efficiency of such installations is limited.

A multi-shaft steam and gas turbine installation does not
comprise a mechanical coupling between the steam turbine and the gas
turbine, it is true, but the generated power of the overall installation
is distributed over two outgoing shafts and consequently over two

different loads. The single-shaft variant does comprise a mechanical
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coupling between the steam turbine and the gas turbine, and all the power
is transmitted to the load to be driven via one shaft.

The object of the present invention is to provide a steam
and gas turbine installation as referred to in the introduction that does
not have the drawbacks of the multi-shaft and single-shaft variants. More
in particular, it is an object of the invention to provide a steam and
gas turbine installations of simple construction, which does not comprise
all kinds of complicated additional parts.

In accordance with the invention, the steam and gas turbine
installation according to the invention is characterized in that the
steam turbine drives the gas compressor of the gas turbine unit during
operation. More in particular, the steam turbine and the gas compressor
are mounted on the same shaft.

This makes it possible to transmit the power that is
generated in this steam turbine unit (B) to the gas turbine via the gas
compressor, so that virtually all the power generated by the installation
as a whole is transmitted to one shaft via the gas turbine. Furthermore,
the utilization of the residual heat from the gas turbine in the steam
turbine cycle leads to a higher efficiency. Since all the power that is
generated is transmitted to one shaft or load, the overall
performance/efficiency of the installation as a whole s thus
significantly improved. In addition to that, the installation does not
comprise a mechanical coupling between the steam turbine and the gas
turbine, because the gas turbine is not mounted on the same shaft as the
gas compressor. Thus it is no longer necessary to use an additional
uncoupling mechanism, which would only render the device more complicated
and more expensive. In addition to that, the steam and gas turbine
installation according to the invention are thus characterized by an
improved load characteristic in comparison with the embodiments that are
already known.

A special embodiment of the steam and gas turbine
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installation is according to the invention characterized in that the
steam turbine drives at least one further gas compressor, which is
connected in series with the first gas compressor via an intercooler. The
efficiency of the gas turbine unit (A) can be further improved by
providing a second gas compressor Or more gas COmMPressors.

A more efficient embodiment of the steam and gas turbine
installation is characterized in that at Teast one further steam turbine
is connected in series with the steam turbine. In order to obtain a
compact construction, the gas compressors and the steam turbines are
mounted on the same shaft. On the other hand, one gas compressor and one
steam turbine may be mounted on a respective common shaft.

The efficiency of the steam turbine unit can be further
improved in that, in the specific embodiment according to the invention,
the water flowing through the steam line is 1in heat-exchanging contact
during operation with the air flowing through the intercooler. More 1in
particular, said heat-exchanging contact takes place according to the
uniflow principle or according to the counterflow principle.

In other embodiments of the steam and gas turbine
installation according to the invention, the steam turbines may be
impulse steam turbines or radial steam turbines, the gas turbines may be
centrifugal gas compressors or axial gas compressors, and the steam
generator may be a once-through residual heat boiler.

The invention will now be explained in more detail with
refereﬁce to a drawing, in which:

Figure 1 shows an embodiment of a multi-shaft steam and gas
turbine installation according to prior art;

Figure 2 shows another embodiment of a single-shaft steam
and gas turbine installation according to the prior art; and

Figures 3-9 show various embodiments of the steam and gas
turbine installation according to the invention.

In the discussion of the embodiments of Figures 3-9, the
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same numerals will be used as for corresponding parts of the embodiments
as shown in Figures 1 and 2.

In the embodiment of a steam and gas turbine installation
according to the invention that is shown in Figure 3, the gas compressor
1 is mounted on one shaft 4, 10 together with the steam turbine 9. With
this configuration of a steam and gas turbine installation according to
the invention, the power generated by the steam turbine unit (B) is
transmitted to the gas turbine 3 via the shaft 4, 10 and the gas
compressor 1, so that all the power generated by this 1'nst'a11at'ion is
transmitted to one shaft 5 for driving the load 12.

According to the invention, the steam turbine 9 1is an
impulse steam turbine. Such impulse steam turbines are of very robust,
compact and economic construction, and it has become apparent that they
are very suitable from a technical viewpoint for use on the scale for
which the invention is intended. Furthermore, such steam turbines are
characterized by a more efficient conversion of the power to a load via
the gas turbine. This leads to a significant improvement as regards the
overall performance/efficiency of the installation as a whole.

A characterising feature of the steam and gas turbine
installation is the mechanical separation between the gas compressor 1
and the gas turbine 3, now that the two parts, unlike the embodiments
that are shown in Figures 1 and 2 (prior art), are not mounted on the
same shaft 4, 5. As a result of this mechanical separation between the
gas compressor one and the gas turbine 3, it is no longer necessary to
use additional, complicated coupling mechanisms.

Another, more efficient embodiment of the steam and gas
turbine installation is shown in Figure 4, in which an additional gas
compressor 1' is mounted on the common shaft 4, 10 of the gas compressor
1 and the steam turbine 9. The air to be compressed is carried to the
second gas compressor 1 via the inlet la, the first gas compressor 1' and

an intercooler 14, after which the air is carried to the combustion
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chamber 2 via the pipe 1b. The multi-stage compression with intercooling
of the air to be supplied enables a significant improvement of the
efficiency of the installation. Although two gas compressors 1-1" are
mounted on the shaft 4, 10 in Figure 4, it will be understood that
several, series-connected gas compressors may be mounted on the same
shaft 4, 10.

Figure 5 shows a special embodiment of the steam and gas
turbine installation according to the invention that is shown in Figure
4. In said Figure 5, the intercooler is incorporated in the steam line 6
of the steam turbine unit (B), so that the condensed steam (water) from
the condenser 11 comes into heat-exchanging contact with compressed air
from the multi-stage gas compression combination 1'-1 that flows through
the intercooler. The steam flowing through the steam line 6 and the air
flowing through the gas compressors 1'-1 are in counterflow with each
other; the heat exchange may also take place according to the uniflow
principle, however.

The embodiment of Figure 6 is substantially identical to
the embodiment that is shown in Figure 4, with this difference that an
additional steam turbine 9' 1is mounted on the shaft 4,10 1in the
embodiment of Figure 6, which steam turbine 9' is connected in series
with the steam turbine 9. Al1 the gas compressors 1, 1' and the steam
turbines 9, 9' are mounted on the same shaft 4, 10.

Figure 7 shows a combination of the embodiments of Figures
5 and 6.

In Figure 8, each gas compressor 1-1' and each steam
turbine 9-9' is mounted on a separate shaft (4, 10; 15, 16). Although
this 1is not shown 1’ﬁ the Figure, the intercooler 14 may be positioned
between the series-connected gas compressors 1-1' (analogously to Figure
4). Analogously to the embodiment of Figure 7, this embodiment may be
extended with the intercooler, which is incorporated in the steam line 6

from the steam turbine unit (B), in which the condensed steam (water)
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from the condenser 11 comes into heat-exchanging contact with the
compressed air from the multi-stage gas compression combination 1'-1,
which flows through the intercooler.

In Figure 9, several steam turbine and gas compressor units
are connected 1in parallel. This embodiment 1is in particular very
functional in those cases in which impulse steam turbines are combined
with compressors, and more in particular with centrifugal compressors.
The impulse steam turbines are of robust and durable construction, it is
true, and inexpensive as regards their manufacture, but they are only
available up to a specific output level. The installation as a whole can
be significantly upgraded as regards the output thereof by connecting
several impulse steam turbines 9, each combined with a (centrifugal)
steam compressor 1 mounted on a separate shaft 4, 10, in parallel with
one large combustion chamber 2 and one large gas turbine 3, as disclosed
in Figure 9.

This makes it possible to wuse the installation for
applications that were previously unattainable because of the technical
limitations of the available components.

Likewise, the number of gas compressors and steam turbines
may be extended to a number of components greater than two, analogously
to the embodiments as shown in Figures 4-9.

It will be apparent that the illustrated embodiments of the
steam and gas turbine installations according to the invention make it
possible, by mechanically separating the gas compressor and the gas
turbine and having the steam turbine drive the gas compressor, to obtain
an installation exhibiting an improved load characteristic in comparison
with the known steam and gas turbine devices, without using all kinds of
mechanical coupling mechanisms, in which the power generated by the
installation is transmitted in its entirety to one outgoing shaft for
driving a load.

Characteristic of all the illustrated embodiments is the
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fact that when the gas turbine or the load is put out of operation in use
(i.e. during active operation of combustion chamber 2), the gas
compressor is driven via the steam turbine 9 at all times, so that the
gas turbine can be put into operation quickly again. The gas turbine can
be quickly brought up to speed again when using a continuously driven gas
compressor. Only the steam turbine that drives the gas compressor needs
to be run up for starting up the installation. As soon as the gas
compressor delivers pressure, the free gas turbine can run up the load
from standstill without having to uncouple the 1bad.

Furthermore, the heat-excﬁanging contact between“the steam
generator 8 and the combustion gases 3b from the gas turbine 3 can take

place according to the uniflow principle or according to the counterflow

principle.
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CLAIMS
1. A steam and gas turbine installation comprising a gas

turbine unit (A) and a steam turbine unit (B), in which the gas turbine
unit (A) is built up in part of at least:

- a gas compressor mounted on a compressor shaft (4), a
combustion chamber (2) and a gas turbine (3) mounted on a gas turbine
shaft (5); and in which steam turbine unit (B) is built up in part of:

- a closed steam 1ine (6), at least comprising:

a pump (7), a steam generator (8), which is in heat-exchanging contact
with combustion gases (3b) from the gas turbine (3) during operation, a
steam turbine (9) mounted on a steam turbine shaft (10), as well as a
condenser (11), and in which the steam turbine drives the gas compressor
of the gas turbine unit during operation, characterized in that one or
more of said steam turbines is an impulse steam turbine.

2. A steam and gas turbine installation according to claim 1,
characterized in that the steam turbine and the gas compressor are
mounted on the same shaft (4, 10).

3. A steam and gas turbine installation according to claim 1
or 2, characterized in that the gas turbine is mounted on a different
shaft (5) than the gas compressor.

4, A steam and gas turbine installation according to any one
or more of the preceding claims, characterized in that the steam turbine
drives at least one further gas compressor (1'), which is connected in
series with the first gas compressor (1) via an intercooler (14).

5. A steam and gas turbine installation according to any one
or more of the preceding claims, characterized in that at least one
further steam turbine (9') is connected in series with the steam turbine
(9).

6. A steam and gas turbine installation according to claim 4

or 5, characterized in that the gas compressors (1, 1') and the steam
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turbines (9, 9') are mounted on the same shaft (4, 10).

/. A steam and gas turbine installation according to claim 4
or 5, characterized in that one gas compressor (1, 1') and one steam
turbine (9, 9') are mounted on a respective common shaft (4, 10; 15, 16).
8. A steam and gas turbine installation according to any one
or more of the claims 4 - 7, characterized in that the water flowing
through the steam line (6) is in heat-exchanging contact during operation
with the air flowing through the intercooler (14).

9. A steam and gas turbine installation according to claim 8,
characterized in that said heat-exchanging contact takes place according
to the uniflow principle.

10. A steam and gas turbine installation according to claim 9,
characterized in that said heat-exchanging contact takes place according
to the counterflow principle.

11. A steam and gas turbine installation according to any one
or more of the preceding claims, characterized in that one or more of
said steam turbines is a radial steam turbine.

12. A steam and gas turbine installation according to any one
or more of the preceding claims, characterized in that one or more of
said gas compressors is a centrifugal gas compressor.

13. A steam and gas turbine installation according to any one
or more of the preceding claims, characterized in that one or more of
said gas compressors is an axial gas compressor.

14. A steam and gas turbine installation according to any one
or more of the preceding claims, characterized in that said steam

generator is a once-through residual heat boiler.
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