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(57) A low-pressure turbine and a steam power plant
with a low-pressure turbine (1) is suggested that is con-
nected to an additional condensing system (25), thus al-
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lowing to maintain the electric output at a high level, even
if the main condensing system (17) has a reduced ca-
pacity due to cooling water restrictions.
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Description

[0001] The claimed invention is related to a low-pres-
sure steam turbine and a steam power plant comprising
a low-pressure steam turbine that is connected to a con-
densing system. From US 2005/0063821 A1 an example
for such a steam power plant is known. Figure 1 of this
publication and its description explain in detail the proc-
ess of a steam power plant. For this reason, the expla-
nation of the process of producing electricity by means
of a steam power plant is incorporated by reference into
this application.

[0002] In existing designs of low-pressure turbines the
steam exhaust at the end of the steam path is typically
connected to a singular heat sink for every exhaust hood
where the condensing process takes place. This solution
is appropriate when the power plant is being operated
as per the original design parameters and sufficient cool-
ing capacity for condensing the steam is available.
[0003] Today there is a growing need to adapt the op-
erating regime of existing power plants to changing
boundary conditions, resulting from e.g. climate change
or environmental restrictions. Especially seasonal re-
stricted water supply and a shortage in cooling water
make-up resulting thereof, has led for power plants to
forced load reductions.

[0004] When the capacity of the existing condensing
process is not sufficient because of insufficient flow of
make-up water, an additional condensing system has to
be implemented to handle the entropy flow when the pow-
er output shall not be reduced.

[0005] The additional cooling system could be installed
either into the existing cooling water cycle or could di-
rectly be connected to the water steam cycle.

[0006] Shall the existing system be off loaded, techni-
cally only a system will be suitable, that is operating at
the same or a lower condensing pressure, compared to
the existing system. This means, that it ought to be op-
erated with a working medium, that is cooler than the
existing cooling water system or with a very small cooling
range.

[0007] Very often the arrangement of the second con-
denser is very challenging, because of insufficient space
next to the existing condenser.

Description of the invention

[0008] Consequently, it is an object of the claimed in-
vention to provide a low-pressure turbine and a steam
power plant with an optimized cold end of the steam tur-
bine resulting in an unload of the existing condenser and
in enabling the power plant to maintain a high electricity
output, even if the cooling capacity of the regular con-
denser is of restricted capability due to shortage of cool-
ing water.

[0009] A further object of the invention is to reduce the
cooling water consumption of the first condensing sys-
tem.
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[0010] These objects are achieved by a low-pressure
turbine of a steam power plant comprising an inner casing
and an exhaust hood, wherein the exhaust hood is con-
nected to a condenser, by providing at least one further
steam outlet allowing to supply the expanded steam from
inside the exhaust hood to a second condensing system,
thereby reducing the cooling load of the first condenser.
[0011] The claimed low-pressure turbine is connected
to two condensing systems. One of them is the "regular”
or main condensing system that is more or less directly
connected to the exhaust hood of the low-pressure tur-
bine. The second or additional condensing system is al-
most certainly a dry cooling system.

[0012] This arrangement improves the operation flex-
ibility of the steam power plant, since for example in sum-
mer, when the ambient temperature is high and only a
small amount of cooling water is available, the second
condensing system can be activated and consequently
the electricity output of the steam power plant is not re-
duced, although only a small amount of cooling water is
available. As soon as sufficient make-up water for the
condensing system is available, the additional condens-
ing system can be taken out of service and the plant can
return to its original operating parameters.

[0013] A main advantage of the low-pressure turbine
according to claim 1 is that, since the exhaust hood nor-
mally is a welded construction, the retrofit of an already
installed low-pressure turbine is possible. This retrofit
comprises adding a further exhaust steam opening for
example in the upper shell of the exhaust hood and con-
nect this further exhaust steam opening with the addi-
tional condensing system.

[0014] A further advantageous embodiment of this
low-pressure turbine is characterized in that the inner
casing of the low-pressure turbine comprises at least one
extraction point for steam. This means the claimed low-
pressure turbine may be used as a bleeding turbine, a
tapped turbine or an extraction turbine.

[0015] Theclaimedinventionisalsoachieved by alow-
pressure turbine of a steam power plant, comprising an
inner casing and an exhaust hood, wherein the inner cas-
ing comprises at least one extraction point for steam,
characterized in that at least one extraction point is con-
nected to a second condensing system. This arrange-
ment allows the use of at least one steam extraction point
of the low-pressure turbine to extract some of the partially
expanded steam at a pressure of approximately 200
mbar to 1000 mbar and condense this extracted steam
in the additional condensing system. Consequently, the
main condensing system is relieved and the cooling wa-
ter demand of the main condenser is reduced.

[0016] To control the amount of steam that is con-
densed in the second condensing system between the
further exhaust steam opening in the exhaust hood
and/or the atleast one extraction point of the inner casing
a control valve and/or a non-return valve is installed.
[0017] A further main advantage of the low-pressure
turbine according to claim 3 consists in the fact that an
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existing extraction point can alternatively be used for ex-
tracting steam for heating purposes or to reduce the cool-
ing load of the main condensing system - for example in
summer when no heat requirements exist - by exhausting
steam and having this extracted steam condensed in a
second condensing system.

[0018] These advantages can also be realized with the
steam power plants according to claim 5 or 6. Further
advantages are disclosed in the drawings, their descrip-
tions and the claims.

Drawings

[0019] The drawings show

Figure 1  an embodiment of a claimed low-pressure
turbine with one further exhaust steam open-
ing,

figure 2 a second embodiment with a single-line ex-
haust steam duct connection,

figure 3 a low-pressure turbine with a double-line ex-
haust steam duct connection,

figure 4 a block diagram of a steam power plant with
a low-pressure steam turbine, a main con-
densing system and an additional condens-
ing system with a single-line axial exhaust
steam duct connection and

figure 5 a low-pressure turbine using two extraction

points of the inner casing for extraction of
steam to the additional condensing system.

Description of the embodiments

[0020] Figure 1 shows a first embodiment of a claimed
low-pressure steam turbine 1, comprising aninner casing
3 that is often made of cast iron. Inside the partially cut
away inner casing 3 is arotor 5 can be seen. The exhaust
hood 7 may comprise an upper shell assembly 7.1 and
a lower-base shell assembly 7.2. The lower-base shell
assembly 7.2 is open at its bottom and connected to a
low-pressure (LP) exhaust 9. Since the main condensing
system is not part of the claimed invention, no details of
the main condensing system are shown in figure 1.

[0021] As can be seen from figure 1, the exhaust hood
7 with its upper shell assembly 7.1 and its lower-base
shell assembly 7.2 is a welded construction. The claimed
low-pressure steam turbine has at least one exhaust
steam opening 11 for example in the upper shell assem-
bly 7.1. This exhaust steam opening 11 is connected with
a radial exhaust steam duct line 13. This radial exhaust
steam duct connection 13 is connected to an additional
or second condensing system (not shown in figure 1).
Consequently, it is possible to condense the LP- steam
from the turbine either in the main condensing system or
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inthe additional condensing system. This flexibility is very
advantageous, in case the main condensing system 9
has to be operated under certain restrictions for example
a reduced cooling water supply. This being the case a
part of the steam exhausted by the low-pressure turbine
1 can be condensed in the additional condensing system
resulting in a load reduction of the main condensing sys-
tem. Consequently, the electricity generation of the
steam power plant can be maintained at a high level,
even if the main condenser 9 operates at a reduced per-
formance.

[0022] Since the exhaust hood 7 is a welded construc-
tion, it is possible to install the exhaust steam duct 13 at
existing exhaust hoods by opening the exhaust hood 7
for a further exhaust steam opening 11 and to weld the
additional exhaust steam duct connection 13 onto for ex-
ample the upper shell assembly 7.1. This means that the
claimed invention can be realized not only in new designs
and constructions of low-pressure steam turbines, but is
a retrofit-solution for existing steam power plants, that
may lead to an equal or improved electricity output, even
if the capacity of the main condensing system is reduced
due to cooling water restrictions.

[0023] Figure 2 shows a rather similar embodiment of
the claimed invention. The main difference between the
embodiments of figures 1 and 2 is that the exhaust steam
ductis notradial, but axial compared to the axis of rotation
of the rotor 5.

[0024] The third embodiment of the claimed invention
shown in figure 3 comprises a double-line axial exhaust
steam duct connection 30. The third embodiment shows
a double-line’ axial exhaust steam duct connection 13.
Consequently, the exhaust hood 7 comprises two ex-
haust steam openings, from which only one (cf. reference
no. 11.1) can be seen.

[0025] By looking at the three embodiments shown in
figure 1, 2 and 3 it is apparent that the exhaust steam
openings 11 and the exhaust steam ducts 13 can be ar-
ranged in several positions, depending on the space that
is available and the amount of low-pressure steam that
has to be extracted via the exhaust steam openings 11
and the capacity of the additional condenser. This means
that the embodiments shown in figures 1 to 3 are suitable
for retrofit of existing low-pressure turbines.

[0026] A comparable effect can be achieved by using
the extracting points at the inner casing 3 of a low-pres-
sure steam turbine and leading the steam extracted from
this extraction point to an additional condensing system.
This embodiment does not need any alterations concern-
ing the low-pressure steam turbine, if such an extraction
point is already existing. For this reason, no embodiment
of this type of low-pressure turbine is shown.

[0027] The airtightinterface 11, 13, 27 and 29 between
the existing turbine 1 and the retrofitted additional con-
densing system 25, may be operated at the same or a
different pressure level than the existing main condens-
ing system 17.

[0028] Figure 4 is a schematic illustration of an em-
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bodiment of the claimed invention configured to supply
energy to a power grid. In this exemplary embodiment,
the power plant is a multi-pressure single-shaft power
plant and includes a steam turbine assembly and a gen-
erator. The generator is not shown in figure 4 as well as
the high-pressure and the intermediate-pressure tur-
bines of the steam turbine assembly. In figure 4 only the
low-pressure steam turbine 1 is shown. Itis supplied with
low-pressure steam by an overflow pipe 15. This overflow
pipe 15 connects the intermediate pressure turbine (not
shown) with the low-pressure steam turbine 1. The low-
pressure steam turbine consists of an inner casing 3 and
exhaust hood 7 that is connected via the low-pressure
exhaust 9 with a main condensing system 17.

[0029] The main condensing system 17 may be of the
surface condenser-type that is connected to the cooling
water pipes 18 with a cooling system, preferably a wet
cooling system, for example a cooling tower. Down-
stream of the main condensing system 17 are several
condensate pumps 21 that deliver the condensed steam
to a condensate pipe 23.

[0030] Referring again to the low-pressure steam tur-
bine 1, even from the block diagram it can be seen that
the turbine is supplied with steam by the overflow pipe
15 thatis connected to the inner casing 3. After expansion
of the steam in the low-pressure turbine 1 the steam with
a pressure of approximately 0,03 bar to 0,06 bar, enters
the exhaust hood 7 and under normal ambient and op-
erating conditions leaves the exhaust 7 hood via the low-
pressure exhaust 9 into the main condensing system 17.
[0031] In addition to that main condensing system 17
an additional condensing system 25 is provided. The jet
condenser of the additional condensing system 25 is con-
nected to the exhaust hood 7 by means of the exhaust
steam duct 13. Between the additional condensing sys-
tem 25 and the exhaust hood 7 there is a control valve
27 and a backflow-valve 29. The control valve 27 may
be of the butterfly valve-type and is airtight, if closed.
[0032] The jet condenser of the additional condensing
system 25 is preferably connected to a dry cooling sys-
tem, because the main reason for installing the additional
condensing system 25 is the shortage of cooling water
for the wet cooling system of the main condensing system
17. Therefore, in most cases it does not make sense to
connect the additional condensing system 25 with a sec-
ond wet cooling system. This may make sense, if there
is a second heat sink with different temperature and pres-
sure levels and/or different purity of the cooling water and
therefore under some operating conditions this heat sink
cannot be used for the main condensing system 17.
[0033] The jet condenser 25 is connected to conden-
sate pumps 31 and cooling water pumps 33. The con-
densate pumps 31 deliver the condensed water into the
second condensate pipe 35, which is connected to the
first condensate pipe 33. This connection is not shown
in figure 4. The additional condensing system 25 is sup-
plied with cold cooling water via cooling water pipe 37.1.
The warm cooling water is delivered to the (dry) cooling
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system (not shown) of the additional condensing system
25 via cooling water pipe 37.2.

[0034] As can be seen from figure 4, by opening the
exhaust hood 7 and connecting an additional exhaust
steam duct 13 and installing an additional condensing
system 25, it is possible to relieve the load of the main
condensing system 17 without reducing the steam flow
through the steam power plant and consequently without
reducing the electric output of the steam power plant.
[0035] Since the only connection between the addi-
tional condensing system 25 and the steam power plant,
merely no restrictions with regard to space available, and
the place where the exhaust steam duct 13 is attached
to the exhaust hood 7 exist. This means that the claimed
concept can be realized even under difficult conditions,
as far as the available space is concerned. Since the
exhaust hood 7 is normally a welded construction, it is
also possible to install the additional condensing system
25 and the exhaust steam duct 13 as a retrofit or upgrad-
ing of existing steam power plants.

[0036] Infigure 5 a slightly different embodiment of the
claimed invention is shown. The reference numbers are
similar, if similar components are concerned. As can be
seen from figure 5, the inner casing 3 of the low-pressure
turbine 1 has two extraction points 39 for steam that is
not expanded completely. This being embodiment re-
quires modifications of the inner casing and the outer
casing/the exhaust hood 7.

[0037] The completely expanded steam will be deliv-
ered to the main condensing system 17 via the low-pres-
sure exhaust 9. In case the capability of the main con-
densing system 17 is reduced, for example due to cooling
water restrictions, a part of the steam that enters the tur-
bine via the overflow pipe 15 can be extracted from the
low-pressure turbine 1 via the extracting points 39 and
fed into the exhaust steam duct 13.

[0038] Similartothe embodiment shown in figure 4 this
steam is condensed in the additional condensing system
25 and fed via the second condensate pipe 35 into water/
steam circuit of the steam power plant. In this case the
pressure of the steam that flows through the exhaust
steam duct 13 is higher than the pressure of the com-
pletely expanded steam that flows through the low-pres-
sure exhaust 9 into the main condensing system 17. This
means that the condensing temperature in the additional
condensing system 25 is higher than in the main con-
densing system 17. This allows to use a heat sink for the
additional condensing system that has a higher temper-
ature than the heat sink for the main condensing system
17. Therefore, in some cases itis possible to use not only
adry cooling system, but also a wet cooling system using
a different heat sink for the additional condensing system
25. Also in this case the flexibility with regard to the con-
nection of the additional condensing system is rather
high. In case low-pressure turbine already is equipped
with the extraction points 39, the exhaust steam duct 13
is necessary to connect the LP-turbine with the additional
condensing system.
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[0039] Incasethelow-pressureturbineis notequipped
with extraction points, the inner casing 3 and the outer
casing 7 have to be modified by installing extraction
points 39 and one or more openings 11 for the steam
duct 13.

[0040] The flexibility of the claimed invention is rather
high for the following reasons:

[0041] The pressure stage, to which the additional heat
sink shall be connected, will be chosen considering re-
quirements of the individual power station.

[0042] Withthe load reduction of the existing condens-
er, it is also possible to maximize the power output with
a limited consumption of cooling water make up.

[0043] When the target is to reduce the cooling water
consumption, the additional cooling system connected
to atleastone LP cylinder will be of non-evaporating type.
The main benefit in this context would be, that an addi-
tional condensing system would allow to override existing
load restrictions for a certain cooling water consumption.
[0044] The described solution maintains, or even im-
proves the operation flexibility of the plant. The additional
condensing system 25 can be taken out of service without
compromising the plant performance compared to the
status prior to the modification. E.g. when sufficient
make-up water for the main condensing system is avail-
able, the additional condensing system could be taken
out of service and the plant would return to its original
operating parameters.

[0045] When the LP - turbine 1 should be chocked or
not sufficient condensing capacity should be available,
the total MW output level could even be increased when
more condensing capacity is made available.

[0046] The pressure stage, to which the additional heat
sink is connected, could be chosen freely which allows
optimizing the cost-benefit ratio, since the required heat
exchanger surface is reduced with higher extraction pres-
sure.

[0047] With the upper shell assembly 7.1 being pre-
viewed as terminal point of the exhaust steam duct 13,
usually there is enough space available for the steam
duct routing. The connected exhaust steam duct 13 can
be designed according to the environmental require-
ments taking into consideration pressure loss minimiza-
tion.

[0048] In order to facilitate the necessary connection
for the steam duct 13, in essence only the modification
of the top half inner casing 3 will be necessary, when an
existing extraction pressure stage is used. In some cases
it is necessary to modify the top and the bottom half of
the inner casing 3, since for condensating purposes more
steam is extracted from the turbine than for conventional
use of the extracted steam, for example for heating pur-
poses.

[0049] Shouldthe LP-exhaustbe connected tothe new
heat sink, only a modification to the outer casing will be
required.

[0050] With anappropriate steam ducting the addition-
al condensing system 25 may be connected with one or
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more LP -turbines 1. The condenser technology of the
additional condensing system 25 can follow all possible
functional principles but will almost certainly have to have
a non-evaporative heat sink, when the purpose is to re-
duce the cooling water consumption.

[0051] The additional condensing system 25 could be
placed in any location, but preferably close to the LP-
turbine 1 to keep pressure losses in the steam ducts low.
[0052] The condensate as it is produced in the addi-
tional condensing system 25, will be fed back into the
existing water steam cycle at the appropriate tapping
point.

[0053] The interconnection of the LP-turbine and the
new heat sink can be carried out in multiple ways and
will depend on the space situation of the individual site
as well as on the pressure level, where steam shall be
extracted.

[0054] The figures are demonstrating the flexibility of
the proposed solution with regard to the implementation
of the additional suction line and condensing system.
[0055] Itis also possible to choose from different ex-
traction pressure levels.

[0056] Ingeneral the steam duct can be optimized and
designed to the best economic and thermodynamic pa-
rameters with the boundary conditions of the individual
project.

[0057] The described system consists of the following
main components:

*  Modified exhaust casing with and without a modifi-
cation to the inner casing

*  Steam exhaust duct

e Compensation elements

e Air tight connection to exhaust casing

e Control butterfly valve (air tight when closed)

e Non-return valve and

* Condensate extraction line

[0058] As shown in figures 1-6 above the claim in-
cludes the installation of any kind of additional heat sink
to the low-pressure turbine (exhaust or extraction)., , e.g.
evaporative -, non-evaporative cooling, once through
cooling, etc. with the appropriate condenser, e.g. surface
tube condenser, jet condenser, air cooled condenser,
etc..

Claims

1. Low-pressure turbine (1) of a steam power plant
comprising an inner casing (3) and an exhaust hood
(7), wherein the outer casing (7) is connected to a
main condensing system (17), characterized in,
that the exhaust hood (7) comprises at least one
further exhaust steam-opening (11) that is connect-
ed to an additional condensing system (25).

2. Low-pressure turbine (1) according to claim 1, char-
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acterized in, that the inner casing (3) comprises at
least one extraction point (39) for steam condensa-
tion enthalpy emission.

Low-pressure turbine (1) of a steam power plant
comprising an inner casing (3), wherein the inner
casing (3) comprises at least one extraction point
(39) for steam, characterized in, that at least one
extraction point (39) is connected to an additional
condensing system (25).

Low-pressure turbine (1) according to claim 3, char-
acterized in, that an exhaust hood (7) is connected
to main condensing system (17).

Low-pressure turbine (1) according to one of the
foregoing claims, characterized in, that down-
stream of the at least one further exhaust steam-
opening (11) and/or downstream of the at least one
extraction point (39) and upstream of the additional
condensing system (25) a control valve (27), prefer-
ably a butterfly valve, and/or a non-return valve (29)
is installed.

Steam power plant with a low-pressure turbine (1)
and a main condensing system (17), characterized
in, thatthe low-pressure turbine (1) is alow-pressure
turbine according to one of the foregoing claims and
that the steam power plant comprises an additional
condensing system (25).

Steam power according to claim 6, characterized
in, that the second condensing system (25) is of
evaporative cooling, non-evaporative cooling and/or
once through cooling type.
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