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(54) STEAM TURBINE PLANT

(67)  Providedisasteam turbine plantthatis provided
with: a high and intermediate pressure turbine (21) hav-
ing a high pressure turbine unit (25) at one end in an axial
direction (C) and an intermediate pressure turbine unit
(26) at the other end; low pressure turbines (22, 23) dis-
posed coaxially with the high and intermediate pressure
turbine (21); a high pressure moisture separating heater
(27 (274, 27b)) that removes moisture from steam from
the high pressure turbine unit (25) and sends the steam
to the intermediate pressure turbine unit (26); and a low
pressure moisture separating heater (28 (28a, 28b)) that
removes moisture from the steam from the intermediate
pressure turbine unit (26) and sends the steam to the low
pressure turbines (22, 23). The high pressure moisture
separating heater (27) and the low pressure moisture
separating heater (28) are each disposed symmetrically
with respect to the center line along the axial direction
(C) of the high and intermediate pressure turbine (21),
whereby the structure of the steam turbine plant can be
simplified and equipment cost can be reduced.
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Description
Field
[0001] The presentinvention relates to a steam turbine

plant used for nuclear power plants, thermal power
plants, and the like.

Background

[0002] For example, a nuclear power plant sends
steam generated by a steam generator to a steam tur-
bine, and drives a connected generator to generate elec-
tricity. Generally, a steam turbine includes a high pres-
sure turbine and a low pressure turbine, and steam used
in the high pressure turbine is sent to the low pressure
turbine after the moisture is removed by a moisture sep-
arating heater and the steam is heated. The steam used
in the steam turbine is cooled by a condenser to become
condensate, and the condensate is returned to the steam
generator after being heated by alow pressure feed water
heater, a high pressure feed water heater or the like.
[0003] As a system considering further performance
improvement in such a nuclear power plant, a steam tur-
bine (high pressure turbine, intermediate pressure tur-
bine, and low pressure turbine), generator, high pressure
moisture separating heater, low pressure moisture sep-
arating heater, and the like are disposed in one turbine
building. An example of such a steam turbine plant is
described in the following Patent Literature 1.

Citation List
Patent Literature

[0004] Patent Literature 1: JP S62-218606 A

Summary
Technical Problem

[0005] In a conventional steam turbine plant, in order
to realize a system configuration disclosed in Patent Lit-
erature 1, inthe high pressure moisture separating heater
and the low pressure moisture separating heater, equip-
ment and pipe become large in order to suppress in-
crease in flow velocity of the steam to be processed. For
this reason, the high pressure moisture separating heater
and the low pressure moisture separating heater are gen-
erally disposed at a position separated from the steam
turbine or on a floor a floor level of which is different from
that of the floor on which the steam turbine is disposed.
In this case, there is a problem that a turbine building
increases in size, an equipment cost increases, and
maintainability of the moisture separating heaters is not
good.

[0006] An object ofthe presentinvention is to solve the
above-mentioned problem, and to provide a steam tur-
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bine plantthat achieves simplification of the structure and
reduction of equipment cost.

Solution to Problem

[0007] According to the presentinvention, there is pro-
vided a steam turbine plant comprising: a high and inter-
mediate pressure turbine having a high pressure turbine
unit at one end in an axial direction and an intermediate
pressure turbine unit at the other end; at least one low
pressure turbine disposed coaxially with the high and in-
termediate pressure turbine; at least one high pressure
moisture separator arranged to remove moisture from
steam from the high pressure turbine unit and send the
steam to the intermediate pressure turbine unit; and at
least one low pressure moisture separator arranged to
remove the moisture from the steam from the intermedi-
ate pressure turbine unit and send the steam to the at
least one low pressure turbine, wherein the at least one
high pressure moisture separator and the at least one
low pressure moisture separator are each disposed sym-
metrically with respect to a center line along the axial
direction of the high and intermediate pressure turbine.
[0008] Therefore, bydisposingthe high pressure mois-
ture separator and the low pressure moisture separator
each symmetrically with respect to the center line of the
high and intermediate pressure turbine, the high pressure
moisture separator can be disposed in the vicinity of the
high and intermediate pressure turbine or the low pres-
sure turbine. Thus a pipe length is shortened, the struc-
ture can be simplified, the equipment cost can be re-
duced, and the turbine building can also be downsized.
[0009] According to the present invention, the steam
turbine plant comprises the two high pressure moisture
separators and the two low pressure moisture separa-
tors, wherein the two high pressure moisture separators
are disposed on both sides of the high and intermediate
pressure turbine, the two low pressure moisture separa-
tors are disposed on both sides of the high and interme-
diate pressure turbine, and the two high pressure mois-
ture separators and the two low pressure moisture sep-
arators are disposed in series along the axial direction.
[0010] Therefore, by disposing the two high pressure
moisture separators and the two low pressure moisture
separators in series on both sides of the high and inter-
mediate pressure turbine, it is possible to effectively uti-
lize space in the longitudinal direction of various devices.
[0011] In the steam turbine plant according to the
presentinvention, the atleast one high pressure moisture
separator is disposed on a side opposite to the at least
one low pressure turbine in the axial direction of the high
and intermediate pressure turbine, and the at least one
low pressure moisture separator is disposed on a low
pressure turbine side in the axial direction of the high and
intermediate pressure turbine.

[0012] Therefore, by disposingthe high pressure mois-
ture separator on the high and intermediate pressure tur-
bine side and disposing the low pressure moisture sep-
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arator on the low pressure turbine side, the high pressure
moisture separator is disposed in the vicinity of the high
and intermediate pressure turbine, and the low pressure
moisture separator is disposed in the vicinity of the low
pressure turbine. Thus the pipe length is shortened, the
structure can be simplified, and the equipment cost can
be reduced.

[0013] According to the present invention, the steam
turbine plant comprises the one high pressure moisture
separator and the two low pressure moisture separators,
wherein the one high pressure moisture separator is dis-
posed along the center line on a side opposite to the at
least one low pressure turbine in the axial direction of the
high and intermediate pressure turbine, and the two low
pressure moisture separators are disposed on both sides
of the high and intermediate pressure turbine.

[0014] Therefore, by disposing the one high pressure
moisture separator and the two low pressure moisture
separators along the center line on the high and interme-
diate pressure turbine side and disposing the two low
pressure moisture separators on both sides of the high
and intermediate pressure turbine, it is possible to effec-
tively utilize the space in the longitudinal direction of var-
ious devices.

[0015] In the steam turbine plant according to the
presentinvention, the atleast one high pressure moisture
separator is disposed along a direction intersecting the
axial direction.

[0016] Therefore, by disposing the high pressure mois-
ture separator in a direction intersecting the high and
intermediate pressure turbine and the low pressure tur-
bine, the space in the axial direction can be effectively
utilized, thereby downsizing the turbine building.

[0017] In the steam turbine plant according to the
presentinvention, the atleast one high pressure moisture
separator and the at least one low pressure moisture
separator are disposed on one of a first floor on which
the high and intermediate pressure turbine and the at
least one low pressure turbine are disposed and a second
floor a floor level of which is different from that of the first
floor.

[0018] Therefore, by disposing the high pressure mois-
ture separator and the low pressure moisture separator
on the same floor, itis possible to shorten the pipe length
of a connecting pipe and reduce the equipment cost.
[0019] In the steam turbine plant according to the
presentinvention, the atleast one high pressure moisture
separator is disposed on one of a first floor on which the
high and intermediate pressure turbine and the at least
one low pressure turbine are disposed and a second floor
afloor level of which is different from that of the first floor,
and the at least one low pressure moisture separator is
disposed on another floor of the first floor and the second
floor.

[0020] Therefore, by disposing the high pressure mois-
ture separator and the low pressure moisture separator
on different floors, it is possible to secure the pipe length
of the connecting pipe to alleviate an adverse effect due
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to thermal stress, and it is possible to efficiently utilize
each of the floors to secure a maintenance space and to
improve maintainability.

[0021] In the steam turbine plant according to the
presentinvention, the atleast one high pressure moisture
separator is a high pressure moisture separating heater.
[0022] Therefore, by properly heating the steam, ther-
mal efficiency of the turbine plant can be further im-
proved.

Advantageous Effects of Invention

[0023] According to the steam turbine plant of the
present invention, since the high pressure moisture sep-
arator and the low pressure moisture separator are each
disposed symmetrically with respect to the center line
along the axial direction of the high and intermediate
pressure turbine, the structure can be simplified, and the
equipment cost can be reduced.

Brief Description of Drawings
[0024]

FIG. 1 is a schematic configuration diagram showing
a nuclear power plant according to a first embodi-
ment.

FIG. 2 is a schematic diagram showing flow of con-
densate and steam in a steam turbine plant of the
first embodiment.

FIG. 3 is a plan view showing an arrangement of the
steam turbine plant according to the first embodi-
ment.

FIG. 4 is a front view showing an arrangement of the
steam turbine plant.

FIG. 5 is a front view showing another arrangement
of the steam turbine plant.

FIG. 6 is a front view showing another arrangement
of the steam turbine plant.

FIG. 7 is a plan view showing an arrangement of a
steam turbine plant according to a second embodi-
ment.

FIG. 8 is a plan view showing an arrangement of a
steam turbine plant according to a third embodiment.
FIG. 9 is a plan view showing an arrangement of a
steam turbine plant according to a fourth embodi-
ment.

Description of Embodiments

[0025] Preferredembodiments of a steam turbine plant
of the present invention will be described in detail below
with reference to the accompanying drawings. It is to be
noted that the present invention is not limited by these
embodiments. In addition, when there are a plurality of
embodiments, the presentinvention also includes a com-
bination of these embodiments.
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[First Embodiment]

[0026] FIG. 1 is a schematic configuration diagram
showing a nuclear power plant according to a first em-
bodiment.

[0027] A nuclear reactor of the first embodiment is a
pressurized water reactor (PWR) that uses light water as
nuclear reactor coolant and neutron moderator, produc-
es high temperature and high pressure water without boil-
ing over the whole reactor core, sends this high temper-
ature and high pressure water to the steam generator to
generate steam by heat exchange, and sends this steam
to a turbine generator to generate electricity.

[0028] In the nuclear power plant having the pressu-
rized water reactor of the first embodiment, as shown in
FIG. 1, areactor containment 11 has a pressurized water
reactor 12 and a steam generator 13 therein, and the
pressurized water reactor 12 and the steam generator
13 are connected via pipes 14, 15. A pressurizer 16 is
providedin the pipe 14, and a primary cooling water pump
17 is provided in the pipe 15. In this case, light water is
used as moderator and primary cooling water (coolant).
In order to suppress boiling of the primary cooling water
in a reactor core, a primary cooling system is controlled
by the pressurizer 16 so as to maintain a high pressure
state of about 150 to 160 atm. Therefore, in the pressu-
rized waterreactor 12, the light water is heated as primary
cooling water by low enriched uranium or MOX as fuel
(nuclear fuel), and the high temperature primary cooling
water is sent to the steam generator 13 through the pipe
14 while being maintained at a predetermined high pres-
sure by the pressurizer 16. In this steam generator 13,
heat exchange is performed between the high tempera-
ture and high pressure primary cooling water and sec-
ondary cooling water, and the cooled primary cooling wa-
teris returnedtothe pressurized water reactor 12 through
the pipe 15.

[0029] Thesteamgenerator 13isconnected toasteam
turbine 19 via a pipe 18, and a main steam isolation valve
20 is provided in the pipe 18. The steam turbine 19 has
a high and intermediate pressure turbine 21 and two low
pressure turbines 22 and 23, and a generator 24 is con-
nected coaxially. The high and intermediate pressure tur-
bine 21 has a high pressure turbine unit 25 and an inter-
mediate pressure turbine unit 26, and a high pressure
moisture separating heater 27 is provided between the
high pressure turbine unit 25 and the intermediate pres-
sure turbine unit 26. Furthermore, a low pressure mois-
ture separating heater 28 is provided between the high
and intermediate pressure turbine 21 (intermediate pres-
sure turbine unit 26) and the low pressure turbines 22
and 23. That s, the pipe 18 from the steam generator 13
is connected to an inlet portion of the high pressure tur-
bine unit 25, a steam pipe 29 is connected from an outlet
portion of the high pressure turbine unit 25 to the inlet
portion of the high pressure moisture separating heater
27, and a steam pipe 30 is connected from an outlet por-
tion of the high pressure moisture separating heater 27
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to an inlet portion of the intermediate pressure turbine
unit 26. Furthermore, a steam pipe 31 is connected from
an outlet portion of the intermediate pressure turbine unit
26 to an inlet portion of the low pressure moisture sepa-
rating heater 28, and a steam pipe 32 is connected from
an outlet portion of the low pressure moisture separating
heater 28 to respective inlet portions of the low pressure
turbines 22 and 23.

[0030] In the steam turbine 19, condensers 33 and 34
are provided below the low pressure turbines 22 and 23.
The condensers 33 and 34 cool steam used in the low
pressure turbines 22 and 23 with cooling water and con-
dense the steam to make condensate. Seawater is used
as the cooling water, and the condensers 33 and 34 are
connected to an intake pipe 35 and a drain pipe 36 for
supplying and discharging the cooling water. The intake
pipe 35 has a circulating water pump 37, and one end
portion thereof is disposed in the sea together with the
drain pipe 36.

[0031] A pipe 38 is connected to the condensers 33
and 34, and a condensate pump 39, a gland condenser
40, a condensate demineralizer 41, a condensate boost-
er pump 42, and low pressure feed water heaters 43, 44,
45, and 46 are provided in this pipe 38 in order along the
flow direction of the condensate. Here, the first low pres-
sure feed water heater 43 and the second low pressure
feed water heater 44 are provided in the condensers 33
and 34, and the condensate is heated by the steam used
in the low pressure turbines 22 and 23. Furthermore, the
third low pressure feed water heater 45 and the fourth
low pressure feed water heater 46 are provided outside
the condensers 33 and 34. In the third low pressure feed
water heater 45, the condensate is heated by the steam
extracted from the low pressure turbines 22 and 23, and
in the fourth low pressure feed water heater 46, the con-
densate is heated by the steam exhausted from the in-
termediate pressure turbine unit 26.

[0032] Furthermore, on the downstream side of the
fourth low pressure feed water heater 46, the pipe 38 is
provided with a deaerator 47, a main feed water pump
48, a high pressure feed water heater 49, and a main
feed water control valve 50 in this order along the flow
direction of the condensate.

[0033] Therefore, the steam generated by performing
the heat exchange with the high temperature and high
pressure primary cooling water in the steam generator
13 is sent to the steam turbine 19 through the pipe 18,
the high and intermediate pressure turbine 21 and each
of the low pressure turbines 22 and 23 are operated to
obtain rotational force, and the generator 24 is driven by
this rotational force to generate electricity. At this time,
after the steam from the steam generator 13 drives the
high pressure turbine unit 25, the moisture contained in
the steam is removed by the high pressure moisture sep-
arating heater 27, and the steam is heated to drive the
intermediate pressure turbine unit 26. Furthermore, the
steam that has driven the intermediate pressure turbine
unit 26 drives the low pressure turbines 22 and 23 after
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the moisture contained in the steam is removed by the
low pressure moisture separating heater 28 and the
steam is heated. Then, the steam that has driven the low
pressure turbines 22 and 23 is cooled by the seawater
in the condensers 33, 34 to become condensate, flows
through the pipe 38 by the condensate pump 39, and is
returned through the gland condenser 40, the conden-
sate demineralizer 41, the low pressure feed water heat-
ers43,44,45,and 46, the deaerator47, the high pressure
feed water heater 49, and the like to the steam generator
13.

[0034] Described here are flows of the condensate and
the steam in the high and intermediate pressure turbine
21, the low pressure turbines 22 and 23, the high pres-
sure moisture separating heater 27, the low pressure
moisture separating heater 28, and the low pressure feed
water heaters 43, 44, 45, and 46. FIG. 2 is a schematic
diagram showing the flow of the condensate and the
steam in a steam turbine plant of the first embodiment.

[0035] AsshowninFIG. 2, the steam pipe 31 from the
outlet portion of the intermediate pressure turbine unit 26
to the inlet portion of the low pressure moisture separat-
ing heater 28 is connected to a base end portion of a
steam branch pipe 51 branched from a middle portion of
the steam pipe 31, and a distal end portion of the steam
branch pipe 51 is connected to the fourth low pressure
feed water heater 46. Further, a distal end portion of a
bleed air pipe 52 from the low pressure turbines 22 and
23 is connected to the third low pressure feed water heat-
er45. Therefore, the third low pressure feed water heater
45 heats the condensate with the steam extracted from
the low pressure turbines 22 and 23, and the fourth low
pressure feed water heater 46 heats the condensate with
the steam exhausted from the intermediate pressure tur-
bine unit 26.

[0036] In addition, drain (water) is generated in each
of the low pressure feed water heaters 43, 44, 45, and
46 as the steam heats and condenses the condensate.
Therefore, a drain pipe 53 is connected from the fourth
low pressure feed water heater 46 to the third low pres-
sure feed water heater 45, a drain pipe 54 is connected
from the third low pressure feed water heater 45 to the
second low pressure feed water heater 44, and a drain
pipe 55 is connected from the second low pressure feed
water heater 44 to the firstlow pressure feed water heater
43. A drain pipe 56 is connected from the first low pres-
sure feed water heater 43 to a portion in the pipe 38
between the first low pressure feed water heater 43 and
the second low pressure feed water heater 44, and a
drain pump 57 is provided in the drain pipe 56.

[0037] In the steam turbine plant of the first embodi-
ment configured as described above, the high pressure
moisture separating heater 27, the low pressure moisture
separating heater 28, and the like are disposed efficiently
in the limited space with respect to the steam turbine 19.
[0038] FIG. 3 is a plan view showing an arrangement
of the steam turbine plant of the first embodiment, and
FIG. 4 is a front view showing an arrangement of the
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steam turbine plant.

[0039] As shown in FIGS. 3 and 4, the steam turbine
plant of the first embodiment includes the high and inter-
mediate pressure turbine 21, the low pressure turbines
22 and 23, the generator 24, the high pressure moisture
separating heater 27 (27a and 27b), and the low pressure
moisture separating heater 28 (28a and 28b).

[0040] A turbine building (not shown) includes a plu-
rality of floors. A foundation 62 is laid at a center of a
predetermined floor (first floor) 61, and on the foundation
62, the high and intermediate pressure turbine 21, the
two low pressure turbines 22 and 23, and the generator
24 are installed coaxially along the axial direction C.
[0041] The low pressure moisture separating heater
28 includes two low pressure moisture separating heat-
ers 28a and 28b, and they are disposed on the floor 61
so as to be positioned on both sides of the high and in-
termediate pressure turbine 21 in a width direction (ver-
tical direction in FIG. 3). Each of the low pressure mois-
ture separating heaters 28a and 28b is disposed at a
predetermined distance from the high and intermediate
pressure turbine 21 and each of the low pressure turbines
22, 23, and is arranged parallel to the axial direction C.
Each of the low pressure moisture separating heaters
28a and 28b removes the moisture from the steam ex-
hausted from the high and intermediate pressure turbine
21 and sends the steam to the low pressure turbines 22
and 23. Two steam pipes 31a and 31b extend from the
outlet portion of the intermediate pressure turbine unit 26
(see FIG. 2), and distal end portions thereof are respec-
tively connected to the inlet portions of the low pressure
moisture separating heaters 28a and 28b. Steam pipes
32a and 32b are connected to the inlet portions of the
low pressure turbines 22 and 23 from the outlet portions
of the low pressure moisture separating heaters 28a and
28b. In addition, each of the low pressure moisture sep-
arating heaters 28a and 28b is provided with a group of
heat transfer tubes as heating sources for heating the
steam, in which the steam from the steam generator 13
circulates.

[0042] Furthermore, the high pressure moisture sepa-
rating heater 27 includes two high pressure moisture sep-
arating heaters 27a and 27b, and they are disposed on
the floor 61 so as to be positioned on both sides of the
high and intermediate pressure turbine 21 in the width
direction (vertical direction in FIG. 3). Each of the high
pressure moisture separating heaters 27a and 27b re-
moves the moisture from the steam exhausted from the
high pressure turbine unit 25 and sends the steam to the
intermediate pressure turbine unit 26. Steam pipes 29a
and 29b extend from the outlet portion of the high pres-
sure turbine unit 25 (see FIG. 2), and distal end portions
thereof are respectively connected to the inlet portions
of the high pressure moisture separating heaters 27aand
27b. Steam pipes 30a and 30b are connected to the inlet
portion of the intermediate pressure turbine unit 26 from
the outlet portions of the high pressure moisture sepa-
rating heaters 27a and 27b. In addition, each of the high
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pressure moisture separating heaters 27a and 27b is pro-
vided with a group of heat transfer tubes as heating sourc-
es for heating the steam, in which the steam from the
steam generator 13 circulates.

[0043] Then, the high and intermediate pressure tur-
bine 21, the low pressure turbines 22 and 23, the gener-
ator 24, the high pressure moisture separating heater 27
(27aand 27b), and the low pressure moisture separating
heater 28 (28a and 28b) are disposed on the same floor
61.

[0044] The high pressure moisture separating heaters
27a and 27b and the low pressure moisture separating
heaters 28a and 28b are disposed on both sides in a
horizontal direction orthogonal to the axial direction C of
the high and intermediate pressure turbine 21 and the
low pressure turbines 22 and 23, symmetrically with re-
spect to the center line along the axial direction C. In this
case, the two high pressure moisture separating heaters
27a and 27b are disposed on both sides of the high and
intermediate pressure turbine 21 in parallel with the axial
direction C. The two low pressure moisture separating
heaters 28a and 28b are disposed on both sides of the
high and intermediate pressure turbine 21 and the low
pressure turbines 22 and 23 in parallel with the axial di-
rection C. That is, the high pressure moisture separating
heaters 27a and 27b are disposed on a side opposite to
the low pressure turbines 22 and 23 in the axial direction
C of the high and intermediate pressure turbine 21, and
the low pressure moisture separating heaters 28a and
28b are disposed on a side of the low pressure turbines
22 and 23 in the axial direction C of the high and inter-
mediate pressure turbine 21. The high pressure moisture
separating heaters 27a and 27b and the low pressure
moisture separating heaters 28a and 28b are disposed
in series along the axial direction C.

[0045] Although notshown, the deaerator 47 (see FIG.
2) is disposed on the floor 61 on one side in the axial
direction C of the high and intermediate pressure turbine
21, along a direction intersecting the axial direction C of
the high and intermediate pressure turbine 21. The de-
aerator 47 removes impurities such as dissolved oxygen
and uncondensed gas (ammonia gas) in the condensate
(feed water) from the fourth low pressure feed water heat-
er46 (see FIG. 2). The high pressure moisture separating
heaters 27a and 27b are disposed between the high and
intermediate pressure turbine 21 and the deaerator 47.
[0046] In the above-described embodiment, the high
pressure moisture separating heater 27 (27a and 27b)
and the low pressure moisture separating heater 28 (28a
and 28b) are disposed on the same floor 61 as a floor on
which the high and intermediate pressure turbine 21, the
low pressure turbines 22 and 23, and the like are dis-
posed; however, the present invention is not limited to
this configuration. FIG. 5 and FIG. 6 are front views each
showing another arrangement of the steam turbine plant.
[0047] As shown in FIG. 5, a floor (second floor) 63 is
provided below the floor 61. The high pressure moisture
separating heaters 27a (27b) are disposed on the lower
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floor 63 different from the floor 61 on which the high and
intermediate pressure turbine 21, the low pressure tur-
bines 22 and 23, the low pressure moisture separating
heater 28 (28a and 28b), and the like are installed. How-
ever, similarly to the above description, the high pressure
moisture separating heaters 27a (27b) are disposed on
both sides in the horizontal direction orthogonal to the
axial direction C, symmetrically with respect to the center
line along the axial direction C so as to be parallel with
the axial direction C. The deaerator 47 is disposed on
the floor 61 on one side in the axial direction C of the high
and intermediate pressure turbine 21, along a direction
intersecting the axial direction C of the high and interme-
diate pressure turbine 21.

[0048] Furthermore, as shownin FIG. 6, the high pres-
sure moisture separating heaters 27a (27b) and the low
pressure moisture separating heaters 28a (28b) are dis-
posed on the lower floor 63 different from the floor 61 on
which the high and intermediate pressure turbine 21, the
low pressure turbines 22 and 23, and the like are in-
stalled. However, similarly to the above description, the
high pressure moisture separating heaters 27a (27b) and
the low pressure moisture separating heaters 28a (28b)
are disposed on both sides in the horizontal direction
orthogonal to the axial direction C, symmetrically with
respect to the center line along the axial direction C so
as to be parallel with the axial direction C.

[0049] Although notshown, the high pressure moisture
separating heaters 27a (27b) may be disposed on the
floor 61 on which the high and intermediate pressure tur-
bine 21, the low pressure turbines 22 and 23, and the
like are installed, and the low pressure moisture sepa-
rating heaters 28a (28b) may be disposed on the lower
floor 63.

[0050] Therefore, in the turbine plant of the present
embodiment, as shown in FIGS. 3 to 6, the two high pres-
sure moisture separating heaters 27 (27a and 27b) and
the two low pressure moisture separating heaters 28 (28a
and 28b) are symmetrically disposed with respect to the
center line along the axial direction C of the high and
intermediate pressure turbine 21 and the low pressure
turbines 22 and 23. Thus, in particular, the high pressure
moisture separating heater 27 can be disposed efficiently
in the vicinity of the high and intermediate pressure tur-
bine 21, and there is no need to expand the turbine build-
ing in a width direction (a horizontal direction orthogonal
to the axial direction C) of the high and intermediate pres-
sure turbine 21 and the low pressure turbines 22 and 23.
Moreover, since the pipe lengths of the steam pipes 29
and 31 are shortened, the overall structure is simplified.
Furthermore, since the high pressure moisture separat-
ing heater 27 and the low pressure moisture separating
heater 28 are each disposed symmetrically, the flow rate
of the steam is balanced well, and performance of the
entire plant is improved.

[0051] The steam sent from the steam generator 13
through the pipe 18 drives the high pressure turbine unit
25 of the high and intermediate pressure turbine 21, and
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is then sent by the steam pipe 29 to the high pressure
moisture separating heater 27, where the steam is heat-
ed while moisture is removed. The steam processed by
the high pressure moisture separating heater 27 drives
the intermediate pressure turbine unit 26, and is then
sent by the steam pipe 30 to the low pressure moisture
separating heater 28, where the steam is heated while
moisture is removed. The steam processed by the low
pressure moisture separating heater 28 is sent to the low
pressure turbines 22 and 23 by the steam pipe 32 todrive
the low pressure turbines 22 and 23.

[0052] At this time, the steam exhausted from the in-
termediate pressure turbine unit 26 is sent to the low
pressure moisture separating heater 28 by the steam
pipe 31 (31a and 31b) and is also sent to the fourth low
pressure feed water heater 46 by the steam branch pipe
51. The steam extracted from the low pressure turbines
22 and 23 is sent to the third low pressure feed water
heater 45 through the bleed air pipe 52. Therefore, the
third low pressure feed water heater 45 heats the con-
densate (feed water) flowing through the pipe 38 by the
steam from the low pressure turbines 22 and 23, and the
fourth low pressure feed water heater 46 heats the con-
densate (feed water) heated by the third low pressure
feed water heater 45 and flowing through the pipe 38 by
the steam from the intermediate pressure turbine unit 26.
[0053] As described above, the steam turbine plant of
the first embodiment is provided with: the high and inter-
mediate pressure turbine 21 having the high pressure
turbine unit 25 at one end in the axial direction C and the
intermediate pressure turbine unit 26 at the other end;
the low pressure turbines 22 and 23 disposed coaxially
with the high and intermediate pressure turbine 21; the
high pressure moisture separating heater 27 (27a and
27b) that removes the moisture from the steam from the
high pressure turbine unit 25 and sends the steam to the
intermediate pressure turbine unit 26; and the low pres-
sure moisture separating heater 28 (28a and 28b) that
removes the moisture from the steam from the interme-
diate pressure turbine unit 26 and sends the steam to
the low pressure turbines 22 and 23. The high pressure
moisture separating heater 27 and the low pressure
moisture separating heater 28 are each disposed sym-
metrically with respect to the center line along the axial
direction C of the high and intermediate pressure turbine
21.

[0054] Accordingly, the high pressure moisture sepa-
rating heater 27 can be disposed in the vicinity of the high
and intermediate pressure turbine 21 or the low pressure
turbines 22 and 23. Thus the pipe length is shortened,
the structure can be simplified, the equipment cost can
be reduced, and the turbine building can also be down-
sized.

[0055] In the steam turbine plant of the present em-
bodiment, the two high pressure moisture separating
heaters 27a and 27b are disposed respectively on both
sides of the high and intermediate pressure turbine 21,
and the two low pressure moisture separating heaters

10

15

20

25

30

35

40

45

50

55

28a and 28b are disposed respectively on both sides of
the high and intermediate pressure turbine 21, with the
high pressure moisture separating heaters 27a and 27b
and the low pressure moisture separating heaters 28a
and 28b disposed in series along the axial direction C.
Therefore, it is possible to effectively utilize space in the
longitudinal direction of the high pressure moisture sep-
arating heaters 27a and 27b and the low pressure mois-
ture separating heaters 28a and 28b.

[0056] In the steam turbine plant of this embodiment,
the high pressure moisture separating heater 27 is dis-
posed on the side opposite to the low pressure turbines
22 and 23 in the axial direction C of the high and inter-
mediate pressure turbine 21, and the low pressure mois-
ture separating heater 28 is disposed on the side of the
low pressure turbines 22 and 23 in the axial direction C
of the high and intermediate pressure turbine 21. Thus
the high pressure moisture separating heater 27 is dis-
posed in the vicinity of the high and intermediate pressure
turbine 21 and the low pressure moisture separating
heater 28 is disposed in the vicinity of the low pressure
turbines 22 and 23, whereby the pipe length is shortened,
the structure can be simplified, and the equipment cost
can be reduced.

[0057] In the steam turbine plant of the present em-
bodiment, the high pressure moisture separating heater
27 and the low pressure moisture separating heater 28
are disposed on one of the floor 61 on which the high
and intermediate pressure turbine 21 and the low pres-
sure turbines 22 and 23 are disposed and the floor 63
the floor level of which is different from that of the floor
61. Therefore, by disposing the high pressure moisture
separating heater 27 and the low pressure moisture sep-
arating heater 28 on the same floor 61 (63), it is possible
to shorten the pipe length of a connecting pipe and reduce
the equipment cost.

[0058] In the steam turbine plant of the present em-
bodiment, the high pressure moisture separating heater
27 is disposed on one of the floor 61 on which the high
and intermediate pressure turbine 21 and the low pres-
sure turbines 22 and 23 are disposed and the floor 63
the floor level of which is different from that of the floor
61, and the low pressure moisture separating heater 28
is disposed on another floor of the floors 61 and 63.
Therefore, by disposing the high pressure moisture sep-
arating heater 27 and the low pressure moisture sepa-
rating heater 28 on the different floors 61 and 63, it is
possible to secure the pipe length of the connecting pipe,
to alleviate an adverse effect due to thermal stress, and
itis possible to efficiently utilize each of the floors 61 and
63 to secure a maintenance space and to improve main-
tainability.

[Second Embodiment]
[0059] FIG. 7 is a plan view showing an arrangement

of a steam turbine plant according to a second embodi-
ment. Note that members having the same functions as
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those in the above-described embodiment are denoted
by the same reference numerals, and a detailed descrip-
tion thereof will be omitted.

[0060] As shown in FIG. 7, the steam turbine plant of
the second embodiment includes the high and interme-
diate pressure turbine 21, the low pressure turbine 22,
the pipe 31, the high pressure moisture separating heater
27, and the low pressure moisture separating heater 28.
[0061] The low pressure moisture separating heater
28 includes the two low pressure moisture separating
heaters 28a and 28b, and they are disposed on the floor
61 so as to be positioned on both sides in the width di-
rection of the high and intermediate pressure turbine 21,
symmetrically with respect to the center line in the axial
direction C. The one high pressure moisture separating
heater 27 is disposed on the side opposite to the low
pressure turbine 22 in the axial direction C of the high
and intermediate pressure turbine 21. The high pressure
moisture separating heater 27 is disposed on the floor
61 along the axial direction C adjacent to the high and
intermediate pressure turbine 21. In this case, the high
pressure moisture separating heater 27, the high and
intermediate pressure turbine 21, and the low pressure
turbine 22 are disposed in a straight line along the axial
direction C.

[0062] As described above, in the steam turbine plant
of the second embodiment, the high pressure moisture
separating heater 27 is disposed along the axial direction
C of the high and intermediate pressure turbine 21.
Therefore, it is possible to effectively utilize the space in
the longitudinal direction of the high pressure moisture
separating heater 27 and the low pressure moisture sep-
arating heater 28.

[Third Embodiment]

[0063] FIG. 8 is a plan view showing an arrangement
of a steam turbine plant according to a third embodiment.
Note that members having the same functions as those
in the above-described embodiment are denoted by the
same reference numerals, and a detailed description
thereof will be omitted.

[0064] As shown in FIG. 8, the steam turbine plant of
the third embodiment includes the high and intermediate
pressure turbine 21, the low pressure turbine 22, the
steam pipe 31, the high pressure moisture separating
heater 27, and the low pressure moisture separating
heater 28.

[0065] The low pressure moisture separating heater
28 includes the two low pressure moisture separating
heaters 28a and 28b, and they are disposed on the floor
61 so as to be positioned symmetrically on both sides in
the width direction of the high and intermediate pressure
turbine 21. The high pressure moisture separating heater
27 includes the two high pressure moisture separating
heaters 27a and 27b, and they are disposed on the side
opposite to the low pressure turbine 22 in the axial direc-
tion C of the high and intermediate pressure turbine 21.
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The high pressure moisture separating heaters 27a and
27b are disposed on the floor 61 along the direction in-
tersecting the axial direction C while being adjacent to
the high and intermediate pressure turbine 21, and more-
over, the high pressure moisture separating heaters 27a
and 27b are disposed symmetrically with respect to the
center line in the axial direction C. The plurality of (two
in the present embodiment) high pressure moisture sep-
arating heaters 27a and 27b are disposed in parallel at
a predetermined interval.

[0066] As described above, in the steam turbine plant
of the third embodiment, the two high pressure moisture
separating heaters 27a and 27b as the high pressure
moisture separating heater 27 are disposed in parallel,
and also the high pressure moisture separating heaters
27a and 27b are disposed symmetrically with respect to
the center line in the axial direction C while intersecting
the center line. Therefore, by disposing the high pressure
moisture separating heater 27 and the low pressure
moisture separating heater 28 in an intersecting manner
to effectively utilize the space, it is possible to downsize
the turbine building, and to process the steam from the
high pressure turbine unit 25 in a well-balanced manner.

[Fourth Embodiment]

[0067] FIG. 9 is a plan view showing an arrangement
of a steam turbine plant of a fourth embodiment. Note
that members having the same functions as those in the
above-described embodiment are denoted by the same
reference numerals, and a detailed description thereof
will be omitted.

[0068] As shownin FIG. 9, the steam turbine plant of
the fourth embodiment includes the high and intermedi-
ate pressure turbine 21, the low pressure turbine 22, the
pipe 31, the high pressure moisture separating heater
27, and the low pressure moisture separating heater 28.
[0069] The low pressure moisture separating heater
28 includes the two low pressure moisture separating
heaters 28a and 28b, and they are disposed on the floor
61 so as to be positioned symmetrically on both sides in
the width direction of the high and intermediate pressure
turbine 21. The one high pressure moisture separating
heater 27 is disposed on the side opposite to the low
pressure turbine 22 in the axial direction C of the high
and intermediate pressure turbine 21. The high pressure
moisture separating heater 27 is disposed on the floor
61 along the direction intersecting the axial direction C
while being adjacent to the high and intermediate pres-
sure turbine 21, and moreover, the high pressure mois-
ture separating heater 27 is disposed symmetrically with
respect to the center line in the axial direction C. The
deaerator 47 is disposed adjacent and in parallel to the
high pressure moisture separating heater 27.

[0070] As described above, in the steam turbine plant
ofthe fourth embodiment, the one high pressure moisture
separating heater 27 is disposed symmetrically with re-
spect to the center line in the axial direction C while in-
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tersecting the center line. Therefore, by effectively utiliz-
ing the space in the axial direction, it is possible to down-
size the turbine building, and to process the steam from
the high pressure turbine unit 25 in a well-balanced man-
ner.

[0071] In each of the above-described embodiments,
the four low pressure feed water heaters 43, 44, 45, and
46 are provided, of which the two low pressure feed water
heaters 43 and 44 are disposed in the condensers 33
and 34, and the two low pressure feed water heaters 45
and 46 are disposed outside the condensers 33 and 34.
However, the arrangement and the number of low pres-
sure feed water heaters are not limited to those of the
embodiments, and they may be set appropriately accord-
ing to the scale of the steam turbine plant or the like.
[0072] Further, in the above-described embodiment,
the steam exhausted from the final stage of the interme-
diate pressure turbine unit 26 is supplied to the low pres-
sure moisture separating heater 28 (28a and 28b); how-
ever, the steam extracted from the middle stage of the
intermediate pressure turbine unit 26 may be supplied to
the low pressure moisture separating heater 28 (28a and
28b).

[0073] Further, in the above-described embodiment,
the moisture separating heater has been described, but
it may be a moisture separator.

[0074] Further, in the above-described embodiment,
the steam turbine plant of the presentinvention is applied
to a nuclear power plant; however, the present invention
is not limited thereto, and for example, the presentinven-
tion can be applied to a thermal power plant or the like.

Reference Signs List
[0075]

12 PRESSURIZED WATER REACTOR

13 STEAM GENERATOR

18, 38 PIPE

19 STEAM TURBINE

21 HIGH AND INTERMEDIATE PRESSURE TUR-
BINE

22,23 LOW PRESSURE TURBINE

24 GENERATOR

25 HIGH PRESSURE TURBINE UNIT

26 INTERMEDIATE PRESSURE TURBINE UNIT
27, 27a, 27b HIGH PRESSURE MOISTURE SEP-
ARATING HEATER (HIGH PRESSURE MOIS-
TURE SEPARATOR)

28, 28a, 28b LOW PRESSURE MOISTURE SEPA-
RATING HEATER (LOW PRESSURE MOISTURE
SEPARATOR)

29, 30, 31, 31a, 31b, 32, 32a, 32b STEAM PIPE
33, 34 CONDENSER

43 FIRST LOW PRESSURE FEED WATER HEAT-
ER

44 SECOND LOW PRESSURE FEED WATER
HEATER
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45 THIRD LOW PRESSURE FEED WATER HEAT-
ER

46 FOURTH LOW PRESSURE FEED WATER
HEATER

51 STEAM BRANCH PIPE

52 BLEED AIR PIPE

61 FLOOR (FIRST FLOOR)

62 FOUNDATION

63 FLOOR (SECOND FLOOR)

C AXIAL DIRECTION

Claims

1.

A steam turbine plant comprising:

a high and intermediate pressure turbine having
a high pressure turbine unit at one end in an
axial direction and an intermediate pressure tur-
bine unit at the other end;

at least one low pressure turbine disposed co-
axially with the high and intermediate pressure
turbine;

at least one high pressure moisture separator
arranged to remove moisture from steam from
the high pressure turbine unit and send the
steam to the intermediate pressure turbine unit;
and

at least one low pressure moisture separator ar-
ranged to remove the moisture from the steam
from the intermediate pressure turbine unit and
send the steam to the at least one low pressure
turbine, wherein

the at least one high pressure moisture separa-
tor and the at least one low pressure moisture
separator are each disposed symmetrically with
respect to a center line along the axial direction
of the high and intermediate pressure turbine.

The steam turbine plant according to claim 1 com-
prising the two high pressure moisture separators
and the two low pressure moisture separators,
wherein the two high pressure moisture separators
are disposed on both sides of the high and interme-
diate pressure turbine, the two low pressure moisture
separators are disposed on both sides of the high
and intermediate pressure turbine, and the two high
pressure moisture separators and the two low pres-
sure moisture separators are disposed in series
along the axial direction.

The steam turbine plant according to claim 1 or 2,
wherein the at least one high pressure moisture sep-
arator is disposed on a side opposite to the at least
one low pressure turbine in the axial direction of the
high and intermediate pressure turbine, and the at
least one low pressure moisture separator is dis-
posed on a low pressure turbine side in the axial
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direction of the high and intermediate pressure tur-
bine.

The steam turbine plant according to claim 1 com-
prising the one high pressure moisture separatorand
the two low pressure moisture separators, wherein
the one high pressure moisture separator is dis-
posed along the center line on a side opposite to the
atleast one low pressure turbine in the axial direction
of the high and intermediate pressure turbine, and
the two low pressure moisture separators are dis-
posed on both sides of the high and intermediate
pressure turbine.

The steam turbine plant according to claim 1, where-
in the at least one high pressure moisture separator
is disposed along a direction intersecting the axial
direction.

The steam turbine plant according to any one of
claims 1 to 5, wherein the at least one high pressure
moisture separator and the at least one low pressure
moisture separator are disposed on one of a first
floor on which the high and intermediate pressure
turbine and the at least one low pressure turbine are
disposed and a second floor a floor level of which is
different from that of the first floor.

The steam turbine plant according to any one of
claims 1 to 5, wherein the at least one high pressure
moisture separator is disposed on one of a first floor
on which the high and intermediate pressure turbine
and the at least one low pressure turbine are dis-
posed and a second floor a floor level of which is
different from that of the first floor, and the at least
one low pressure moisture separator is disposed on
another floor of the first floor and the second floor.

The steam turbine plant according to any one of
claims 1 to 7, wherein the at least one high pressure
moisture separator is a high pressure moisture sep-
arating heater.
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