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(54) System and method for feeding water for steam turbine plant

(57) A feed water system for feeding water from a
condenser to a steam generator in a steam turbine plant.
The feed water system has a feed water/condensate
water pump (2) for pumping up water from a condenser;
a control valve (4) disposed downstream of the feed wa-
ter/condensate water pump; a heating line (8) disposed
downstream of the control valve, the heating line includ-
ing a heat exchanger (12) for heating water; a bypass

line for bypassing the heating line downstream of the
control valve: and inlet and outlet bypass (6, 14) valves
for water selectively flowing through either the heating
line or the bypass line. The inlet and/or outlet bypass
valves are activated by pistons (28, 30) which are driven
by water pressure. A valve-activation line (48) for pro-
viding water pressure to the pistons is branched from a
point between the feed water/condensate water pump
and the control valve.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention is related generally to a system
and a method for feeding water to a steam generator or
a boiler in a thermal or a nuclear power generation plant.
The present invention is more specifically related to
such a system and a method that has a heating line in-
cluding a heat exchanger and a bypass line for bypass-
ing the heat exchanger by switching valves.
[0002] A typical prior art feed water system for a
steam turbine plant has a heat exchanger as a feed wa-
ter heater as well as a bypass line for feed water to by-
pass the heat exchanger. The prior art feed water sys-
tem also has an inlet bypass valve and an outlet bypass
valve to switch between the line through the heat ex-
changer (or the heating line) and the bypass line.
[0003] The inlet bypass valve is typically a two-way
switching valve disposed at the branch point between
the heating line and the bypass line. The inlet bypass
valve is used to select one of the two directions -- the
heating line or the bypass line. The outlet bypass valve
is an isolating valve disposed downstream of the heat
exchanger and upstream of the connecting point to the
bypass line in the heating line.
[0004] The inlet and outlet bypass valves each has a
piston in a piston chamber for activation of the valve.
When pressure is accumulated in the piston chambers,
the pistons are pushed so that the inlet by pass valve
can switch over from the bypass line side to the heating
line side, and the outlet bypass valve can open. At that
time, the water on the other sides of the pistons in the
piston chambers is drained out of the systems. Thus,
the valves are operated quickly utilizing self-water-pres-
sure as a driving source without any other activation
source.
[0005] The prior art inlet and outlet valves described
above are advantageous in simple structure because
self-pressure is utilized as an activation source. Howev-
er, those inlet and outlet valves cannot be activated,
when the required pressure is not available due to the
pressure drop across the control valve, for example.

BRIEF SUMMARY OF THE INVENTION

[0006] Accordingly, it is an object of the present inven-
tion to provide an improved system and an improved
method for feeding water to a steam generator where
the inlet and outlet bypass valves can be activated even
when the pressure in the pipes upstream of the valves
is not adequately high.
[0007] There has been provided, in accordance with
an aspect of the present invention, a feed water system
for feeding water from a condenser to a steam generator
in a steam turbine plant, the feed water system compris-
ing: a feed water/condensate water pump for pumping
up water from a condenser; a control valve disposed

downstream of the feed water/condensate water pump;
a heating line disposed downstream of the control valve,
the heating line including a heat exchanger for heating
water; a bypass line for bypassing the heating line down-
stream of the control valve: and inlet and outlet bypass
valves for water selectively flowing through either the
heating line or the bypass line, wherein the inlet and/or
outlet bypass valves are activated by pistons which are
driven by water pressure, wherein a valve-activation line
for providing water pressure to the pistons to activate
the pistons is branched from a point between the feed
water/condensate water pump and the control valve.
[0008] There has also been provided, in accordance
with another aspect of the present invention, a feed wa-
ter system for feeding water from a condenser in a
steam turbine plant, the feed water system comprising:
a feed water/condensate water pump for pumping up
water from a condenser; a control valve disposed down-
stream of the feed water/condensate water pump; a
heating line disposed downstream of the control valve,
the heating line including a heat exchanger for heating
water; and a bypass line for bypassing the heating line
downstream of the control valve: wherein the inlet and/
or outlet bypass valves are activated by pistons which
are driven by water pressure, wherein a valve-activation
line for providing water pressure to the pistons to acti-
vate the pistons is branched upstream of the inlet by-
pass valve, the valve-activation line including a valve
activating water pump to enhance the water pressure.
[0009] There has also been provided, in accordance
with another aspect of the present invention, a method
for feeding water from a condenser to a steam generator
in a steam turbine plant using a feed water system, the
feed water system comprising: a feed water/condensate
water pump for pumping up water from a condenser; a
control valve disposed downstream of the feed water/
condensate water pump; a heating line disposed down-
stream of the control valve, the heating line including a
heat exchanger for heating water; a bypass line for by-
passing the heating line downstream of the control
valve: and inlet and outlet bypass valves for water se-
lectively flowing through either the heating line or the
bypass line, the method comprising: branching part of
pressurized water from the feed water/condensate wa-
ter pump upstream of the control valve; supplying the
branched part of the pressurized water to one side of
each of pistons in piston chambers of the inlet and outlet
bypass valves to drive the pistons to activate the valves;
and draining water on the opposite side of the pistons
in the piston chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other features and advantages
of the present invention will become apparent from the
discussion hereinbelow of specific, illustrative embodi-
ments thereof presented in conjunction with the accom-
panying drawings, in which:
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Figure 1 is a flow diagram showing a first embodi-
ment of a feed water system in a steam turbine plant
according to the present invention;
Figure 2 is a flow diagram showing a second em-
bodiment of a feed water system in a steam turbine
plant according to the present invention; and
Figure 3 is a flow diagram showing a third embodi-
ment of a feed water system in a steam turbine plant
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] In the following description and also in the
above description of background of the invention, like
reference numerals represent like elements, and redun-
dant description may be omitted.
[0012] Now, a first embodiment of a feed water sys-
tem in a steam turbine plant according to the present
invention is described referring to Figure 1. Steam
drives a steam turbine (not shown) rotate, and condens-
es into condensate water in a condenser (not shown).
The condensate water is pumped up by a feed water/
condensate water pump 2 before the water returns back
to a steam generator (not shown). Typically, a conden-
sate water pump, a heat exchanger and a feed water
pump are connected in series in this order. Since the
present invention can be applied to both portions related
to the condensate water pump and the feed water pump,
those pumps are called a feed water/condensate water
pump collectively. A control valve 4 is disposed down-
stream of the feed water/condensate water pump 2 in
order to control the flow rate. The control valve 4 causes
a pressure drop.
[0013] An inlet bypass valve 6 is disposed down-
stream of the control valve 4. The inlet bypass valve 6
is a two-way switching valve and can be switched to
form selectively a flow path through a heating line 8 or
through a bypass line 10. The heating line 8 has a heat
exchanger or a heater 12. Part of the steam generated
in the steam generator is extracted into the heat ex-
changer 12 where the feed water (or the condensate wa-
ter) is heated.
[0014] An outlet bypass valve 14 is disposed down-
stream of the heat exchanger 12. Downstream of the
heat exchanger 12 is combined to the bypass line 10,
and then, to the steam generator to which the feed water
is supplied. In some embodiments, there may be multi-
ple stages in series, each stage including a combination
of a feed water/condensate water pump 2 and a heating
line 8. In such a case, downstream of the combining
point of the heating line 8 and the bypass line 10 may
be connected to another feed water/condensate water
pump 2 of the next stage.
[0015] Inlet and outlet bypass-valve piston chambers
24 and 26, respectively, are attached to the inlet and
outlet bypass valves 6 and 14, respectively. Inlet and
outlet bypass-valve pistons 28 and 30, respectively, are
disposed and can be moved reciprocally in the piston

chambers 24 and 26, respectively. The pistons 28 and
30 divide the space in their respective piston chambers
24 and 26. The pistons 28 and 30 move together with
the valve bodies (not shown) of the inlet and outlet by-
pass valves 6 and 14, respectively.
[0016] First and second spaces divided by the inlet
bypass-valve piston 28 in the inlet bypass-valve piston
chamber 24 have first and second ports 32 and 34, re-
spectively. Likewise, third and fourth spaces divided by
the outlet bypass-valve piston 30 in the outlet bypass-
valve piston chamber 26 have third and fourth ports 36
and 38, respectively.
[0017] The first and third ports 32 and 36, respective-
ly, are commonly connected to a first valve-activation
line 44. The first valve-activation line 44 can be drained
through a first drain valve 40. Likewise, the second and
fourth ports 34 and 38, respectively, are commonly con-
nected to a second valve-activation line 46. The second
valve-activation line 46 can be drained through a second
drain valve 42.
[0018] A third valve-activation line 48 is branched
from a point between the feed water/condensate water
pump 2 and the control valve 4. An isolating valve 50 is
disposed in the third valve-activation line 48. The third
valve-activation line 48 is branched downstream of the
isolating valve 50. One of the branched lines is connect-
ed to a first valve-activation line 44 via a first high-pres-
sure activation-water supply valve 52, and the other of
the branched lines is connected to a second valve-acti-
vation line 46 via a second high-pressure activation-wa-
ter supply valve 54.
[0019] A water-filling line 16 is branched from a point
between the control valve 4 and the inlet bypass valve
6. The water-filling line 16 is connected to a point up-
stream of the heat exchanger 12 in the heating line 8. A
drain line 20 is branched from a point downstream of the
connecting point of the water-filling line 16 of the heating
line 8 and upstream of the heat exchanger 12. The drain
line 20 has a drain valve 22.
[0020] Operation of the embodiment is now de-
scribed. When water flows through the bypass line 10,
the inlet bypass valve 6 is switched over to the bypass
line side. At the same time, the outlet bypass valve 14,
the water-filling valve 18, the first drain valve 40, the sec-
ond drain valve 42, the third drain valve 22, the first high-
pressure activation-water supply valve 52 and the sec-
ond high-pressure activation-water supply valve 54 are
closed.
[0021] When the flow path is changed to the heating
line 8 side, the water-filling valve 18 is opened and water
is guided to the heating line 8, which causes the heating
line 8 pressurized. Thus, when the pressure difference
across the valve body of the inlet bypass valve 6 is min-
imized, the first high-pressure activation-water supply
valve 52 is opened. Then, comparatively high pressure
activation water which does not pass through the control
valve 4 is supplied to the first port 32 of the inlet bypass-
valve piston chamber 24 and to the third port 36 of the
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outlet bypass-valve piston chamber 26 through the third
valve-activation line 48, the first high-pressure activa-
tion-water supply valve 52 and the first valve-activation
line 44.
[0022] Immediately after that, the second drain valve
42 is opened, which creates the differential pressures
across the pistons 28 and 30. Thus, the pistons 28 and
30 move toward the sides of the ports 34 and 38, re-
spectively. Then, the inlet bypass valve 6 is turned to
the heating line 8 side, and the outlet bypass valve 14
is opened.
[0023] When the flow path changes from the heating
line 8 to the bypass line 10, the first high-pressure acti-
vation-water supply valve 52 and the second drain valve
42 are closed first. The first drain valve 40 and the sec-
ond high-pressure activation-water supply valve 54 re-
main closed. Then, the second high-pressure activa-
tion-water supply valve 54 is opened. Thus, the relative-
ly high-pressure activation water which does not flow
through the control valve 4 is supplied to the second port
34 of the inlet bypass-valve piston chamber 24 and the
fourth port 38 of the outlet bypass-valve piston chamber
26.
[0024] Immediately after that, the first drain valve 40
is opened, which creates the differential pressures
across the pistons 28 and 30. Thus, the pistons 28 and
30 move toward the sides of the ports 32 and 36, re-
spectively. Then, the inlet bypass valve 6 is turned to
the bypass line 10 side, and the outlet bypass valve 14
is closed. The third drain valve 22 is opened to ensure
the switchover.
[0025] When all of the activation is completed, the wa-
ter-filling valve 18, the third drain valve 22, the first drain
valve 40, the second drain valve 42, the first high-pres-
sure activation-water supply valve 52 and the second
high-pressure activation-water supply valve 54 are
closed.
[0026] According to the first embodiment described
above, the inlet bypass valve 6 and the outlet bypass
valve 14 can be activated even when the pressure in the
pipe is lower than the pressure needed to valve activa-
tion.
[0027] Now, a second embodiment of a feed water
system in a steam turbine plant according to the present
invention is described referring to Figure 2. In this em-
bodiment, a valve activation pump 60 is disposed up-
stream of the isolating valve 50 on the third valve-acti-
vation line 48. Thus, the water pressure supplied to the
first and second valve-activation lines 44 and 46 can be
enhanced more.
[0028] When the valve activation pump 60 is disposed
upstream of the isolating valve 50 on the third valve-
activation line 48, the third valve-activation line 48 may
be alternatively branched at a point downstream of the
control valve 4.
[0029] Now, a third embodiment of a feed water sys-
tem in a steam turbine plant according to the present
invention is described referring to Figure 3. In this em-

bodiment, the third valve-activation line 48 is connected
to a high pressure source (not shown) other than the
feed water/condensate water pump 2.
[0030] Numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is, therefore, to be understood that, within
the scope of the appended claims, the present invention
can be practiced in a manner other than as specifically
described herein.

Claims

1. A feed water system for feeding water from a con-
denser to a steam generator in a steam turbine
plant, the feed water system comprising:

a feed water/condensate water pump for pump-
ing up water from a condenser;
a control valve disposed downstream of the
feed water/condensate water pump;
a heating line disposed downstream of the con-
trol valve, the heating line including a heat ex-
changer for heating water;
a bypass line for bypassing the heating line
downstream of the control valve: and
inlet and outlet bypass valves for water selec-
tively flowing through either the heating line or
the bypass line,

wherein the inlet and/or outlet bypass valves
are activated by pistons which are driven by water
pressure,

wherein a valve-activation line for providing
water pressure to the pistons to activate the pistons
is branched from a point between the feed water/
condensate water pump and the control valve.

2. A feed water system for feeding water from a con-
denser in a steam turbine plant, the feed water sys-
tem comprising:

a feed water/condensate water pump for pump-
ing up water from a condenser;
a control valve disposed downstream of the
feed water/condensate water pump;
a heating line disposed downstream of the con-
trol valve, the heating line including a heat ex-
changer for heating water; and
a bypass line for bypassing the heating line
downstream of the control valve:

wherein the inlet and/or outlet bypass valves
are activated by pistons which are driven by water
pressure,

wherein a valve-activation line for providing
water pressure to the pistons to activate the pistons
is branched upstream of the inlet bypass valve, the
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valve-activation line including a valve activating wa-
ter pump to enhance the water pressure.

3. The feed water system according to Claims 1 or 2,
wherein the inlet bypass valve includes a two-way
switching valve disposed at a branch point between
the heating line and the bypass line, wherein the
outlet bypass valve includes an isolating valve dis-
posed downstream of the heat exchanger in the
heating line.

4. The feed water system according to Claim 3, where-
in the inlet bypass valve is activated by a piston
which is driven by water pressure, the feed water
system further comprising:

a water-filling line which is branched from a
point between the control valve and the inlet by-
pass valve and which is connected to the heat-
ing line at a point between the inlet bypass
valve and the heat exchanger; and
a water-filling valve on the water-filling line.

5. A method for feeding water from a condenser to a
steam generator in a steam turbine plant using a
feed water system, the feed water system compris-
ing:

a feed water/condensate water pump for pump-
ing up water from a condenser;
a control valve disposed downstream of the
feed water/condensate water pump;
a heating line disposed downstream of the con-
trol valve, the heating line including a heat ex-
changer for heating water;
a bypass line for bypassing the heating line
downstream of the control valve: and
inlet and outlet bypass valves for water selec-
tively flowing through either the heating line or
the bypass line, the method comprising:

branching part of pressurized water from
the feed water/condensate water pump up-
stream of the control valve;
supplying the branched part of the pressu-
rized water to one side of each of pistons
in piston chambers of the inlet and outlet
bypass valves to drive the pistons to acti-
vate the valves; and
draining water on the opposite side of the
pistons in the piston chambers.
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