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(57) Abrege/Abstract:
The invention relates to a combined cycle gas turbine plant and to a corresponding method for operating such a combined cycle
gas turbine plant, in which, during load operation of the combined cycle gas turbine plant, a water mass flow which Is supplied
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(57) Abrege(suite)/Abstract(continued):
according to the forced-flow principle to a waste heat steam generator is adjusted such that the evaporator heating surface (6) of

the medium pressure stage Is oversupplied and thus a defined amount of excess water, which Is heated In the evaporator heating
surface (6) but not vaporized, Is discharged via the water-steam separator (11) to a heat exchanger circuit for preheating fuel for

the gas turbine.



CA 02824710 2016~03-17

Abstract

The invention relates to a combined cycle gas turbine plant and to a corresponding
method for operating such a combined cycle gas turbine plant, in which, during load
operation of the combined cycle gas turbine plant, a water mass tlow which is supplied
according to the forced-flow principle to a waste heat steam generator 1s adjusted such
that the evaporator heating surface (6) of the medium pressure stage is oversupplied and
thus a defined amount of excess water, which is heated in the evaporator heating surface
(6) but not vaporized, 1s discharged via the water-steam separator (11) to a heat
exchanger circuit for preheating fuel for the gas turbine.
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Comblned cycle gas turbine plant having a waste heat steam

generator

Field

The 1nvention relates to a combined cycle power plant having a

gr——

waste heat steam generator that has a multiplicity of heating

v

surfaces which are arranged 1n an exhaust gas duct of a gas

turbilne and are connected to one another to form a three-stage

gr—

pressure system, consisting of a low-pressure stage, an

intermediate-pressure stage and a high-pressure stage for a

water-steam cilircult of the steam turbine, wherein each of the

pressure stages has 1n each case at least one heating surface

for preheating, for evaporating and for superheating, and

wherein a water-steam separator, which 1s arranged between an

outlet of the evaporator heating surface and an 1inlet of the

superheater heating surface o©f the intermediate-pressure stage

and in which excess water can pe separated from the steam, 1s

provided with a branching-off 1line for diverting the excess

P

water, and to a corresponding method of operating such a

combined cycle power plant.

Background

Combined cycle power plants are installations that combine the

e

principles of a gas turbine power plant and of a steam turbine

power plant. In the waste heat steam generator, the hot flue

gas leaving the gas turbine 1s used to generate steam for the

-

steam turbine. In that context, the transfer of heat takes

F gr—

place by means of a number of heating surfaces which are

ﬁ

arranged 1n the form of tubes or tube bundles i1n the waste heat

steam generator. These are 1n turn connected 1n the water-steam

gr—

circult, comprising at least one pressure stage, of the steam

turbine. In that context, each pressure stage usually has, as
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heating surfaces, a preheater or economizer, an evaporator and

a superheater.

The configuration of the waste heat steam generator is nowadays

governed strictly by economic aspects. In particular, the

cholice of the process parameters pressure and temperature for

the steam generated by the waste heat steam generator and the

number of heating surfaces 1in the waste heat steam generator

are nowadays crucial and depend both on the gas turbine outlet

-
pr—

temperature and also the boundary conditions for operation of

the combined cycle power plant. In that context, one measure

p—

for the quality of steam production at each point in the waste

P

heat steam generator is the temperature difference between the

flue gas and the steam at that point.

CA 2924710 2017-06-08
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As a conseqgquence o0of the constantly 1ncreasing demands on the

economic viability of combined cycle power plants, increasing

efforts have already been made hitherto, analogously to fired
steam generators, to also introduce waste heat steam generators
with supercritical process parameters. Since one finds oneself
in this case 1n a pressure range above the two-phase range, 1n
particular the natural circulation systems with  their

P
—

associated drums can no longer be used for the separation of

mixtures, since there 1s no mixture of the water and steam

phases with different densities. Here, the once-through
principle can then be used, that 1s to say a high-pressure pump

in the water-steam circult conveys, 1n a controlled manner,

precisely the right amount of water - also termed feed water -
into the waste heat steam generator, such that at the outlet of

the latter, in coordination with the predefined gas-side supply

of heat, the corresponding guantity of steam - also termed
fresh steam - emerges with the required supercritical steam
parameters. Such a waste heat steam generator with at least one

pressure stage operating according to the once-through

principle is known for example from WO 99/01697 Al.

Since a waste heat steam generator operating according to the
once-through principle requires no large-volume drums, which
require thick walls 1n order to be strong enough to cope with
the system pressure, such a steam generator 1s characterized by

a short start-up time. A critical variable 1n the context of

the configuration of such a waste heat steam generator 1s,

however, still the stable through-flow o©f the evaporator

heating surfaces ocver the entire load range of the combined

cycle power plant.

For the purpose of increasing thermal efficiency, currently

known combined cycle power plants usually have fuel preheating.
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This 1nvolves controlled withdrawal, from the water-steam
circuit, of part of the feed water heated in the preheater, at
a temperature of approximately 220°C- 240°C, at the outlet of

P

the preheater of the intermediate-pressure stage of the waste

heat steam generator, which feed water 1is fed to a heat
exchanger circuit for fuel preheating. In that context, a

suitable pressure control strategy of the intermediate-pressure

stage further ensures, over the entire load range, a sufficient
temperature, at this withdrawal point, of the medium

circulating in the water-steam circuit.

More recent research into waste heat steam generators designed
according to the once-through principle has now shown that
stable flow through the evaporator of the intermediate-pressure

stage can be achieved, even at the low pressures prevailing

pr—

there, 1f the tubing of the preheater and of the evaporator is

effected 1n one pass, that 1is to say without additional
pressure equalization, and in the preheating region of this
combined heating surface a sufficiently high pressure drop is

generated. This can be ensured by designing the tubes of this

heating surface with small internal diameters in the inlet
region, 1n which exclusively subcooled water flows over the
entire load range, so as to achieve the throttle pressure drop
required for stable flow through the intermediate-pressure
evaporator. To that end, however, it is necessary to dispense
with the outlet collector at the outlet of the preheater and

with the inlet distributor at the subsequent evaporator inlet.

However, this does away with the branching-off 1line, usually

provided at this point, for diverting heated water for

preheating fuel. In current combined cycle power plants,

omitting this fuel preheating is not desirable from the point

of view of the operation of the plant as a whole. A consequence

P

of relocating the branching-off 1line, for the purpose of

partially diverting the preheated feed water into a heat

exchanger clrcuit of the fuel preheating, from the outlet of
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cne preheater of the i1ntermediate-pressure stage to the outlet

r— gr—

of the preheater of the high-pressure stage would be that the

—

components of the heat exchanger circuit would have to be

configured and secured for markedly higher pressures, which
would 1n turn lead to a substantial cost increase. Switching to
the low-pressure stage 1s not possible, since 1n the low-

J—

pressure stage the quantitilies of heat and temperatures required

for the fuel preheating cannot be made available.

sSummary

The 1nvention therefore has the object of i1dentifying a

connection scheme for a waste heat steam generator with fuel

preheating 1n a combined cycle power plant, and a corresponding

method for operating such a combined cycle power plant, which

1s sultable for a waste heat steam generator configured

according to the once-through principle.

—

According to one aspect o©f the present 1nvention, there 1s

provided a combined cycle power plant having a waste heat steam

ﬁ

generator that has a multiplicity of heating surfaces which are

—

arranged 1n an exhaust gas duct of a gas turbine and are

connected to one another to form a three-stage pressure system,

consisting of a low-pressure stage, an 1intermedliate-pressure

stage and a high-pressure stage for a water-steam circuit of

the steam turbine, wherein each of the pressure stages has in

each case at least one heatling surface for preheating, for

evaporating and for superheating, and wherein a water-steam

separator, which 1s arranged Dbetween an outlet o©of the

ﬁ

evaporator heating surface and an 1inlet of the superheater

—

heating surface of the 1ntermediate-pressure stage and 1n which

CA 2924710 2017-06-08
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excess water can be separated from the steam, 1s provided with

r‘-
P—

a branching-off line for diverting the excess water, whereiln

the branching-off line 1s connected to a heat exchanger circuit

for preheating the fuel for the gas turbine such that a defined
quantity of excess water separated 1n the water-steam separator

1s 1ntroduced 1nto the heat exchanger circuit.

F

By vilirtue of the fact that, in a combined cycle power plant

having a waste heat steam generator that has a multiplicity of

heating surfaces which are arranged 1n the exhaust gas duct of

the gas turbine and are connected to one another to form a

f—

three-stage pressure system, consisting of a low-pressure

stage, an intermediate-pressure stage and a high-pressure stage

P

for the water—-steam circult of the steam turbiline, and each otf

the pressure stages has 1n each case at least one heating

surface for preheating, for evaporating and for superheating, a

0

water-steam separator, which 1s arranged between the outlet of

the evaporator heating surface and the inlet of the superheater

p—

heating surface of the intermediate-pressure stage and 1n which

excess water can be separated from the steam, 1s provided with

a branching-off line for diverting the excess water, and this

CA 29247710 2017-06-08
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branching-off line is connected to a heat exchanger circuit for

preneating the fuel for the gas turbine such that a defined

e

quantity of excess water separated in the water-steam separator

1s introduced into the heat exchanger circuit, and during load
operation of the combined cycle power plant, a water mass flow

fed to the waste heat steam generator is set such that the

evaporator heating surface of the intermediate-pressure stage
1s oversupplied and thus a defined quantity of excess water,
heated but not evaporated in the evaporator heating surface, is
diverted via the water-steam separator to a heat exchanger
circuit for preheating fuel for the gas turbine, it 1is also
possible, 1n such a circuit, for a both statically and
dynamically stable throughflow of the evaporator heating
surfaces of the intermediate-pressure stage to be achieved over

the entire load range.

Such a combined cycle power plant designed according to the

lnvention can thus be operated effectively both from the point

of view of the operation of the plant as a whole and also
taking into account economic aspects. Thus, by virtue of the
connection scheme according to the invention and the method
according to the invention, it 1s now possible to make

pre— p—

effective use both of the advantages of a waste heat steam

generator operatling according to the once-through principle and

0f the advantages of fuel preheating. It is thus for example
possible to omit the drum which would be necessary for
evaporators operating according to the natural circulation

principle. The oversupply required for the fuel preheating

additionally ensures further stabilization of the evaporator,

since the mass flow density increases both in the evaporator
and 1n particular in the economizer heating surface, which

generates the pressure drop necessary for flow stabilization.

It 1s thus possible either to broaden the permissible load
range of the 1ntermediate-pressure stage, which contributes to

an 1increase 1n the overall plant flexibility, or, given the
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same required load range, to reduce the internal diameter -
necessary for generating the pressure drop - of the
intermediate-pressure economizer heating surface plpes, which
results 1n a saving in terms of materials and thus costs. In

addition, 1n the case of such operation, temperature imbalances

of adjacent heating surface tubes and stresses resulting

therefrom in the evaporator heating surface cannot moreover be

assumed for system-related reasons, since all of the evaporator

tubes are at the same boiling temperature level.

As a consequence of the evaporator of the intermediate-pressure
stage being oversupplied according to the invention, water
constantly accumulates in the downstream water-steam separator.
In the water-steam separator, the excess water is separated
from the steam. The steam flows on into the superheater of the
intermediate-pressure stage, while the separated, heated water
1s now fed to the fuel preheater. In that context, in load

g—

operation of the combined cycle power plant, the evaporator is

to be oversupplied, by means of corresponding control of the

mass tflow of feed water fed to the waste heat steam generator,
such that the separated water 1is sufficient for the fuel

preheating. The evaporator throughflow which is to Dbe

controlled 1s thus governed, inter alia, by the quantity of

heat required by the fuel preheater.

In the event that no fuel preheating is required, e.g. in oil
operation, 1t 1s Dby contrast possible, by means of a
corresponding setting of the feed water mass flow, to operate
the evaporator of the intermediate-pressure stage with a
minimum superheating at the evaporator outlet of for example
10-15 K, such that no additional water accumulates in the

water-steam separator, which water would then, if necessary,

have to be discharged as waste water. In the case of

intermediate-pressure stages having an additionally integrated



831794329

¥

reclrculation pump in the branching-off line of the water-steam

separator, 1t 1s by contrast possible, 1n 0il operation, also

with oversupplied intermediate-pressure evaporator, for the

residual water separated 1n the water-steam separator to be

o

sultably returned to the 1inlet of the condensate preheater,

which would reduce the recirculation quantity of the condensate
recirculation, and 1in these circumstances, as the case may be,
a smaller condensate recirculation pump could be used (in oil
operation the system requlires the greatest condensate
recirculation). Further potential cost savings would thus be

concelvable also agalnst this backdrop, or the additional

financial outlay for the 1ntermediate-pressure recirculation

pump would be reduced.

It 1s thus 1n principle possible, with the method according to

g
—

the i1nvention, to react flexibly to different operating states

i

of the comblned cycle power plant.

Brief Description of the Drawings

gr—

The 1nvention will now be explained, by way of example, with

reference to the following figures. In the figures:

FIG 1 shows, schematically, a known set-up for a waste heat

steam generator,

FIG 2 shows, schematically, an 1nventive cilrcuit diagram for

a waste heat steam generator.

Detailed Description

The waste  heat steam generator 1 shown, 1n upright

configuration, 1s flowed through by hot flue gas RG from the

gas turbine. The cooled flue gas RG leaves the waste heat steam

P

generator 1 1n the direction of a chimney (not shown 1in more

pr— —

detail). In the waste heat steam generator, the hot flue gas is

CA 2924710 2017-06-08
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used to generate steam for the steam turbine. In that context,

f-'- F
p— a—

the transfer of heat takes place by means of a number of

—
p—

heating surfaces which are arranged in the form of tubes or

tube bundles 1n the waste heat steam generator. These are in

CA 2924710 2017-06-08
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turn connected in the water-steam circuit, comprising at least
one pressure stage, of the steam turbine. The heating surfaces
shown here 1n the waste heat steam generator form a three-stage

pressure system, consisting of a high-pressure stage, an

intermediate-pressure stage and a low-pressure stage. In that

context, each one of the pressure stages has heating surfaces

acting as preheater or economizer, evaporator and superheater,

I‘“

in which feed water from a water-steam cilrcuit, of the steam

turbine (not shown in greater detail) of the combined cycle
power plant, 1s 1in stages heated and evaporated, and this steam
can be supplied to the steam turbine. In addition, the waste

heat steam generator shown here also has a condensate preheater
2.

Thus, 1n the intermediate-pressure stage, feed water 1is
supplied in a controlled manner to the preheater 4 via a feed
water line SM. On the outlet side, the tubes of the preheater 4
open 1nto a common outlet collector 12 which is connected to an
inlet distributor 13 of the evaporator 6 connected downstream
of the preheater 4. On the outlet side, the heating surface
tubes of the evaporator 6 open, via a steam line, into a water-
steam separator 11. The connection of the steam line 1is

provided at the steam-side head end of the water-steam

separator 11, to which a further steam line is connected. This
steam line opens into the heating surfaces of the superheater
8. In the present example, there is also provided, between the
outlet of the superheater 8 and the main steam line DM, an
intermediate superheater surface 10. The water-steam separator

F

11 has, at 1its water-side bottom end, a branching-off line for

diverting the excess water. The heating surfaces 4, 6, 8 and 10
of the 1intermediate-pressure stage of the waste heat steam
generator 1 are thus connected into the water-steam circuit of
the steam turbine via the feed water line SM and the main steam

line DM, in a manner which 1s not shown in more detail. The
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F

heating surfaces of the low-pressure stage and of the high-

pressure stage are connected 1n a corresponding manner. In the
low-pressure stage, feed water flows from a feed water line SN
directly into an evaporator 3 and then into a superheater 5,
pefore 1t leaves the waste heat steam generator 1 as low-

pressure steam and 1s fed into the low-pressure main steam line

DN. In the high-pressure stage, feed water from a feed water

line SH flows into the preheater 4, thence into a further
economizer 7/, thence into the evaporator 9 and via the

superheater 10 as high-pressure steam back into the high-

pressure main steam line DH of the water-steam circuit of the

steam turbine. In terms of construction, in the present

embodiment the first economizer heating surface tubes of the
high-pressure stage and the economizer heating surface tubes of
the 1ntermediate-pressure stage are conflated to a common
heating surface 4, and also the superheater heating surface
tubes of the high-pressure stage are conflated with the heating

surface tubes of an intermediate superheater stage of the

intermediate-pressure stage to a common heating surface 10.

Figure 2 now shows an embodiment of the inventive connection

scheme for the heating surfaces of the intermediate-pressure

stage for a waste heat steam generator 1 operating according to
the once-through principle. The connection scheme for the
heating surfaces of the low-pressure and high-pressure stages

remalns unchanged. For the intermediate-pressure stage, both

the separate outlet collector at the outlet of the

intermediate-pressure economizer heating surface 4 and the

separate inlet collector of the intermediate-pressure
evaporator neating surface o are omltted. In these
clrcumstances, the tubes of the intermediate-pressure

economizer heating surface 4 transition directly, with no
physical separation, into those of the intermediate-pressure

evaporator heating surface 6. This way of connecting the
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lntermediate-pressure economizer and the intermediate-pressure
evaporator has substantial advantages for ensuring both the
static and dynamic flow stability of the evaporator, since the
pressure drop of the subcooled inlet medium, which is necessary

for generating the evaporator stability, can be generated by

means of suitable measures already in the intermediate-pressure
economizer heating surface 4 with no noteworthy drawbacks.

Taking into account this type of connection scheme, thus in the

case of the intermediate-pressure stage, the branching-off line

for diverting heated water to a heat exchanger circuit for fuel
preheating for the gas turbine is not provided between 12 and
13 as shown 1in figure 1, but is provided at the water-steam
separator 1ll1. According to the 1invention, 1t is thus possible,
during load operation of the combined cycle power plant, for a
water mass flow fed to the waste heat steam generator to be set

P

such that the evaporator heating surface 6 of the intermediate-

pressure stage 1s oversupplied and thus a defined gquantity of
excess water, heated but not evaporated 1n the evaporator
heating surface b, 1s diverted via the water-steam separator 11
and the branching-off line to a heat exchanger circuit for
preheating fuel for the gas turbine. In the present exemplary

embodiment, there 1s arranged in the branching-off line 15 a

recirculation pump 14 for support in case the pressure ratios

1n the heat exchanger circuit for the fuel preheating make this

necessary. By virtue of the fact that, in these circumstances,

use can pe made for the 1ntermediate-pressure stage of an
evaporator connection that has no physical separation, such as

by additional collectors or distributors, between  the

economlzer heating surface and the evaporator heating surface

and thus contains the economizer, the flow medium always has

sufficient subcooling at the heating surface inlet over the
entire load range. An economizer bypass connection c¢an, i1in
these circumstances, also be omitted, which implies a further

potential cost saving.
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CLAIMS:

L. A combined cycle power plant having a waste heat steam

g

generator that has a multiplicity of heating surfaces which are

pr—

arranged 1n an exhaust gas duct of a gas turbine and are

connected to one another to form a three-stage pressure systemnm,

F

consisting of a low-pressure stage, an 1ntermediate-pressure

stage and a high-pressure stage for a water-steam circulit of

the steam turbine, wherein each of the pressure stages has 1n

r

each case at least one heating surface for preheating, for

evaporating and for superheating, and wherein a water-steam

"-
—

separator, which 1s arranged Dbetween an outlet of the

g—

evaporator heating surface and an 1nlet of the superheater

,’.

heating surface of the intermediate-pressure stage and 1n which

excess water can be separated from the steam, 1s provided with

a branching-off line for diverting the excess water, wherein

pr— —
el

the branching-off line 1s connected to a heat exchanger circuit

for preheating the fuel for the gas turbine such that a defined

gquantity of excess water separated 1n the water-steam separator

1s 1ntroduced 1nto the heat exchanger circuit.

2 . The combined c¢ycle power plant as claimed in claim 1,

wherein the branching-off 1line has a recirculation pump.

3. A method for operating a comblned cycle power plant as

claimed in claim 1 or 2, wherein, during load operation of the

comblned cycle power plant, a water mass flow fed to a waste

heat steam generator configured according to the once-through

-

principle 1s set such that the evaporator heating surface of

the 1intermediate-pressure stage 1s oversupplied and thus a

#

defined quantity of excess water, heated but not evaporated in

CA 2924710 2017-06-08
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the evaporator heating surface, 1s diverted via the water-steam

separator to a heat exchanger circuit for preheating fuel for

the gas turbine.

CA 29247710 2017-06-08
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