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The invention relates to a method for operating a steam
generator with a combustion chamber having a plurality of
evaporator heating surfaces which are connected in a parallel
manner on the flow medium side. It also relates to such a

steam generator.

A steam generator is a closed, heated vessel or a pressure
tube system, which serves the purpose of generating steam of
high pressure and high temperature for heating and operating
purposes (e.g. to operate a steam turbine). Where there are
particularly high steam outputs and pressures, as for example
when generating energy in power plants, water tube boilers are
used, in which the flow medium - usually water - is present in
Ssteam generator tubes. Water tube boilers are also used for
the combustion of solid matter, as the combustion chamber in
which heat is generated by the combustion of the respective
solid matter can be embodied as required by the arrangement of

tube walls.

Such a steam generator with the structure of a water tube
boiler therefore comprises a combustion chamber, the enclosing
wall of which is formed at least partially from tube walls, in
other words steam generator tubes welded in a gas-tight
manner. On the flow medium side these steam generator tubes
first act in the manner of evaporator heating surfaces to form
an evaporator, in which unevaporated medium is introduced and
evaporated. The evaporator here is usually disposed in the
hottest region of the combustion chamber. Connected downstream
of it on the flow medium side, if required, are a facility for
separating water and steam and a superheater, in which the
steam is heated further beyond its evaporation temperature in
order to achieve a high degree of efficiency in a subsequent

heat engine, as for example during expansion in a steam
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turbine. A preheater (or economiser) can be connected upstream
of the evaporator on the flow medium side, to preheat the
supply water using waste heat or residual heat and thus also

to increase the efficiency of the plant as a whole.

US 5 293 842 A describes a method for operating a system for
steam generation, in which steam is generated from water by
indirect heat exchange with hot flue gas, wherein condensed
water is first preheated and then the preheated water is
evaporated at high pressure. EP 0 359 735 Al describes a waste
heat steam generator with a feed water container, which

exercises the function of a steam collecting drum.

Depending on the structure and geometry of the steam
generator, further steam generator tubes can be disposed
within the combustion chamber, being connected parallel to the
steam generator tubes forming the enclosing walls on the flow
medium side. They can be joined or welded together for example
to form an inner wall. Depending on the desired arrangement of
evaporator heating surfaces or inner walls within the
combustion chamber, it may be necessary to interleave inner
walls one behind the other on the flow medium side and to
connect their steam generator tubes by way of an intermediate

collector.

This is the case for example with the so-called pant-leg
design for steam generators with fluidised bed combustion.
With these two inner walls formed at least partially from
further steam generator tubes and disposed symmetrically in
the combustion chamber are connected upstream of an
intermediate collector on the flow medium side. The medium
flow from the upstream inner wall combines in the intermediate
collector and it serves as an inlet collector for a downstream

inner wall. The pant-leg design provides better mixing of the
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fuel mixture and therefore fewer possible distribution

problems on the combustion side.

However in certain operating states a steam content greater
than zero can already result in the intermediate collector.
Such a steam content renders impossible a regular distribution
of the medium to the downstream inner wall with a simple
collector, so that water/steam separation can occur.
Individual tubes of the downstream inner wall can thus have
such high steam contents or enthalpies at their inlet that
superheating of said tubes is very likely. Such superheating

can cause tube damage during longer-term operation.

The object of the invention is therefore to specify a method
for operating a steam generator of the type mentioned above
and a steam generator, which allow the steam generator to have
a particularly long service life and particularly little need

for repair.

According to the invention this object is achieved by a method

with the features of claim 1.

The invention is based on the consideration that a
particularly long service life and particularly little need
for repair could be achieved for an evaporator in a steam
generator, by preventing superheating of the steam generator
tubes due to excessively high steam contents or enthalpies.
Such high steam contents occur here in particular because
already partially evaporated flow medium is distributed in an
irregular manner to the downstream steam generator tubes when
collectors are connected in an intermediate manner. Such
irregular distribution should therefore be prevented by
avoiding two-phase mixing of water and steam in the

intermediate collector. This could be achieved, if the inner
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walls upstream of the intermediate collector did not feature
tubes, so that the medium subcools and enters the intermediate
collector without further preheating. However this solution
has structural disadvantages. Therefore the temperature of the
flow medium should be reduced at the inlet into the steam

generator instead.

However reducing the inlet temperature of the flow medium
makes the steam process less efficient and this is not
desirable. Also such a reduction is not necessary in steam
generator tubes that are heated less or in tube walls without
intermediate collectors - in particular in the enclosing walls
of the steam generator. To improve efficiency therefore, the
inlet temperature should not be reduced in such steam
generator tubes. This can be achieved by supplying flow medium
to evaporator heating surfaces with downstream intermediate
collectors - e.g. the inner walls in the case of the pant-leg
design - at a lower temperature than to other evaporator

heating surfaces.

To improve efficiency and to optimise the heating surface
arrangement, a preheater is connected upstream of the inlets
of the enclosing walls and the inner walls of a steam
generator. This uses waste heat to preheat the flow medium.
The lower waste gas temperature produced when waste heat is
used makes the steam generator more efficient. The steam
generator can have a particularly simple structure, as the
different temperature at the inner wall and enclosing wall of
the steam generator is achieved by structural measures at the
preheating facility, in other words by supplying mediums with
a different degree of preheating. To this end a first part of
the flow medium is conducted past the preheater. This can be
done using a bypass line. It is thus possible to bypass the

preheater of the preheating facility in a structurally simple
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manner, so that less heat is input into the bypassed part of
the flow medium. This can then be supplied to the inlet of the

first evaporator heating surface at a lower temperature.

In order to achieve a temperature that is not excessively
reduced in the evaporator heating surfaces subjected to cooler
flow medium, the first part of the flow medium should be mixed
with a second part that is branched after the preheater on the
flow medium side. A particularly tailored reduction of the
temperature of the flow medium supplied to the first

evaporator heating surface is thus achieved.

The mass throughflow of the second part-flow advantageously
has an upper limit here. This limit can be applied by way of a
manual regulating or control valve for setting a quantity
limit for the second control flow. A direction-based limit
should also be provided by a non-return valve in order not to
cool the main flow of the preheater outlet flow, from which

the second part-flow is branched, in an undesirable manner.

In order to achieve particularly simple tailoring of the
temperature of the flow medium supplied to the first
evaporator heating surface, the mass throughflow of the first
part-flow should advantageously be regulated based on
thermodynamic characteristics at a measurement point
downstream of the inlet of the first evaporator heating
surface. A regulating valve can be disposed in the bypass line
of the preheater for this purpose. If the plant is operated at
supercritical pressures, at which water and steam cannot occur
simultaneously at any temperature and therefore phase
separation is also not possible, there is no risk of the
separation described above and the part of the flow medium
conducted past the preheater can be reduced to zero. If the

Ssteam generator is operated at subcritical pressures in the
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evaporator, as for example during partial load operating mode
of a modern variable pressure boiler, a certain level of
subcooling must be observed to prevent the separation of the
two mediums, this being determined using thermodynamic
characteristics at a measurement point behind the first

evaporator heating surface.

In order, with the pant-leg design steam generators described
above, to achieve a particularly targeted consideration of the
thermodynamic states in the intermediate collector of the
inner wall, where the problem of the separation of steam and
water components leads to irregular distribution to the
following tubes, the measurement point here should
advantageously be disposed in an intermediate collector

connected downstream of the first evaporator heating surface.

In an advantageous embodiment the thermodynamic characteristic
is considered in such a manner that pressure and temperature
are used as thermodynamic characteristics, with the saturated
Steam temperature being determined from the measured pressure
and the actual subcooling value being determined based on the
measured temperature. Subcooling can thus be determined
directly as a decisive variable for the problems under

discussion.

For particularly simple regulation a setpoint value is
advantageously predefined for subcooling and the mass
throughflow of the first part-flow is regulated based on the
deviation between the actual and setpoint values for
subcooling. If the actual value for subcooling is lower than
the setpoint value, the mass throughflow of the first part-
flow is advantageously increased. Thus if subcooling is
inadequate, the regulating valve in the part-flow removed

before the preheater is opened again, so that the temperature
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of the flow medium supplied to the inlets is reduced and
therefore subcooling is increased. If subcooling is excessive,

the regulating valve is closed.

As the load of the steam generator falls or rises, more or
less flow medium is supplied to the evaporator by way of the
main supply water regulating circuit. The components of the
flow medium mass flow supplied to the different parallel
evaporator heating surfaces remain almost constant over the
load. It is therefore possible to calculate a setpoint wvalue
for the mass flow for the first evaporator heating surface
using design calculations. In order to achieve particularly
precise mass flow regulation for the evaporator heating
surfaces to be subjected to colder flow medium, the mass
throughflow of the second part-flow is advantageously
regulated based on the mass throughflow of the flow medium

supplied to the first evaporator heating surface.

A further regulation of the mass throughflow of the flow
medium supplied to the first evaporator heating surface can
take place taking into account a water/steam separation
facility downstream of the evaporator heating surfaces. In an
advantageous embodiment the flow of the medium supplied to the
first evaporator heating surface is regulated based on the

outlet enthalpy of the evaporator.

The outlet enthalpy here is advantageously determined based on
the temperature of the flow medium at the last evaporator
heating surface connected downstream of the first evaporator
heating surface on the flow medium side and the pressure in
the water/steam separation facility. Regulation of the outlet
enthalpy to the mean fluid enthalpy in the separator is
favourable here. The setpoint value of the evaporator outlet

enthalpy should be stored here as a function of load in the
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main regulating circuit. In any case the outlet temperature of
the fluid should be limited so that the maximum permissible

material temperature is not exceeded.

The advantages achieved with the invention consist in
particular of the fact that using two mediums with different
levels of subcooling to supply the different evaporator parts
(enclosing walls and inner walls) means that the problem of
water/steam separation in the intermediate collector is
reliably avoided. In contrast to a solution with reduced inlet
enthalpy for all evaporator parts, the evaporator does not
have to be enlarged or only has to be enlarged slightly to

ensure a sufficiently high outlet enthalpy at the evaporator.

An embodiment of the steam generator as a forced-circulation
boiler has a number of advantages. Forced-circulation steam
generators can be used both for subcritical and for
supercritical pressure without changing the method technology.
Only the wall thicknesses of the tubes and collectors have to
be dimensioned for the specified pressure. The circulation
principle is therefore part of a trend identified throughout
the world for increasing efficiency by enhancing the steam

states.

Operation of the plant as a whole with variable pressure is
also possible. In variable pressure mode temperatures in the
high-pressure part of the turbine remain constant over the
entire load range. The large dimensions in respect of the
diameter and wall thickness of the component mean that the
turbine is subject to a much greater load than the boiler
components. Variable pressure mode therefore has advantages in
respect of load change speeds, number of load changes and

starts.
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An exemplary embodiment of the invention is described in more

detail below with reference to a drawing, in which:

Figure 1 shows a schematic diagram of the lower part of the
combustion chamber of a forced-circulation steam
generator with fluidised bed combustion with a
partially bypassed preheating facility,

Figure 2 shows the circulation steam generator from Figure
1 with regulation of the throughflow to the inner
walls,

Figure 3 shows the circulation steam generator from Figure
1 with regulation of the outlet enthalpy of the
inner walls, and

Figure 4 shows a graph, illustrating specific enthalpy and
pressure of the flow medium in different regions
of the circulation steam generator with different

loads.

Identical parts are shown with the same reference characters

in all the figures.

The steam generator 1 illustrated schematically in Figure 1 is
embodied as a forced-circulation steam generator. It comprises
a number of tube walls, which are formed from steam generator
tubes and contain an upward flow, specifically an enclosing
wall 2 and symmetrically disposed, angled inner walls 4,
connected downstream of which by way of an intermediate
collector 6 on the flow medium side is a further inner wall 8.
The circulation steam generator 1 is thus embodied with the

so-called pant-leg design.

Flow medium passes through the inlets 10, 12 assigned
respectively to the enclosing wall 2 and inner walls 4 into

the tube walls. In the interior 4 a solid fuel i1s combusted in



10

15

20

25

30

DK/EP 2567151 T3

10

the manner of fluidised bed combustion, as a result of which
heat is input into the tube walls, bringing about heating and
evaporation of the flow medium. If the medium enters all the
tube walls with the same enthalpy, the steam content in the
intermediate collector 6 can be so high that there is
irregular distribution to the tubes of the inner wall 8 with

the result that the tubes with a high steam content superheat.

To avoid the disadvantages that would result, such as for
example a shorter service life or a greater need for repair,
flow medium is supplied to the inner walls 4 upstream of the
intermediate collector 6 at a lower temperature than to the
enclosing wall 2. Provision is therefore made first in the
steam generator 1 for modifications to the preheater 16, which

ensure different heat inputs into the different medium flows.

To this end a branch point 18 is provided upstream of the
preheater 16 on the flow medium side according to Figure 1. A
part of the flow medium is thus directed around the preheater
16 in a bypass line 20. A further branch point 22 is initially
provided downstream of the preheater 16 in a flow medium side
direction, with a line passing from it to the inlets 10 of the
enclosing wall 2. A part of the preheated flow medium is thus
supplied to the enclosing wall 2. Another part of the
preheated flow medium is conveyed in a line 24, which meets
the bypass line 20 at a mixing point 26. The mixing of the
medium flows here produces a medium at lower temperature,

which is then supplied to the inlets 12 of the inner walls 4.

A non-return valve 30 is disposed in the line 24, to prevent
undesirable cooling by a return flow into the branch point 22.
A manual throughflow regulating valve 32 is also provided,
which limits the branched mass flow of preheated medium

upward. An automatic throughflow regulating valve 28 in the
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bypass line 20 allows the quantity of bypassed flow medium and
therefore the temperature of the flow medium supplied to the

inner walls 4 to be easily regulated.

Pressure p and temperature T in the intermediate collector 6
are used as input variables for automatic regulation in the
throughflow regulating valve 28. The saturated steam
temperature is first determined from the determined pressure,
its difference in respect of the determined temperature T
giving the actual subcooling. In order to prevent separation
of water and steam in the intermediate collector 6, a setpoint
subcooling in the intermediate collector 6 is predefined. If
the actual subcooling is below the setpoint subcooling, the
automatic throughflow regulating valve 28 is closed further so
that the temperature at the inlets 12 rises. Conversely the
throughflow regulating valve 28 is opened further. If pressure
and temperature are above the critical point of the flow
medium, the throughflow regulating valve 28 is closed
completely, since at supercritical pressures water and steam
cannot occur simultaneously at any temperature and therefore
separation can no longer occur in the intermediate collector

6.

Figure 2 shows an alternative embodiment of the invention. The
steam generator 1 here is identical to Figure 1 apart from the
throughflow regulating valve 32. The throughflow regulating
valve 32 here is automated like the regulating valve 28. This
also allows the quantity of medium supplied to the inner walls
4 to be regulated. The input variable for regulation here is
the overall flow F to the inlets 12, which is determined at a
measurement point 34. The overall flow F here is conveyed
based on a setpoint value determined by means of design

calculations.
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A further embodiment of the invention is illustrated in Figure
3. The steam generator 1 here is identical to Figure 2 but
further components are illustrated, specifically the outlet 36
of the inner wall 8 and the outlets 38 of the enclosing wall
2. The medium flows from the outlets 36, 38 are combined and
conveyed to a water/steam separator 40. The main regulating
circuit, which regulates the entire quantity of flow medium
supplied to the steam generator 1 by means of a throughflow
regulating valve 42, is also shown here. Pressure p and
temperature T at the steam-side outlet of the water/steam
separator 40 serve as input variables for regulating the

overall medium flow here.

In Figure 3 the quantity of flow medium supplied to the inner
walls 4 by way of the inlets 12 is regulated as a function of
the outlet enthalpy of the inner wall 8. This is determined
based on the temperature T at the outlet 36 of the inner wall
8 and the pressure p in the water/steam separator 40.
Provision is made here for the mean fluid enthalpy in the
water/steam separator 40 to be the setpoint value for the
outlet enthalpy of the inner wall 8. The outlet temperature at
the outlet 40 is also limited above the maximum permissible

material temperature.

Figure 4 finally shows a state diagram for water/steam, in
which the states of the flow medium are shown in different
regions of the steam generator. The diagram shows the specific
enthalpy h in kJ/kg against the pressure p in bar. Lines of
identical temperature T, in other words isotherms 44, are
shown first, their respective temperature values being
indicated on the right axis of the graph in degrees Celsius.
The bulge-like structure 46 on the left side of the graph
shows the steam content of the water/steam mixture. Outside

the structure 46 the medium is single-phase, in other words
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only medium in an aggregate state is present. The peak of the
structure 46 at around 2100 kJ/kg and 221 bar here marks the
critical point 48. When the pressure rises above 221 bar,
water and steam do not occur simultaneously at any

temperature.

A water/steam mixture is present within the structure 46. The
proportion of water and steam is shown here with
characteristic lines 50 at 10 percent intervals, from 0% steam
content at characteristic line 52 to 100% steam content at
characteristic line 54. The characteristic lines 50, 52, 54
converge here at the critical point 48. Within the structure
46 the isotherms 44 run perpendicular to the pressure axis, so
they are also isobars. An energy input into the medium at
constant pressure therefore does not bring about a higher
temperature but rather a displacement of the water/steam

component toward more steam.

Depending on the load state of the steam generator 1 the steam
process within the steam generator 1 runs on different load
characteristic lines 56, 58, 60, which are not isobars, as the
pressure losses of the heating surfaces are shown. The load
essentially determines the pressure within the system as a
whole. Load characteristic line 56 represents the steam
process at 100% load, load characteristic line 58 the steam
process at 70% load and load characteristic line 60 the steam
process at 40% load. Points A, B, C, D here respectively
represent the state of the flow medium at different points of
the steam generator 1, initially still without the inventive
separate regulation of the temperature at the inlets 12 of the
inner walls 4: point A the state at the inlet of the preheater
16, point B the state at the inlet 12 of the inner walls 4,
point C the state in the intermediate collector 6 and point D

the state at the outlet of the evaporator.
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As shown in Figure 4 at 100% load the steam generator is
operated completely in the supercritical region. At no point
A, B, C, D on the load characteristic line 56 is it possible
to distinguish water and steam, so separation cannot occur. At
70% load the subcritical region has already been reached but
only a small part of the load characteristic line 58 lies
within the structure 46. Points A, B, C of the load
characteristic line 58 are still below the structure 46 and
single-phase water is present. Separation cannot occur in the

intermediate collector 6 here either.

However at 40% load a significant part of the load
characteristic line 60 lies within the structure 46. Points A
and B on the load characteristic line 60 are still below the
structure 46, so single-phase water is still present here.
Point C on the load characteristic line 60 however lies within
the structure 46 with a steam component of 10%. The described
separation in the intermediate collector 6 can take place
here. However if a part of the flow medium is conveyed past
the preheater 16, which is achieved in pressure regions below
the load characteristic line 62 by opening the throughflow
regulating valve 28, the temperature and therefore the energy
content of the flow medium are specifically reduced. On load
characteristic line 60 point E then shows the state of the
flow medium at the inlet 12 of the inner walls 4 with a
reduced temperature. This also reduces the energy content in
the intermediate collector 6, as shown by point F on load
characteristic line 60. This point F is now outside the
structure 46, so single-phase water is present here and

separation is reliably prevented.



10

15

20

25

30

35

DK/EP 2567151 T3

Patentkrav

1. Fremgangsmade til drift af en dampgenerator (1) med et breendkammer
med en flerhed af pa stromningsmediumsiden parallelkoblede fordamper-
varmeflader (2, 4, 8), hvor der til en indgang (12) i en fgrste fordampervarme-
flade (4) fores et stramningsmedium med en lavere temperatur end en ind-
gang (10) i en anden fordampervarmeflade (2),

kendetegnet ved, at en forvarmer (16) er forankoblet indgangene (10, 12)
pa stramningsmediumsiden, og hvor en fgrste del af stramningsmediet ledes
forbi forvarmeren (16), og hvor den farste del af stramningsmediet blandes
med en anden del, der er afgrenet pa stramningsmediumsiden efter forvar-
meren (16).

2. Fremgangsmade ifelge krav 1, hvor massegennemstromningen af den
anden delstrgm begraenses opad.

3. Fremgangsmade ifolge et af kravene 1 eller 2, hvor massegennemstrogm-
ningen af den forste delstrom reguleres pa grundlag af termodynamiske ka-
rakteristiske veaerdier ved et malepunkt, som er efterkoblet indgangen (12) i
den fgrste fordampervarmeflade (4).

4. Fremgangsmade ifglge krav 3, hvor méalepunktet anbringes i en mellem-
opsamlingsindretning (6), som er efterkoblet den forste fordampervarmefla-
de.

5. Fremgangsmade ifglge krav 3 eller 4, hvor tryk (p) og temperatur (T) an-
vendes som termodynamiske karakteristiske veerdier, hvor den meettede
damptemperatur bestemmes ud fra det méalte tryk (p), og den aktuelle vaerdi
for underafkglingen bestemmes pa grundlag af den malte temperatur (T).

6. Fremgangsmade ifglge krav 5, hvor der foruddefineres en indstillingsvaerdi
for underafkglingen, og hvor massegennemstramningen af den forste del-
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strom reguleres pa grundlag af afvigelsen fra gjebliksveerdien og indstillings-
veerdien for underafkglingen.

7. Fremgangsméade ifolge krav 6, hvor massegennemstrgmningen af den
forste delstrom gges ved en lavere gjebliksveerdi end indstillingsveerdi for
underafkalingen.

8. Fremgangsmade ifglge et af de foregdende krav, hvor massegennem-
stromingen af den anden delstram reguleres p& grundlag af massegennem-
stromningen af stramningsmediet, som tilfgres den forste fordampervarme-
flade (4).

9. Fremgangsmade ifolge et af de foregaende krav, hvor strammen af medi-
et, der tilfores den forste fordampervarmeflade (4), reguleres pa grundlag af
udgangsentalpien af den sidste fordampervarmeflade (8), som er efterkoblet
den fgrste fordampervarmeflade (4) pa stremningsmediumsiden.

10. Fremgangsmade ifolge krav 9, hvor udgangsentalpien af fordampervar-
mefladen (8) bestemmes pa grundlag af temperaturen ved udgangen (36) af
stramningsmediet pa den sidste fordampervarmeflade (8), som er efterkoblet
den forste fordampervarmeflade (4) pa stramningsmediumsiden, og trykket i
en vand-damp-udskiller (40), som pé& stramningsmediumsiden er efterkoblet
fordampervarmefladerne (2, 4, 8).

11. Dampgenerator (1) med midler til at udfere fremgangsmaden ifglge et af
kravene 1 til 10.
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