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(57) Abrégée/Abstract:
The invention Iintroduces a method for operating a gas turbine plant (1) having a gas turbine (100) and an electric generator (200)
driven by the gas turbine (100). The method has at least the following steps: detecting an instantaneous power of the gas turbine
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plant (1); comparing the detected instantaneous power with a power limit value; and limiting the instantaneous power when the
result of the comparison Is that the detected instantaneous power Is equal to or greater than the power limit value. According to the
Invention, a step of detecting at least one operating parameter of the gas turbine plant (1) and a step of determining the power limit
value as a function of the at least one detected operating parameter are then provided, wherein the at least one operating

parameter of the gas turbine plant (1) comprises an ambient pressure and the power limit value Is increased when the ambient
pressure increases.
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Abstract

The invention introduces a method for operating a gas turbine plant (1) having a gas
turbine (100) and an electric generator (200) driven by the gas turbine (100). The method has at
least the following steps: detecting an instantaneous power of the gas turbine plant (1);
comparing the detected instantaneous power with a power limit value; and limiting the
instantaneous power when the result of the comparison is that the detected mnstantaneous power
is equal to or greater than the power limit value. According to the invention, a step of detecting at
least one operating parameter of the gas turbine plant (1) and a step of determining the power
limit value as a function of the at least one detected operating parameter are then provided,
wherein the at least one operating parameter of the gas turbine plant (1) comprises an ambient
pressure and the power limit value is increased when the ambient pressure increases.
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Description

Variable limit-power control for gas turbines

The 1nvention relates to a method for operating a gas turbine

plant and to a gas turbine plant operated 1n accordance with

the method.

F

The power 1limit of a gas turbine 1s the power at which a gas

turblne can be operated at a maximum, and 1s determined by the

mechanical 1integrity of the 1ndividual components of the gas

)

turbine. The component which first reaches the l1imit of 1its

mechanical load-bearing ability 1s decisive for the power limit

of the gas turbine. Typically, these components are the

downstream turbine blades 1n the main flow direction which,

because of their radius and the greater centrifugal forces

assoclated therewith and acting on the turbine blades, are most

highly loaded.

In order to achieve the highest possible energy yield from the

gas turbine, 1t 1s operated as close as possible to the power

P

limit. The 1nstantaneous power of the gas turbine is usually

determined 1indirectly at the electrical outputs from an
electric generator driven by the gas turbine in the gas turbine
plant, by measuring the currents, voltages and possibly phase
angles, since 1t 1s assumed that the instantaneous output power

ftrom the electric generator depends directly on the

instantaneous power.

The 1nstantaneous power of the gas turbine can briefly reach or

exceed the power limit defined for the gas turbine on account

ﬁ

of fluctuations 1n operating parameters. In this case, the gas

turbine 1s throttled 1in order to ensure 1ts mechanical

integrity.
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Furthermore, it is also known, for example from US 2013/227954

Al or US 6718771 Bl, that the power 1limit wvalue can be

determined variably, depending on the ambient temperature,
wherein the power limit value rises with falling temperatures.
However, the problem with such a dependence 1s that the power

f—

limit adaptation for changing ambient conditions can be

determined only in a restrictive manner.

The object of the invention is to provide an 1improved method

for the operation of a gas turbine plant, 1n particular one

which can also be adapted to further changing ambient

conditions.

The invention therefore introduces a method for operating a gas
turbine plant having a gas turbine and an electric generator

driven by the gas turbine. The method has at least the

following steps:

-

= detecting an instantaneous power of the gas turbine plant;

- comparing the detected instantaneous power with a power

1limit value; and

= limiting the instantaneous power when the result of the
comparison 1is that the detected instantaneous power 1S

equal to or greater than the power limit value. Accordilng

to the invention, a step o0of detecting at least one

operating parameter of the gas turbine plant and a step of

gr—

determining the power limit value as a function of the at

least one detected operating parameter are provided.

According to the invention, the power 1limit wvalue 1s to Dbe
1ncreased when the amblent pressure lncreases and,

respectively, the power limit value 1s to be reduced when the

ambient pressure falls. The changes in the ambient pressure act

in the same way as the ambient temperature on the mass flow of
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the compressor. Here, it 1s also possible to determine the mass

flow of the compressor by using measurements and/or

calculations, 1f appropriate as a function of the ambient
temperature and the ambient pressure, as operating parameters

of the gas turbine, and to select the power limit value as a

afr—

H

function of this mass flow. For this purpose, 1f appropriate,

further operating parameters such as the compressor outlet

pressure or compressor outlet temperature can be taken 1nto

account.

The 1invention additionally has the advantage that a higher

energy yield is achieved in that a wvariable power limit 1s used

for the control of the gas turbine plant. The 1nvention 1s

based on and incorporates the understanding that the limitation

through the electrical output power measured on the Jgenerator

cannot be inferred directly from a c¢ritical 1instantaneous

loading of the gas turbine, which 1s determined by the flow-

based and mechanical rotation conditions 1n the gas turbine,

for every operating state of the gas turbine plant. Thus,

changes 1in the operating parameters of the gas turbine can

permit a higher 1instantaneous power of the gas turbine which,

under all other operating conditions, would represent an

impermissibly high loading. A fixed power limit value which 1s

applied equally to all the operating states of the gas turbine

must be chosen so conservatively that i1t ensures the mechanical

integrity of the gas turbine for all operating states. However,

F

the use according to the 1nvention of a variable power limit

value, which 1s determined as a function of the operating

parameters actually present at a gilven time, 1n specific

situations permits the i1nstantaneous power of the gas turbilne

plant to go beyond such a conservatively chosen power limit

value, which means that the total energy yield and therefore

—
—

the profitability of the gas turbine plant rises. In

particular, adaptation of the power 1limit wvalue to further
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varying ambilent conditions 1s provided, so that more accurate

and more flexible adaptation can be made.

”

The at least one operating parameter of the gas turblne plant

preferably further comprises at least one selected operating

P

parameter from an ambient temperature, a total running time of

the gas turbine and a total energy vield from the gas turbine

plant. These operating parameters are those which directly

influence the instantaneous power of the gas turbine (ambient

i

temperature) and have an effect on the mechanical load limit of

the gas turbine (total running time and total energy yield).

P
Puls

These operating parameters can, 1f appropriate, be determined

by sensors such as thermocouples o©or pressure sensors.

Alternatively, these operating parameters can also be used

F

instead of the ambient pressure operating parameter to

determine a power limit wvalue.

P

The power 1limit wvalue 1s reduced 1f the total running time of

the gas turbine exceeds a previously determined threshold

F

value. This embodiment of the invention takes account of the

fact that the loading relative to the measured power on the

generator also rises with 1increasing aging. Accordingly, with

otherwise 1dentical gas turbines having different aggregate
running times, higher power limit values can be selected for

those with the lower running times than for the others. Here,

the load-bearing ability of the components changes far less

than the power vield wilith the same mechanical loading. The

aging can be predefined either 1n the form of a fleet-specific

characteristic or in the form of a calculation from operating

parameters. This permits suiltable power limit values also to be

selected following a repair or modification to the gas turbine,

ﬁ

1n which i1ndividual components of the gas turbine were replaced

Or repalred.
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P

The instantaneous power of the gas turbine plant can be determined

by an electrical output from the electric generator of the gas

turbine plant being determined. Alternatively, however, 1t 1s also

F

possible to determine the instantaneous power of the gas turbine

F F
—

plant by an instantaneous turbine power of the gas turbine of the

gas turbine plant being determined. The determination of the

fr—

electrical output from the generator of the gas turbine plant can

be carried out simply and, 1n many existing gas turbine plants,

1s possible without constructional change. The use of the

instantaneous turbine power, on the other hand, has the

advantage that the forces and loadings actually acting on the

gr—
p—

individual components of the gas turbine can be derived

directly, so that suitable power limit values follow directly.
The control can thus be based directly on a new controlled
variable, namely the 1nstantaneous turbline power from the gas
turbine, which 1s determined via mathematical modeling on the

P

baslis o©f the operating conditions determined by measurement

and/or known 1in the system. Here, the instantaneous turbine

P
-

power can also be found by considering the respective powers of

the different turbine stages, which can also be 1ncorporated 1n

the control separately as controlled variable.

The 1nstantaneous power can be limited, for example, Dby a

compressor mass flow of a compressor of the gas turbine being

limited. This can be achieved by different measures, such as

F

adjustment of a row of wvariable guide vanes of the compressor

or by using a wet-compression method through a reduction of the

P

quantity of water 1njected 1nto the compressor.

A second aspect of the i1nvention relates to a gas turbilne plant
having a gas turbine, an electric generator connected to the
gas turbine, and a control unit which 1s connected to the gas
turbine and the electric generator and which 1s designed to

carry out thé method according to the invention.
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In addition, the invention relates to a computer—-readable data

carrlier having computer-executable program code which, executed

by a control unit of such a gas turbilne plant, carries out the

method according to the 1nvention. The existing 1nstallations

of gas turbiline plants can be modified by updating theilir control

e

software 1n such a way that they make use of the inventilion.

The 1nvention will be explained 1n more detail below by using

F

depictions of exemplary embodiments. In the drawings:

figure 1 shows a gas turbine plant according to the 1nvention;

figure 2 shows an example of a gas turbine 1in a partial

longitudinal section;

P

figure 3 shows a first graph which explains the power of a gas

turbine as a function of temperature, as 1s known,

for example, from the prior art; and

figure 4 shows a second graph, which explains the power of a

gas turbine once more as a function of temperature.

F'igure 1 shows a gas turbine plant 1 according to the

invention, which comprises a gas turbine 100, which is connected
via a shaft 300 to an electric generator 200 and drives the

latter. The electric generator 200 converts the rotational energy

provided by the gas turbine 100 into electrical energy and outputs

sald enerqgy via electrical connections.

Figure 2 shows an exemplary embodiment of a gas turbine, such as

can be used 1n a gas turbine plant according to the invention, in

a partial longitudinal section.
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The gas turbine 100 has in the interior a rotor 103 mounted such

#

that it can rotate about an axis of rotation 102 and having a

shaft 101, which is also designated as a turbine rotor.

Along the rotor 103, an intake housing 104, a compressor 105, a

combustion chamber 110, which 1is torus-like, for example, 1n

P
—

particular an annular combustion chamber, having a plurality of

coaxially arranged burners 107, a turbine 108 and the exhaust gas

housing 109 follow one another.

From the combustion chamber 110, the hot gas expands 1n an

annular hot-gas duct 111 of the turbine. There, for example

four turbine stages 112 connected one after another form the

turbine 108.

FEach turbine stage 112 is formed, for example, from two blade

rings. As viewed in the flow direction of a working medium 113,

in the hot-gas duct 111 a row of guide vanes 115 1s followed by
a row 125 formed of rotor blades 120. The rotor blades 120

normally constitute those components with the highest loading,

wherein the loading of the rotor blades 120 increases 1n the

flow direction of the working medium 113 because of the
increasing radii of the device. These components therefore

critically determine the power limit value.

The guide wvanes 130 are fixed to an 1inner housing 138 of a

Jr—
—

stator 143, whereas the rotor blades 120 of a row 125 are, for

P

example, fixed to the rotor 103 by means of a turbine disk 133.

An electric generator (not illustrated) 1s coupled to the rotor
103.

During the operation of the gas turbine 100, air 135 1s sucked
in through the intake housing 104 by the compressor 105 and 1is

compressed. The compressed air provided at the turbine-side end
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of the compressor 105 is led to the burners 107 and there 1s

mixed with a fuel. The mixture 1is then burned 1n the

combustion chamber 110, forming the working medium 113. From

said chamber, the working medium 113 flows out along the hot-
gas duct 111 past the guide vanes 130 and the rotor blades 120.
The working medium 113 expands on the rotor Dblades 120,
transmitting momentum, so that the rotor blades 120 drive the

rotor 103 and the latter drives the working machine coupled

thereto.

The components exposed to the hot working medium 113 undergo

F

thermal loading during the operation of the gas turbine 100.

F

The guide vanes 130 and rotor blades 120 of the first turbine

P

stage 112, seen in the flow direction of the working medilium

113, are most thermally loaded, apart from the heat-shield

elements lining the annular combustion chamber 110.

The guide vanes 130 have a guide vane foot (not shown here)

F

facing the inner housing 138 of the turbine 108, and a guilde

vane head opposite the guide vane foot. The guide vane head

faces the rotor 103 and 1is fixed to a fixing ring 140 of the

stator 143.

Figure 3 shows a first graph, which explains the power from a

gas turbine as a function of temperature, as 1s known from the

#

prior art, for example. Here, the electrical output of the gas

turbine plant 1s plotted as a continuous line, and the turbine

P

power of the gas turbine 1s plotted as a dashed line agalnst

the ambient temperature T, wherein the two aforementioned

powers are normalized to their respective power limit value.

The gas turbine plant 1s operated 1n accordance with the

conventional procedure 1in the example of figure 3. It can be

F

seen that, for high temperatures, because of the reduced
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density of the ambient air and the mass flow of the compressor

of the gas turbine, which 1s reduced as a result, the

y—

electrical output from the gas turbine plant remains below the

set limit and decreases further with 1ncreasing ambilent

temperature. The turbine power from the gas turbine, which

determines the actual loading of the turbine section of the gas

turbine, exhibits a corresponding behavior. With fallilng

ambient temperatures, the ailr taken 1in by the compressor

becomes denser, so that the gas turbine can be provided with a

greater mass flow from the compressor, which necessitates a

correspondingly rising turbine power and also electrical

output. If the electrical output reaches a previously
determined maximum value which, 1n the example shown, takes

place at an ambient temperature Ty, 1t 1s limited and possibly

kept close to the maximum value, which can be done by control

actions on the compressor. At the ambient temperature Ty, the

turbine power from the gas turbine also reaches 1ts maximum

permissible value. If the ambilent temperature falls further,
the electrical output 1s kept constant but the gas turblne 1is

able to reach this electrical output with a smaller and smaller

turbine power from the gas turbine. This 1s explalned by the

fact that the rotational energy taken from the hot gas stream

of the burned fuel by the turblne section 1s again output

partially to the compressor which compresses the combustion

alr. Since, because of the falling temperatures and a falling

compressor mass flow, less compressor work has to pbe expended,

a correspondingly greater part of the rotational energy can be

converted into electrical energy 1n the electric generator.

fr—

However, since the electrical output of the generator 1s then

kept constant, the gas turbine 1s able to provide this

electrical output with a decreasing turbine power as the

amblient temperatures fall. Accordingly, the loading of the gas

turbine at Jlow temperatures also falls below the maximum

permissible amount.
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Figure 4 shows a further graph, which explains the power from a

P

gas turbine as a function of temperature. Here, once more the

electrical output from the gas turbiline plant 1s plotted as a

continuous line and the turbine power from the gas turbine 1is

plotted as a dashed line against the amblent temperature T. The

behavior above the ambient temperature Ty corresponds to that

F
p—

of figure 3, so that repetition of the above explanations can

be omitted. Below the ambilient temperature Ty, however, the gas

turbine is then controlled in such a way that the power limit

value is determined as a function of the prevailing operating

conditions. The aim here 1s to keep the turbine power as

controlled variable at i1ts maximum permissible value. However,

with falling ambient temperatures with a decreasing compressor

power, the desired mass flow of the compressor air can be

provided, so that a correspondingly higher proportion of the
turbine power can be output to the electric generator. The
consequence of this 1s a corresponding 1ncrease 1n the

electrical output from the gas turbine plant. The economic

potential of the invention can be read off from the hatched

area A 1n figure 4. While figures 3 and 4 refer to the ambient

temperature, corresponding statements 1n the sense o0f the
present i1nvention can be made 1n relation to the air pressure,

although the action of a rising alr pressure has to be compared

P

with that of a decreasing ambilient temperature, and that of a

-

falling alir pressure has to be compared with that of an

lncreasing ampient temperature.

Although the invention has been 1llustrated and described in

more detaill through the preferred exemplary embodiment, the
invention 1s not restricted by the examples disclosed.

Variations therefrom can be derived by those skilled in the art

without departing from the protective scope of the invention as
1t 1s defined by the followling patent claims.
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Patent claims

A method for operating a gas turbine plant (1) having a
gas turbine (100) and an electric generator (200) driven
by the gas turbine (100), the method having at least the

following steps:

- detecting an instantaneous power of the gas turbilne
plant (1)
- comparing the detected instantaneous power with a power

limit wvalue; and
- limiting the instantaneous power when the result of the
comparison 1s that the detected instantaneous power 1s

equal to or greater than the power limit value,

characterized by a step for detecting at least one

P

operating parameter of the gas turbine plant (1) and a

step of determining the power limit value as a function of
the at least one detected operating parameter,

characterized in that

the at least one operating parameter of the gas turbilne
plant (1) comprises an amblient pressure and the power

limit wvalue 1s increased when the ambient pressure

increases.

The method of the preceding claims, in which the at least

F

one operating parameter of the gas turbine plant (1)

further comprises a selected operating parameter from an

ambient temperature, a total running time of the gas

turbine (100) or a total energy output from the gas

turbine plant (1).

The method of the preceding claim 2, 1n which the power

limit wvalue 1is 1ncreased when the ambient temperature

decreases.

P

The method of either of claims 2 and 3, 1n which the power

P

limit value 1is reduced when the total running time of the
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gas turbine (100) exceeds a previously determined

threshold wvalue.

p—

The method of one of the preceding claims, 1n which the

instantaneous power of the gas turbine plant (1) 1s
determined by an electrical output of the electric
generator (200) of the gas turbine plant (1) Dbeing

determined.
The method of one of c¢claims 1 to 4, 1n which the
instantaneous power of the gas turbine plant (1) 1s

—

determined by an instantaneous turbine power of the gas
turbine (100) of the gas turbine plant (1) Dbeilng

n

determined.

The method of one of the preceding claims, 1in which the
instantaneous power is limited by a compressor mass flow

g
p—

of a compressor (105) of the gas turbine (100) Dbeing

limited.

A gas turbine plant (1) having a gas turbine (100), an
electric generator (200) connected to the gas turbine

(100) and a control unit which is connected to the gas

turbine (100) and the electric generator (200) and which

F
p—

is designed to carry out the method of one of the

preceding clalims.

A computer—-readable data carrler having computer-

executable program code which, executed by a control unit

of a gas turbine plant (1) as claimed 1in the preceding

claim, carries out the method as claimed in one of claims
1 to 7.
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FIG 2
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