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has at least the aforementioned features.

The control of the fuel-air ratio during the combustion of ground coal firing
systems of coal-fired power plants is particularly important for achieving a
substantially complete combustion of the supplied fuel and/or for maintaining a
predefined stoichiometry of the combustion process and hence for attaining a
high energy efficiency and maintaining low emission values. Firing systems in

coal-fired power plants therefore have control devices in addition to suitable
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devices for netered delivery of a fuel quantity which
is preselected in accordance with the | oad denmand,
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The quantity of air in firing systems of coal-fired power plants is measured almost
exclusively by differential pressure measurements using pressure sensors. To
this end, pressure sensors are installed in the respective pipe or channel system
carrying the combustion air, as well as in the pipe or channel system carrying the

carrier air. Based on the measured pressures, the flow velocity in the channels



can be determ ned and the quantity of air can be

determ ned by taking into account the channe

geonetry. Preferably, the pressure sensors are not

installed directly in the channel cross-section, but

are connected with the channels carrying the air via
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Preferably, the quantity of carrier air may al so be
nmeasured with a correl ati on neasurenent device that
eval uates triboelectric effects. To this end, at | east
two sequentially positioned sensors for sensing
triboelectric effects, which are operatively connected
with the correl ati on neasurenent device, are arranged
in the channel systemcarrying the carrier air and in
the flow direction of the carrier air after the
regenerative air preheater. The device for netered
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Figure la sinplified schematic diagramof a firing
systemof a coal-fired power plant, and in Figure 2the
ti me dependence of an air quantity neasurenent in a
firing systemof a coal-fired power plant. The
sinplified schematic diagramof a firing systemof a
coal -fired power plant shows, beginning with
suctioning in of fresh air, a fresh air flap 1, a
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The main portion of the suctioned fresh air after the

fresh air blower 3 is delivered as conbustion air to

the regenerative air preheater 5. The static pressure

of the heated conbustion air is neasured with a static

pressure neasurenent device 16. The fresh air blower 3 .

is controlled by the pressure neasurenent devices 14

and 16. One part of the heated conbustion air is
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conbustion air flow, thereby enabling the nmeasurenent
of the air quantity according to the correlation
nmeasur enent et hod. When the firing chanber 12 has
bei ng sufficiently preheated, the introduction of the
ground coal into the firing chanber 12 commences. To
this end, the carrier air flowis started by the ml]l
bl ower 4 and by opening the safety flaps 15, and the
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onward cold. Both portions of the carrier air are combined in a metered fashion

via the hot air flap 6 and the cold air flap 7, wherein the quantities are
apportioned so that the temperature of the carrier air-coal mixture is within
preselected limits after loading with finely ground coal. The temperature of the
carrier air is measured with the temperature measurement device 9 arranged
after the coal mill 8. The sensors of the carrier air quantity measurement device
10 are disposed before the coal mill. These sensors are constructed as
measuring rods sequentially arranged in pairs in the flow direction of the carrier
air and protruding into the carrier air flow. The carrier air quantity measurement
device 10 is constructed as a correlation measurement device which evaluates
the triboelectric effects caused at the measuring rods by the particles carried in
the carrier air, thereby measuring the flow velocity of the carrier air. The quantity
of carrier air is determined based on the cross-sectional area of the pipe carrying
the carrier air in the region of the disposed measuring rods and the temperature
of the carrier air and the static pressure of the carrier air in the region of the
disposed measuring rods.

Coal is delivered to the coal mill 8 by way of a metering device 11 commensurate
with the load demand from the firing system of the power plant. The carrier air
loaded with ground coal is transported to the burners 13 arranged in the firing
chamber 12. This can be done, depending on the construction of the firing
system of the coal-fired power plant, individual for each burner or for each group
of burners or jointly for all burners 13 of a firing chamber 12. A pressure

measurement device 14 for measuring the static pressure of the carrier air is



2Device for netered introduction of fine-grained
particles 3Fresh air blower 4M 11 bl ower 5Regenerative
air preheater 6Hot air flap 7Cold air flap 8Coal mll
9Tenper at ure measurenent device 10Carrier air quantity
measur enent devi ce

arranged in the flow direction of the carrier air after the regenerative air preheater
5. In addition, safety flaps 15 are arranged in the carrier air flow, which are
closed during the startup phase of the firing system of the coal-fired power plant,
i.e., when no ground coal is delivered to the burners 13.

The main portion of the suctioned fresh air after the fresh air blower 3 is delivered
as combustion air to the regenerative air preheater 5. The static pressure of the
heated combustion air is measured with a static pressure measurement device
16. The fresh air blower 3 is controlled by the pressure measurement devices 14
and 16. One part of the heated combustion air is delivered directly to the burners
13, wherein the other part is delivered to the firing chamber 12. The quantity of
both parts of the combustion air is measured by the combustion air quantity
measurement devices 17 and 18.

The combustion air quantity measurement devices 17 and 18 are constructed,
like the carrier air quantity measurement device 10, as a correlation
measurement device. The measurement devices have sensors constructed as
measuring rods which are arranged sequentially in the pipe or channel system
carrying the combustion air in pairs in the flow direction of the combustion air.
The fine-grained particles carried in the combustion air cause on the measuring
rods triboelectric effects which are evaluated with a correlation analysis. The flow
velocity of the combustion is determined from the result of this evaluation, and
the combustion air quantity is determined by taking into consideration the cross-
sectional area of the pipe or channel system carrying the combustion air as well
as a temperature of the combustion air and the static pressure of the combustion
air in the region of the disposed measuring rods.

The quantity of combustion air supplied to the burners 13 and the firing chamber
12 is controlled with combustion air control flaps 19 and 20 for attaining a fuel-air
ratio required for a predetermined stoichiometry of the combustion
commensurate with a quantity of ground coal supplied to the burners 13
according to the load demand from the power plant firing system.

Depending on the size and power output of the firing system of the coal-fired

power plant, all the aforementioned assemblies and devices may be



11Metering device for coal 12Firing chanber 13Burner
14Pressure nmeasurenent device for neasuring the static
pressure of the carrier air 15Safety flap 16Pressure
measur enent device for neasuring the static pressure
of the conmbustion air 17Conbustion air quantity
measur enent devi ce
implemented multile times and operate in parallel. For sake of clarity of the
simplified block diagram, the assemblies and devices are illustrated only once.
This does not affect the basic functionality of the firing system of the coal-fired

power plant within the context of the invention.

Figure 2 shows the time dependence of the quantity of combustion air delivered
to a burner 13 or a group of burners during the startup phase of a firing system of
a coal-fired power plant.

First, the firing chamber 12 is pre-aerated. The combustion air control flaps 19
and 20 are fully open, while the safety flaps 15 in the carrier air duct are closed.
Only combustion air is delivered to the firing chamber 12. The fresh air blower 3
is controlled depending on the pressure of the combustion air measured with the
static pressure measurement device 16. Initially, sufficient combustion air is
blown into the firing chamber 12 to cause multiple exchange (at least threefold)
of the air quantity in the firing chamber 12, so as to remove residual fuel from the
firing chamber 12 and to prevent explosions. After multiple exchange of the air
quantity in the firing chamber 12, the ignition readiness for oil or gas burners
arranged in the firing chamber 12 (not shown in figure 1) is established. When
the ignition is ready, the quantity of combustion air is controlled depending on the
fuel quantity supplied for the ignition process (oil or gas). 2 mg fly ash per m? of
suctioned fresh air is introduced into the fresh air flow via the device 2 for the
introduction of fine-grained particles into the fresh air flow. The quantity of
combustion air is measured with the combustion air quantity measurement
devices 17 and 18, and the quantity of combustion air supplied to the burners 13
or the firing chamber 12 is controlled via the combustion air control flaps 19 and
20. The firing system of the coal-fired power plant is fired with oil and/or gas until
the firing chamber 12 and the regenerative air preheater 5 are sufficiently
preheated. During the time of the oil and/or gas firing about 2 mg fly ash per m?®
of fresh air is introduced into the suctioned fresh air in order to cause sufficient

particle loading for creating triboelectric effects at the sensors disposed in the



18Conbustion air quantity nmeasurenent device
19Conbustion air control flap 20Conbustion air control
flap Cains 1.Device for controlling the
fuel-air-ratio during conbustion of ground coal in a
firing systemof a coal-fired power plant, which
conpri ses neans for pneumatic tarnsport of the ground
coal to the burners of the coal-fired power plant and
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presel ected quantity of ground coal to the burners

(13), characterized in that
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for neasuring the conbustion air (17, 18) a
correl ati on nmeasurenent device is provided which
eval uates triboelectric effects at two sensors
di sposed in the conbustion air flow and sequentially
arranged in the flow direction of the conbustion air,
wherein the sensors are arranged in the channel system
carrying the conmbustion air after the regenerative air
Lit sThertéice(Smibdls t he flow direction of the combustion
air and that” at | east one device (2) for netered
i ntroduction of fine-grained particles into the air
1 flowis (,Lir &ng?ﬁagef ore the sensors of the correlation
measureneni device in the flow direction of the
2 conbust i @evider for me2ereBanireduction @f ihegrained paities,
charactey zed jlg that for neasuring the carrier air
3(10) a cbreRN af PiWefeasur ement device is provi ded
4 Whi ch eva)iudigewert ri boel ectric effects at two sensors
arranged sequentially in the carrier air flowin the
Sflow di r&xagesaralivetaiepreleateér air, wherein the sensors
are arranggdiifyt he channel systemcarrying the
carrier air af gr the regenerative air preheater (5)
7in the flGoM dirflapti on of the carrier air. 3. Device
8accordi n ta? clllai m 1l or 2, characterized in that the
‘devi ce ( % O et ered introduction of fi ne- grai ned

9 par ti cl eJenipgedatuie nidasufdrentideviver anged before the

fresh air_blower (3). 4. Device according to claim1,
1& or 2, Carrier air quantity measurement device

11 Metering device for coal

12 Firing chamber

13 Burner

14 Pressure measurement device for measuring the static pressure of

the carrier air
15 Safety flap
16 Pressure measurement device for measuring the static pressure of

the combustion air

17 Combustion air quantity measurement device
18 Combustion air quantity measurement device
19 Combustion air control flap

20 Combustion air control flap
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characterized in that the device (2) for netered
i ntroduction of fine-grained particles into the air
flowis a dust injector. 5. Device according to claim
4, characterized in that the dust injector is
constructed for introduction of filter ash or fly ash
into the air flow 6. Device according to one of the
precedi ng clainms, characterized in that the sensors
Cllfhs Sensing triboel ectric effects are arranged in the
region of a channel constriction or a channe
curvature of an air channel. 7. Device according to

1.on‘t3’3e91f fgﬁcgﬁt?oqﬁgd ) fﬁ!elaé [Fatio Jlﬂfn% to%tgus% orf] ground coalin a

firing system of a coal-fired power plant, which comprises means for pneumatic
tarnsport of the ground coal to the burners of the coal-fired power plant and
means for feeding the combustion air to the burners (13) or the combustion
chamber (12) of the firing system of the coal-fired power plant, wherein at least
the following devices are arranged in the flow direction of the air,

a fresh air blower (3) for suctioning fresh air from the atmosphere, a mill blower
(4) for transporting a portion of the suctioned fresh air as carrier air for loading
with ground coal, a regenerative air preheater (5) for preheating the suctioned
fresh air and a portion of the carrier air by using the flue-gas heat from the firing
system of the coal-fired power plant, wherein a storage mass of the regenerative
air preheater (5) is alternatingly heated by the hot flue gas and subsequently
cooled by the fresh air or by a portion of the carrier air, an air quantity control
device for controlling the quantity of combustion air to be used for the pneumatic
transport of the ground coal, and measurement devices (10, 17, 18) for
measuring the quantity of combustion air introduced into the combustion
chamber (12) and of the quantity of carrier air to be used for pneumatic transport
of the ground coal, and a device (8, 11) for metered feed of a preselected
quantity of ground coal to the burners (13),

characterized in that _

for measuring the combustion air (17, 18) a correlation measurement device is
provided which evaluates triboelectric effects at two sensors disposed in the
combustion air flow and sequentially arranged in the flow direction of the
combustion air, wherein the sensors are arranged in the channel system carrying
the combustion air after the regenerative air preheater (5) in the flow direction of
the combustion air and that at least one device (2) for metered introduction of
fine-grained particles into the air flow is disposed before the sensors of the

correlation measurement device in the flow direction of the combustion air.
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the sensors for sensing triboelectric effects in the
conbustion air flow are arranged before the actuator
(19, 29) for controlling the quantity of conbustion
air and in the carrier air flow before the
i ntroduction of the ground coal into the carrier air
flow 8. Method for controlling the fuel-air-ratio
during conmbustion of ground coal in a firing system of
a nt, which conprises neans for
2deﬁggg}f%kﬁﬂﬁngwfgﬁﬁgqboal to the burners (13) of the
cHaractargzedylsttham of the coal -fired power plant and neans

or del.i v ust i air to the rners
fo peﬁﬁlén%ﬁ;&ucé’p%r aIEﬁl a corieT ondrpe?ﬂgemepf 8"'&%&& zsifed
wiiibie ecalahtelsi tripoklpotvie refﬂéb&rﬁt tR6 @@h%r@gariahgéb%leﬁ&eﬂtlélw il the
char acfﬁp rized in that the quantjty of conbustion air
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prgb@ﬁi@htﬁ the flow diectigrr ofithewarrieriaire f1 ow di recti on of
the air, and that between 0.1 ng to 10 ny, preferably
between 0.5 ng to 2 ng, of fine-grained particles per
3.8 Devicel dccordifig o plaint ifadre, di amet er between 20 pmto

200 pm preferably bet ween 60 pmto 90 pm are
Chaﬁ?qgr&%ﬁ'ﬂ%{‘?ﬁ o the air flow before the sensors. 0.
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quant i of carrier air is neasured with t
artetﬂgleélb@%r@ﬁhﬁérﬁbragrmwﬂeh@hod based on the eval uat i on
of triboelectric effects at the sensors that are
sequentially arranged in the airflowin the direction
4.of Deieaacbrding to ¢laim MeRloo@, according to claim 8 or 9,

characterized in that

the device (2) for metered introduction of fine-grained particles into the air flow is

a dust injector.

5. Device according to claim 4,
characterized in that
the dust injector is constructed for introduction of filter ash or fly ash into the air

flow.

6. Device according to one of the preceding claims,
characterized in that
the sensors for sensing triboelectric effects are arranged in the region of a

channel constriction or a channel curvature of an air channel.

7. Device according to one of the preceding claims,

characterized in that
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characterized in that between 0.5 ng to 10 ng,
preferably between 0.5 ng to 2 ny, filter ash or fly
ash per nB of air are introduced into the airflow
11. Method according to one of the clains 8 to 10,
characterized in that the fine-grained particles are
introduced into the airflow only during the startup
phase of the firing systemof the coal-fired power

I zed
B S8ore e R R ROSRE Rl b o B BRI
arta‘rge_ehbe‘fdugvhaﬂaetuahmr (QQQM)docomvolmg thierqueimtigydofi cotbustien
aingrH fnethe%laFrier air flow before the introduction of the ground coal into the

carrier air flow.

8. Method for controlling the fuel-air-ratio during combustion of ground coal in
a firing system of a coal-fired power plant, which comprises means for delivering
the ground coal to the burners (13) of the firing system of the coal-fired power
plant and means for delivering the combustion air to the burners (12) or the
combustion chamber (12) of the firing system of the coal-fired poWer plant
according to claims 1 to 7,

characterized in that

the quantity of combustion air and the quantity of carrier air are measured with a
correlation measurement method based on the evaluation of triboelectric effects
at sensors arranged sequentially in the air flow in the flow direction of the air, and
that between 0.1 mg to 10 mg, preferably between 0.5 mg to 2 mg, of fine-
grained particles per m® of air with a particle diameter between 20 ym to 200 pm,
preferably between 60 um to 90 um, are introduced into the air flow before the
Sensors.

9. Method according to claim 8,

characterized in that

the quantity of carrier air is measured with the correlation measurement method
based on the evaluation of triboelectric effects at the sensors that are

sequentially arranged in the airflow in the direction of the airflow.

10. Method according to claim 8 or 9,
characterized in that
between 0.5 mg to 10 mg, preferably between 0.5 mg to 2 mg, filter ash or fly ash

per m® of air are introduced into the airflow.
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13. Method according to one of the clains 8 to 12,
characterized in that the fine-grained particles are
introduced into the airflow periodically with a period
durati on between 100 nms to 60 s.

11. Method according to one of the claims 8 to 10,
. characterized in that
the fine-grained particles are introduced into the airflow only during the startup

phase of the firing system of the coal-fired power plant.

12. Method according to claim 11,
characterized in that
the fine-grained particles are introduced into the airflow when no ground coal is

introduced into the carrier air.

13. Method according to one of the claims 8 to 12,

characterized in that
the fine-grained particles are introduced into the airflow periodically with a period

duration between 100 ms to 60 s.
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