DEVICE AND METHOD FOR CONTROLLING THE FUEL-AIR RATIO IN THE COMBUSTION OF
GROUND COAL IN A FIRING SYSTEM OF A COAL-FIRED POWER STATION 5 The invention
concerns a device for controlling the fuel-air ratio in the combustion of ground coal in a firing system of
a coal-fired power station, with means for pneumatic conveyance of the ground coal to the burners of
the coal-fired power station as well as means for supplying combustion air to the burners and/or in the
combustion chamber of the coal-fired power station, wherein the coal-fired power 10 station has at
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above. 25 The control of fuel air- ratio in the combustion of ground coal in coal-fired power stations is
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conveying a portion of the drawn-in fresh air as carrier air for loading with ground
coal, an air pre-heater to preheating the drawn-in fresh air and a portion of the
carrier air by using the flue gas heat of the coal-fired power station, an airflow

15 control device for controlling the amount of combustion air introduced into the
combustion chamber, an airflow control device for controlling the carrier air used
for the pneumatic conveyance of the ground coal as well as measuring devices
for measuring the amount of combustion air introduced into the combustion
chamber of the coal-fired power station and a device for metered supply of a

20 preselected quantity of ground coal to the burners.
The invention furthermore relates a method for controlling the air-fuel ratio in the
combustion of ground coal in one coal-fired power station, which has at least one

of the features listed above.

25 The control of fuel air- ratio in the combustion of ground coal in coal-fired power
stations is particularly important for achieving substantially complete combustion
of the supplied fuel or for maintaining a predetermined stoichiometry of the
combustion process and hence for achieving high energy efficiency as well as for
maintaining lower emission values. Combustion systems in coal-fired power

30 stations therefore have, in addition to suitable devices for metered supply of a

preselected amount of fuel to the burners commensurate with the load demand,



control devices configured to control the amount of air supplied to the burners or the combustion
chamber depending on the supplied amount of fuel. For this purpose, measuring devices are required
which are capable of measuring, preferably exactly, the amount air supplied to the combustion
chamber, i.e. the 5 amount of combustion air and the amount of carrier air. Both are necessary for
optimally regulating the combustion process depending on the load, wherein the amount of fuel and
hence also the amount of carrier air is preselected according to the load demand and the amount of
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Furthermore, in combustion power stations with pneumatic conveyance of the 25 groundcoal to the
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requires a meageisman @5IBRABIALH Vi tAEEsAbustidie airflow in coal-fired power stations is
predominantly measured with pressure 30 sensors using a differential pressure measurement. For this

purposel,opressure sensors are installed in the pipe or conduit system carrying the combustion air as
In practice, coal-fired power stations exist where a preselected amount of ground

coal is supplied to each individual burner or to a group of burners and the amount
of air supplied to this burner or this group of burners is controlled according to the
preselected amount to ground coal to achieve a predetermined stoichiometry of
15 the combustion, as well as combustion systems where only the total amount of
ground coal supplied to all burners is selected and accordingly also only the total
amount of air supplied to all burners of this boiler or to this boiler is controlled.

In each case, it is necessary to measure the amount of air supplied to the boiler
20 either in relation to an individual burner or to a group of burners or to all burners

of a boiler or to the entire boiler in order to realize the appropriate control(s) of

the amount of combustion air and to thereby regulate the combustion process.

Furthermore, in combustion power stations with pneumatic conveyance of the
25 ground coal to the burners, the amount of carrier air for the pneumatic coal
transport is controlled. This control also requires a measurement of the amount of

carrier air.

The airflow in coal-fired power stations is predominantly measured with pressure
30 sensors using a differential pressure measurement. For this purpose, pressure

sensors are installed in the pipe or conduit system carrying the combustion air as



well as in the pipe or conduit system carrying the carrier air. The flow velocity in the channels can be
determined based on the measured pressures and the respective amount of air can be determined
from the channel geometry. Preferably, the pressure sensors are not installed directly in the channel
cross- 5 section, but are connected with the channels carrying the air via so-called impulse lines. To
improve the energy efficiency of a coal-fired power station, it is common to preheat the fresh air.
Frequently, regenerative air pre-heaters are employed. In 10 regenerative air pre-heaters, a storage
mass, usuall ejmooth or corruf(?;ated metal sheets, is ,alternate@zli,ﬁrst heated with hot flue gas and
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medium. For example, DE 69634249 T2 describes a measurement system that can be used to
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evaluating triboelectric effects at two sensor elements arranged in the volume flow.. Suc
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pressure sensors cannot be clearly determined based the measured differential
pressures so that the measurement results have a significant risk of error in
continuing operation. This causes a drift in the air volume measurement which is
20 detectable only at high costs. This leads ultimately to an inaccurate control of the
air-fuel ratio, accompanied by a diminished efficiency and increased emission of

pollutants.

Measuring devices are known in the art which evaluate triboelectric effects from
25 sequentially arranged sensors in the flow direction of the particle-laden flowing
medium. Such measuring devices enable not only the determination of the flow
velocity of a particle-laden flowing medium, but also the determination of the
loading of the flowing medium. For example, DE 69634249 T2 describes a
measurement system that can be used to determine the speed of a volume flow
30 composed of a gas and a powder, the ratio between the gas and the powder in

the volume flow and the degree of turbulence in the flowing powder suspension



10 The aforementioned measuring systems and methods for determining the flow velocity and the
loading of particle-laden flowing media by evaluating triboelectric effects at sensors sequentially
arranged in the flow direction of the particle-laden media are in principle suitable to determine the
amount of a particulate solid 15 transported in the flowing medium. These systems and methods are
also applied with high reliability and precision. However, they fail for the determination of the volume
flow of a gas without particle loading transported in a pipeline system. Therefore, a method for

controlling of air-fuel ratio.in the combustion of ground 20 coal in a coal-fired power station is proposed
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proposed in the DE 10 2008 030 650 Al is hence only advantageous for a coal-fired power station with
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15 transported in the flowing medium. These systems and methods are also applied
with high reliability and precision. However, they fail for the determination of the

volume flow of a gas without particle loading transported in a pipeline system.

Therefore, a method for controlling of air-fuel ratio in the combustion of ground
20 coal in a coal-fired power station is proposed in DE 10 2008 030 650 A1, which
employs a regenerative air pre-heater for preheating the fresh air, wherein the
quantity of combustion airflow and of the carrier air is measured based on the
evaluation of triboelectric effects at sensors arranged sequentially in the airflow in
the flow direction of the air by using the correlation method, wherein between 0.1
25 mg and 10 mg fine-grained particles per m® air are introduced in the airflow
upstream of the sensors. Preferably, the fine-grained particles are introduced in
the airflow only during the start-up phase of the coal-fired power station, i.e. only
during the phase when ground coal is not burnt and therefore no fly ash particles
are introduced in the fresh air by the regenerative air pre-heater. The expenditure
30 for continuously supplying fine-grained particles during the entire operating time
of a coal-fired power station is too high. The solution proposed in the DE 10 2008



15 greater than 10 m/sec and vice versa, and such that the flow velocity the air can also be less than
10 m/sec, while the particle loading of the air is greater than the aforementioned 0.1 mg fly ash/m3 air.
It is an object of the invention to provide a device and a method for controlling the 20 fuel-air ratio
during the combustion of ground coal in a coal-fired power station, wherein the above-mentioned
disadvantages are eliminated. In particular, the combustion air volume measurement and the carrier
air volume measurement in a coal-fired power station based on the evaluation of signals from sensors
arranged sequentially in the flow direction of the airi)@éusia%tpgeﬁﬁorrelation 25 method should be
r
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coal-fired poregsrataditvethatoto-hotteviergir heading thedrdglaaiextreme low loading of the air with
particles and/or where the flow velocity of the air is low. 30 According to the invention, the object is
attained with a device according to claim 1 and a method according to the claim 9. Advantageous
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claim 9. 5 Adevice accordlng to the Invention for controlling or alr- 10 In the combustion of

ground coaltheaﬁawaﬁmcﬁdﬂlm%mid_ﬁ ﬁé@qtﬁeﬁﬁdbeﬁlﬁﬁﬁm&ticfwmé@léﬁtﬁ@r gedun_d coal to
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burners or into the combustion chamber of the coal-fired power station, wherein at least the 10
following deVf8g K@ eRreplghenMelb o wadiree tondsr PR aneled 24l svifigiaai\dRi@ng in fresh air
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mill, an air pre-heater for pr,eheatlgﬁ the drawn-in fresh air_and a portion of the carrier air by using the

flue gas! Reat@lesibogl-Hie@irtavefaltariow shaiitalwabirrdiRg fiPremeivardgHiieah the combustion
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used for pneneasticetnaneyeneacy theibantheqsd iieid badivigehe air can be smaller than
the specified 0.1 mg fly ash/m® air, when the flow velocity the air is substantially
15 greater than 10 m/sec and vice versa, and such that the flow velocity the air can
also be less than 10 m/sec, while the particle loading of the air is greater than the
aforementioned 0.1 mg fly ash/m? air.

It is an object of the invention to provide a device and a method for controlling the

20 fuel-air ratio during the combustion of ground coal in a coal-fired power station,
wherein the above-mentioned disadvantages are eliminated. In particular, the
combustion air volume measurement and the carrier air volume measurement in
a coal-fired power station based on the evaluation of signals from sensors
arranged sequentially in the flow direction of the air by using the correlation

25 method should be improved, so that they can also be applied in coal-fired power
stations or with an operating mode of a coal-fired power station that do not have
any loading or only an extreme low loading of the air with particles and/or where

the flow velocity of the air is low.

30 According to the invention, the object is attained with a device according to claim

1 and a method according to the claim 9. Advantageous embodiments of the



20 for metered supply of a preselected amount of ground coal to the burners, wherein the air volume is
measured by a correlation measurement device that evaluates signals generated through electrostatic
induction by at least two sensors arranged sequentially in the flow cross-section of the air conducting
channel in the flow direction of the air, is characterized in that an electrode with 25 an electrode
contour having an average radius rm with 0.1 mm < rm < 1.2 mm is arranged in the flow cross-section
of the channel carrying the air in the flow direction upstream of the sensors at a distance | with Ix

unobstructed width of flow cross-section of the channel carrying the aiy <1 < 10x unobstructed width of
flow cross. BB SRVERARASSHHARG METBIFIR o A AP RERGIFamsE A a0 3x
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of the flow C{%stg]-stegtion of rh(?:nc alnn(g?ij1 carrying the air in the area the sensors, wherein the distance |
is the distanc® betweer rﬂqe QECHEUE 2nd the first sensor the two sequentially arranged sensors in the
flow direction (s) of the air, that the counter electrode in electric opposition to this electrode is arranged
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measured with the correlation measuring device which evaluates the signals generated due to the
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conducting %B%Wtiﬂﬁ%ﬂﬁl\ﬂéﬁEﬁQH_@’bQEWF?e%irpéz\l\?éﬂ@ﬁ%?%rﬁﬁf@%@@ﬂiﬂg sensors are
arranged in the channel system carrying the 15 combustion air and in the channel system carrying the

carrier af?, WAGVDE dR¥icREARF BFHEEdWiE dometiiestionedd0f@tent devices. Preferably, the
electrode argamgsisl ai tae ehadvagliagiyingsheiaiahntiieecisiansen smsteamahthe sensors and
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15 controlling the in the combustion chamber initiated amount of combustion air, a
airflow control device for controlling the carrier air to be used for the pneumatic
conveyance of the ground coal and measuring devices for measuring the amount
of combustion air introduced in the combustion chamber and the amount of
carrier air to be used for pneumatic conveyance of the ground coal, and a device

20 for metered supply of a preselected amount of ground coal to the burners,
wherein the air volume is measured by a correlation measurement device that
evaluates signals generated through electrostatic induction by at least two
sensors arranged sequentially in the flow cross-section of the air conducting
channel in the flow direction of the air, is characterized in that an electrode with

25 an electrode contour having an average radius rm with 0.1 mm <rp, < 1.2 mm is
arranged in the flow cross-section of the channel carrying the air in the flow
direction upstream of the sensors at a distance | with 1x unobstructed width of
flow cross-section of the channel carrying the air < | < 10x unobstructed width of
flow cross-section of the channel carrying the air in the area the sensors,

30 preferably 3x unobstructed width of the flow cross-section of the channel carrying

the air < | < 5x unobstructed width of the flow cross-section of the channel



25 of the flow cross-section and has at least a tip or blade with an average radius rm with 0.1 mm rm
1.2 mm. If the channel wall of the channel carrying the air is designed to be electrically conductive,
then the channel wall can in a preferred embodiment of the invention 30 be electrically connected as
counter electrode to the electrode arranged in the flow cross-section of the channel carrying the air. In
another embodiment of the invention, the counter electrode is designed as an electric conductive rod
or wire which spans at least half the channel cross-section and is arranged in the flow direction of the
air downstream of the@ele,ctro e and SEHQ%[ream of the sensors, i.e. in the flﬁ)i\}/avﬁirection of the air

between the BIEARIREHE ThiNEREG TR WatKS A W diSIaRRRS P 45858 Grranged
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Preferably, is howgver, a rqd or,wire completel anning the channel.cross- 10 sectiop is arranged in
the flow iro R DD e DERRL T e 0 P e o O 1 S B P U ected e
counter eledtrabis. deetmideti®de i peefatdbhshimaaptionssol#ted mithlirestioat ab theeathannel wall of
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counter eleglygge Mgfggb@og@,cgi%@gwggq@qg\yeg tpyeupng potential, which is particularly

advantageous when the channel wall is electrically conductive and 20 acts as counter electrode. The
sensors may be electrically insulated with respect to the air carried in the channel to prevent

interferencescadaesliny & EBRBUHIRIDRIEXGPBNES RaNSHIHIS 8RATAESARGURNH’GAIEMOlECUles. 25
10 air required for the pneumatic conveyance of the ground coal are measured with
the correlation measuring device which evaluates the signals generated due to
the electrostatic induction by the sensors arranged sequentially in the flow cross-
section of the air conducting channel in the flow direction of the air. For this
purpose, corresponding sensors are arranged in the channel system carrying the
15 combustion air and in the channel system carrying the carrier air, which are

electrically connected with correlation measurement devices.

Preferably, the electrode arranged in the channel carrying the air at the distance |
upstream of the sensors and connected to a high-voltage source may have one
20 or several tips or blades with a contour having an average radius ry, with 0.1 mm
<rm < 1.2 mm or may be constructed as a wire having an average radius rm with
0.1 mm <r, < 1.2 mm. The described electrode is particularly preferred
constructed as a rod protruding into the flow cross-section, wherein the end the
electrode protruding into the flow cross-section projects approximately to center
25 of the flow cross-section and has at least a tip or blade with an average radius rn,

with 0.1 mm <ry £ 1.2 mm.

If the channel wall of the channel carrying the air is designed to be electrically
conductive, then the channel wall can in a preferred embodiment of the invention
30 be electrically connected as counter electrode to the electrode arranged in the

flow cross-section of the channel carrying the air.



A correlation measurement device may be provided for evaluating signals generated by sensors by
electrostatic induction arranged in the flow cross-section of the channel carrying the air sequentially in
the flow direction of the air, wherein the sensors are arranged downstream of an electrode arranged in
the 30 flow cross-section of the channel carrying the air and electrically connected to a high-voltage
source with a voltage U of 12 kV U 20 kV, preferably 15 kV U 17 kV. Several of the aforementioned
correlation measurement devices may also be arranged in different branches of the channel carrying
the air system, when the electrode connected with a high-voltage source having a voltage U of 12 kV
U 20 kV, preferably 15 kV U 17 kV, is arranged in the flow cross- 5 section of the channel carrying the
air upstreanirof tio¢hlerasrabiog; rimetiteofl Gve dhikemition, ltHe topotéanidbabiheineasigrastidistance | of the
sensors to th electrodgual né; he airflow i .<]hO X the up(fbsi clﬁa width of the flow cross-section of
e MRet

t
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channel cargiidghReseaisershdficausa it tiasls Dawitssusrigalse berataigedkeetvecThe method
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airflow is exposed to the effect of an electrode having an electrode contour with an average radius rm
with 0.1 mrPHeHO88am and carrying a voltage U of 12 kV U 20 kV, preferably 15 kV U 17 kV, whereby

the airflow iﬁ%’f@?ﬁﬁﬂy?%‘ff&w&?éﬁ'b 8 seRRY %&%l&élﬁ%ﬁﬂr{@ the &ltasi&fdhrdon current dr_iven
by the voltage U and flowing between the electrode and the counter electrode. Preferably, a negative

voltage 1€ aSBRYANI AT eNsarbRd ieiadieaten AhigairRelvean die electrode and the

sensors and is electrically connected as counter electrode.

The electrode is preferably arranged insulated with respect to the channel wall of
the channel carrying the air. The electrode may have one or several tips or

15 blades with a contour having an average radius r, with 0.1 mm <r, < 1.2 mm or
be constructed as a wire having an average radius rm with 0.1 mm <rp < 1.2 mm.
The electrode is preferably electrically connected as a cathode. The counter
electrode is preferably electrically connected to ground potential, which is
particularly advantageous when the channel wall is electrically conductive and

20 acts as counter electrode.

The sensors may be electrically insulated with respect to the air carried in the
channel to prevent interferences caused by a direct charge exchange between
the sensors and ionized air molecules.
25
A correlation measurement device may be provided for evaluating signals
generated by sensors by electrostatic induction arranged in the flow cross-
section of the channel carrying the air sequentially in the flow direction of the air,
wherein the sensors are arranged downstream of an electrode arranged in the
30 flow cross-section of the channel carrying the air and electrically connected to a
high-voltage source with a voltage U of 12 kV < U <20 kV, preferably 15 kV < U



25 The ionized air molecules flowing as an ion current in the electric field E from the electrode to the
counter electrode interact with other molecules of the airflow, whereby the molecules of the airflow are
electrically influenced so that when the airflow flows past the sensors, electrical signals are generated
in the sensors by 30 the electrically influenced molecules of the airflow through electrostatic induction,
which can be reliably evaluated by using a correlation measurement device. It is of particular
importance that the sensors are not directly exposed to the effect from the ion current flowing between
the electrode anweﬁcounter electr de. The sensors are positioned at such a distance in relation to

the 5 electrod’ Svﬁal:?fom SRS EOFIANRBIMSAREEMEE LY ER:IEANd the counter
electrode is ansidvdfigantge theilﬂ@@ntﬂrawbh‘éelwm @rmﬁrQch‘dmymBm@laﬂowstambe exposed to

the effect of tan ive voltage electrode or also to.a time- arla oltage U with
e VAU DB To5 P U 50 LR B Lo RO R0 R Py B Elgeou is the
effect of a plis&d ﬁdlia@é(lkmtpmiavabwm&hwéslbm%bﬁ 12 &valogel Wﬂ[&éfmauigsss kV U 17 kV,

and a pulse P L BRMIIALEIY bt d 193 Ben AR NERMA S Bycvihle votage Us i

particular a pulsed voltage the corr on measurement can not on erformed based on the
evaluation dﬂl&@tlhasﬁd%lgmtiﬂéﬁ tahhe lesasalesigtialenpenkehtba bgriberelecthestatic induction at

the sensorsg iB&%E%oﬁ};‘Z\HQ‘SP{W@QM RS \GRoBsHILaRdthandRenss Wadime variation of

the effect of this voltage n 20 the molecules of the airflow can be evaluated to determine the flow
velocity of tSe@iPam theshenrfl satinmoatHeeaBItaarRRLpHIB AR Breferred embodiment of the
method, the airflow is exposed to a periodically recurrent pulse sequence with a number of n pulses

having a voltage
10 The method according to the invention is based on an air volume measurement,

namely a measurement of the combustion air volume and a measurement of the
carrier air volume, based on the evaluation of electrical signals generated
through electrostatic induction on at least two sensors arranged sequentially in
the flow cross-section of the channel carrying the air in the flow direction of the

15 air by using the correlation method. The method is characterized in that in the
flow direction of the air upstream of the sensors, at least a portion of the airflow is
exposed to the effect of an electrode having an electrode contour with an
average radius rm with 0.1 mm <r,, < 1.2 mm and carrying a voltage U of 12 kV <
U <20 kV, preferably 15 kV < U <17 kV, whereby the airflow is ionized;

20 conversely, the sensors are not exposed to the effect of the ion current driven by

the voltage U and flowing between the electrode and the counter electrode.

Preferably, a negative voltage is applied to the electrode which is thus connected
as a cathode.
25

The ionized air molecules flowing as an ion current in the electric field E from the
electrode to the counter electrode interact with other molecules of the airflow,
whereby the molecules of the airflow are electrically influenced so that when the
airflow flows past the sensors, electrical signals are generated in the sensors by
30 the electrically influenced molecules of the airflow through electrostatic induction,
which can be reliably evaluated by using a correlation measurement device.



25 U with maximum values between 12 kV U 20 kV, preferably 15 kV U 17 kV, and a pulse duration of
approximately 1 ms, wherein 2 n 10 and wherein the pulse sequence of n pulses is repeated
periodically with a period duration between 0.2 s and 3.0 s, preferably between 1.0 sand 1.5s.30In a
particularly advantageous embodiment of the method with a pulsed voltage applied between the
electrode and the counter electrode, the signals generated by the electrostatic induction are evaluated
by using the correlation measurement method, wherein the evaluation has a time-offset with respect to
the pulses of the voltage U applied to the electrode. Preferably with a time offset between 5 ms and
150 ms, particularly preferred with a time offset between 8 ms and 70 ms. In 5 this way, signals

generated alt isersparisl Ayinamadsrdsiging elestoragretiofigide tpespdday tiretholtage pulses -

interference signals - are not taken into account in the evaluation the signals generated by the airflow
2t the seno LS aah BRLT G TR L Sh oL T B HIE vention, very
exact air volkelewrotEasire reenss rsaar b @ e tionetk diesce withistancearatalahosnabhidow velocities of the

A Vorage U SETRHRIF S S e 0 IRy UFAGHAPBGEPIS HEL AR o the

carrier air anghdheneenmmflyr atbcpadiciedraignifitamddchd atetihefiudtadngihtharsegor@rative air
pre-heater, or when the flow velocity of the air in the region of the sensors is comparatively small. In
this case, the aif volume cannot be measured while ground coal is burnt in the coal-fired power station
and at a 20 high flow velocity the air in the region of the sensors by using the correlation measurement

thod ' ' t i triboglectr he electrical
chargs et S B S s Ay o
particled@r elfigtieds falty &sia pardctesiable pieltrgr b withanasimamivaluesdretvediodelocity of the

25 air is lesg{hanLOSB/REC SdiAISHRPFAIMNALAPHAGE PLitiERRISCLIR hfRlestione RS described

above. It may be advantageous in the above-described case whena voltage'U is applied to the
electrode orfifferd@f hiiigeeinveltageddsvibsacxipye) ¥aluest bebvaaaihedV < U <20 kV,

preferably 15 kV < U <17 kV, and a pulse duration of approximately 1 ms.

15 It has been observed that for a variable voltage U, in particular a pulsed voltage
U, the correlation measurement can not only be performed based on the
evaluation of stochastic signatures of the electrical signals generated by the
electrostatic induction at the sensors; in addition, the time variation of the
electrical voltage U and hence the time variation of the effect of this voltage U on

20 the molecules of the airflow can be evaluated to determine the flow velocity of the

air and thus for measuring the air volume.

In a particularly preferred embodiment of the method, the airflow is exposed to a
periodically recurrent pulse sequence with a number of n pulses having a voltage
25 U with maximum values between 12 kV < U < 20 kV, preferably 15 kV <U <17
KV, and a pulse duration of approximately 1 ms, wherein 2 <n <10 and wherein
the pulse sequence of n pulses is repeated periodically with a period duration

between 0.2 s and 3.0 s, preferably between 1.0 s and 1.5 s.

30 In a particularly advantageous embodiment of the method with a pulsed voltage
applied between the electrode and the counter electrode, the signals generated

10



30 results of the air volume measurement can be used to check with the correlation measurement
method the air volume measurements obtained by evaluating the signatures of the signals produced
by triboelectric effects on the electrical charge carriers generated by the fly ash particles introduced
into the airflow. The invention has the particular advantage that the velocity of the air is measured 5
directly according to the correlation measurement method, because the signals at the sensors are
generated directly by the molecules of the airflow through electrostatic effects, whereas with

bl th f th [ t,.signatures of signals generated by particles carried in the airflow,
namely fiy 20k D& RiaeOsralis ARHGKATAR Rl RIS B B B o CAERLATIGR BIASHEENk wil 10 be

understood thethide, wHeedy ohéhevpartittesaay hiave-siisprgéhieaiivectadhedipuisegatithief the
airflow carry\llréﬂ %thgs aéﬁ)g)rle%%vt%'?ﬁef%llfa@t?g c}gelgp S%L%‘

SRsEmant Lesulle,gha glgrementioned slippage can
be the greater oW VeloCity of the air W €' Eh3 e gre%? Phe p%rtlcles are. 15 The

device accoaditid 56 tihe,ipacitidarynor¢herreetvdd adooedaiiyed beniaesr@iors emabl® ansolible-free and

_ ) e Lt : " ot
orocess st oaLiaH SEneLEia AEhf BahCB Dl Ry Ch S S e e
measuremefie! GOCRus eVt olliagep Wisefesdrilsstere mae reigiats - isdtbb iakereixéenplary

g_mbOdime”EcEBSrﬂ%ﬁ%@‘@ﬂaﬁf&%ﬂ@ﬁé@@w@ §aAuratda B e 2irfladraUife Jensbigure 4: 30 Figure

through electrostatic induction.

10 With the invention method of the invention, very exact air volume measurements
can be performed even with comparatively small flow velocities of the air
between 2 m/sec and 10 m/s.

When the coal-fired power station has a regenerative air pre-heater, a voltage U
15 needs to be applied to the electrode only when ground coal is not introduced into
the carrier air and hence no fly ash patrticles are not introduced into the fresh air
via the regenerative air pre-heater, or when the flow velocity of the air in the
region of the sensors is comparatively small. In this case, the air volume cannot
be measured while ground coal is burnt in the coal-fired power station and at a
20 high flow velocity the air in the region of the sensors by using the correlation
measurement method and evaluating the signatures of the signals produced by
triboelectric effects on the electrical charge carriers generated by the fly ash
particles introduced into the airflow. Only when no fly ash particles or only very
few fly ash particles are present in the airflow and/or when the flow velocity of the
25 airis less than 10 m/sec is it necessary that a voltage U is applied to the

electrode, as described above.

It may be advantageous in the above-described case when a voltage U is applied
to the electrode only from time to time, as described above, so that the obtained
30 results of the air volume measurement can be used to check with the correlation

measurement method the air volume measurements obtained by evaluating the

11



a simplified block diagram one coal-fired power station, in the arrangement of an electrode connected
to a high-voltage source and sensors connected to a correlation measurement device in a channel
carrying combustion air, in the formation of an electrode tip of an electrode connected to a
high-voltage source, in time profiles of the high voltage connected to the electrode, in another time
profile of the high voltage connected to the electrode, in another arrangement of an electrode
connected to a high-voltage source, with a corresponding rod-shaped counter electrode, and sensors
connected to.a correlation measurement device in a channel carrying combustion air, in another
emboctimens O 00 B UpAIARCIEEE D AR BER S RO IR AU AL R
arrangementatiarsejentnttedbnnketitg deragigiviesliagecmtodernnthecaisitos of two correlation
measurement devices downstream of a branching of the channel carrying the combustion air, and in
the time profile of an air volume measurement in a coal-fired power station. The simplified block
diagram of d beahvieati pohas Statpartshiavrady didage thabtbeoetctanintevitn draveasuieadf the fresh
air a fresh ajf dafnet-A.n dasdens dimelion 5 Aldae i lRuetald Besh Ak AR &gfhcarier air s
r the tresh air fan 2.

diverted from t%e rawn-in ownstream o € carrier air is trahspor ed onward
by a mill farti3s aatdarpatagenegiek dittalnippibehaslecyles poieoaidiaheteyieh air is heated in the

regenerative, ik e AGAIRT AU IR DSSIAHP BN HAP-RS AL HECF 9RE Tyigs) Rpwver station. Another

portion of the carrier air is transported onward while cold. Both portions of the carrier air are combined
metered viaS9EHYf Sraf NS SENEERADY iRASIE ipsser ¢ dRsoRisl eMattAR ibersture of carrier

air-coal mixbﬁﬁiéifé%f Q@@UQIM‘&E@J@@%&H _@ﬁé'd&ﬁﬁewﬁ@ﬁ‘ rﬁ@%@lﬁimﬁ?ﬁqﬂg’fﬂb&ah‘ﬁml The
temperature of the carrier air is measured 25 with a temperature measuring device 8 arranged

downstréhnPErRESIAaHilNAL hesyRIaRTbPIHBBAIAIRT MaY SR¥e StRPETC (RRHKRIPHS high-voltage

source 9  flow velocity of the airflow carrying the particle, which falsifies the measurement
results. The aforementioned slippage can be the greater the smaller the flow
velocity of the airflow is and the greater the patrticles are.

15 The device according to the invention and the method according to the invention
enable a trouble-free and maintenance-free control of the fuel-air ratio in a coal-
fired power station and hence of the combustion process with high reliability,
precision and long-term stability of the accuracy of the air volume measurement.

20 The invention will now be described in more detail based on an exemplary

embodiment. The associated drawings show in:

Figure 1: a simplified block diagram one coal-fired power station, in
Figure 2: the arrangement of an electrode connected to a high-voltage
25 source and sensors connected to a correlation measurement

device in a channel carrying combustion air, in
Figure 3: the formation of an electrode tip of an electrode connected to a
high-voltage source, in

Figure 4: time profiles of the high voltage connected to the electrode, in
30 Figure 5: another time profile of the high voltage connected to the electrode,
in
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is arranged in the flow cross-section of the channel conveying the carrier air, whereas two sensors 11
connected to a carrier air volume measuring device 12 are arranged downstream in the flow direction s
of the carrier air. These sensors 30 11 are constructed as rods protruding into the carrier airflow which
are arranged in pairs in the flow direction s of the carrier air. The carrier air volume measuring device
10 is constructed as a correlation measurement device which evaluates the signals generated at the
sensors 11 by the passing electrically charged particles due to electrostatic induction and 5 thereby
measures the flow velocit%nof the carrier air. Th? amount of carrier air is dete&rﬁﬁued based on the

cross-section@UFe of th %%Wn%ﬁféaﬁ?ma%% @aﬂﬁé‘?ﬁfpﬂ?tﬁ%%%‘fw&f’tﬂ a‘fﬂj‘?@%ensors 11

and the temperature of thepoaceewilr andthessdaiiing essiwieapbiheaanierehdictrods eeglon of the
arranged sensors 11. The sensors 11 ar(ﬁ?ar{anged in the flow direction igf the carrier air at a
I

distance 10 Ito the electrgggsfﬁ:sv?/ EP&% >c<> 3n% rg r'SE%’é‘drUv‘?Sﬁw“%?’Ihee” \?vvhcr%ég-%ection of the

channel in the region of tebaeraaartylng hemlalisliBroathénchannel carrying the carrier air is electrically

conductiye ar lecte ial 0 ar 11 are electrically
insulate W%E@Je?s%z?ct to %igﬁéﬁ%%%ﬁe{%@a%{]% %%%g%%qﬁﬁamﬁe%}%é§(§§8% supplied by a 15
metering device 14 to thecoparriRidneanhigbrisiliags withrisadrdemand from the coal-fired power
station. Theggiyigreair logggd with ArauRA g SSLrRIE L SA RERY %10 RERIRIJR @ combustion

chamber 15. gepending on the design of the coal-fired power station, this may occur in relation to a
single burner or groups oP®fitfeANESENFRIDATEBVAICSIIRIBHO N NS eSS ISy IE8&mber 15. A 20

pressure measu_ring deVi%\ﬂfﬁsﬁ'ﬂééﬁﬂEJﬂQ Hﬂ@rﬁqﬁ% @ﬁﬁ%ﬁéﬁﬁewﬂ_ﬁg@Hé%@ﬁﬁeugﬁgmownstream
of the reﬁeneratlve air pre-heater 4 in the flow direction s of the carrier air. Furthermore, safety valves

18, whidR are closed durifity % rt-up phase of the coal-fired power station, i.e. when no ground coal

is supplied tpifircbarnersié tiaie proargetdn Hevenires aigiirethehienaltoal-thedpwerdn fresh air is

supplied as combustion air tto the regenerative air pre-heater 4 located downstream of the fresh air fan
2. The static pressure of #8408 ted combustion air is measured with a static pressure measuring
device 19. The fresh air fan 2 is controlled by the pressure measuring 30 devices 17 and 19. A portion

of the heateg combyizfian AL HoRlied ShreXbutoulg RIS S AR dsseAS ARRJlRE portion of the
heated combustion air 1S supplie

15 shows, starting with drawing-in of the fresh air, a fresh air damper 1 in the flow
direction s of the air followed of a fresh air fan 2. The carrier air is diverted from
the drawn-in air downstream of the fresh air fan 2. The carrier air is transported
onward by a mill fan 3, and in part to a regenerative air pre-heater 4. A portion of
the carrier air is heated in the regenerative air pre-heater 4 during the stationary

20 operation the coal-fired power station. Another portion of the carrier air is
transported onward while cold. Both portions of the carrier air are combined
metered via the hot air flap 5 and the cold air flap 6 in such proportions, that the
temperature of carrier air-coal mixture after loading with finely ground coal lies
within predetermined limit values. The temperature of the carrier air is measured

25 with a temperature measuring device 8 arranged downstream of the coal mill 7.
Upstream of the coal mill 7, an electrode 10 connected to a high-voltage source 9
is arranged in the flow cross-section of the channel conveying the carrier air,
whereas two sensors 11 connected to a carrier air volume measuring device 12
are arranged downstream in the flow direction s of the carrier air. These sensors

30 11 are constructed as rods protruding into the carrier airflow which are arranged

in pairs in the flow direction s of the carrier air.
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to the combustion chamber 15. Both portions of the combustion air are measured with the combustion
air volume measurement devices 20 and 21. For this purpose, sensors 11 which are each connected
with the combustion air measurement devices 20 and 21are arranged in the respective channels
carrying 5 the combustion air. A corresponding electrode 10 connected to a high-voltage source 9 is
arranged in each of the channels carrying the combustion air upstream of the sensors 11 of the
combustion air volume measurement devices 20 and 21. The sensors 11 are, like for the carrier air
volume measurement, arranged in the flow direction s of the combustion air at a distance Ito the 10
electrode 10, wherein | =20 x unobstructed width of flow cross-section of the channel in the region of

the sensorsTHe taeiepaibushioneamyadunmegrieainis e M entolesticeselaanal il ratatibke the carrier air
volume measuring device 12..constructed as a cqrrelation, measurement 15 device which evaluates
g deiceda e % B hig

ated thioug Eet A B HRE JERHHE R &6 A Rele’s Wowing past

the signals gé%%r
the sensorsthé passheneteoiecaiy ehhegovpadioas/hfehe electnstttio mducheraandunt of combustion

e sensorsi elec . e ek nt.
Combustion L S e O e e e B R IS TPk combusion

air in the regi@teﬁnhh@dd@emgie@ws@w:@sﬂseqﬁ@rmh@m of tttﬂmbaﬂmh @arryirmatquarﬂﬁ_ burners 16
and to the combusiion GRAMYPeRd 3 1ahgeRiguing, e %"EfﬂéeﬂHé“t@nﬁﬁ%PﬁEﬁf’efBF theedpigrgjned

stoichiometry for the combustion for an"amount of ground coal supplied to the 25 burners 16
commensuraféhith Sivdifdaig SRuTRAL O PAINE CRIAINIAEE FRIRN STAMEAISIRIRFLARESRIH the

CombUStiOU'ﬁi{e%}ﬁ%rﬂaﬁsé’% aﬂ‘ér?g?ed HQH@W@M&BS@Q&%Q&H‘%MW&P&%%ﬁéﬁ§§03|'fired
power station, all aforementioned assemblies and devices may be present multiple times and may 30

operate!f pLidffee 6FLEaRE 4P cRBEIR iz LxiynaRMEEd M mAl % QU RINIEEHIN devices are
each shownopiih efgenBhi eReTedshsinERleabte coarFfiedapnenstaiansemsins unaffected, as

far as the i”XSr”rtyi%% it (ezocnacr%rer}eéjlf is electrically conductive and connected to ground

potential. The electrode 10 and the sensors 11 are electrically insulated with
respect to the wall 13 of the channel. Metered quantities of coal are supplied by a

15 metering device 14 to the coal mill 7 commensurate with load demand from the
coal-fired power station. The carrier air loaded with ground coal is supplied to
burners 16 arranged in a combustion chamber 15. Depending on the design of
the coal-fired power station, this may occur in relation to a single burner or
groups of burners or common to all burners 16 of a combustion chamber 15. A

20 pressure measuring device 17 measuring the static pressure of the carrier air is
arranged downstream of the regenerative air pre-heater 4 in the flow direction s
of the carrier air. Furthermore, safety valves 18, which are closed during the
start-up phase of the coal-fired power station, i.e. when no ground coal is
supplied to the burners 16, are arranged in the carrier airflow.

25
The bulk of the drawn-in fresh air is supplied as combustion air to the
regenerative air pre-heater 4 located downstream of the fresh air fan 2. The static
pressure of the heated combustion air is measured with a static pressure
measuring device 19. The fresh air fan 2 is controlled by the pressure measuring

30 devices 17 and 19. A portion of the heated combustion air is supplied directly to

the burners 16, whereas another portion of the heated combustion air is supplied

14



Figure 2 shows the arrangement of an electrode 10 connected to a high-voltage 5 source 9 as well as
of two sensors 11 arranged in a flow cross-section of a channel carrying combustion air and connected
to a correlation measurement device 12. For measuring the carrier air volume, the electrode 10 and
the sensors 11 are similarly arranged in the flow cross-section of the channel carrying the carrier air.
10 The electrode 10 is electrically insulated with respect to the electrically conductive wall 13 of the
channel carrying the combustion air which is connected to ground potential and operates as a counter

electrode to the electrode 10. The electrode 10 is cgnstructed as a round metallic rod that protrudes
o tho 15 RS SRRV A M0 elh BETAD S A B GO STV AL AP RSB o
approximatetyti 2nenigorivieisiiohtii s Aumagingasuayeragedeadogs 20 arfd L miRgpftHie tip 24 are

arranged at the end the electr 1de 0,and Iocahed a}PrPrquat%l at the entter of flow cross-section, as
W C cted 38 €O St
Setstee n% el

shown in F.&EFB%’Serﬁeert‘%%ri are ri'ﬁgcfg%r%%?a S AV U

SAHEEL BF 1 mm and inserted in
a slot machimedsor2tndre cmwckb &0ambe?d atrgcathacoed uctive lxesprototechasthellsecaoymgbar. The

electrode. is electrically ¢ ct [ t c t e de with respect
to the wall 1 %f% gw@%é#ﬁr?ﬁe%%cﬁ%é%g ?%gﬂagﬁét%%%ﬁﬁe%rgg%%ﬁeg %?e%?ﬁc%%@c?’ IE:SFL ween the two
electrodes vsmtmae@tis_eamasgacbm pasheohiie thaanrelagamynodhe d@@@u&ﬂﬂm_@iélectrode 10 and the
25 channel yad 13 acHngh 8 e S RIRCEOT B JWBPENSRIR bt AB SaHUREIA eRfERRged in

relation to the electrode 10 in the flow direction s of the combustion air at a distance | = 4 x
unobstructedAdth &F-thB& BEABRITIdsa8etidformhe saridn it Yol MaASHIeIEsmeasuring rods

39 prOtrUdin@riﬁ%ﬁ&ﬁiﬁ'%?f@ﬁ%ﬁ%ﬂ@ﬂ §F29rl‘PP§%@W&YJéﬂdh%ﬁ%tﬁfoﬁ’ét%QQ%QF%gs'seC“On- The
distance | refers to the distance between the electrode 10 and the first sensor 11 of the two

sequentidllySeRRAS 18 eaREEin (FERASKHERBEITYRIE GIMRLNHF fENE GRS SSRSEPS P1 R arranged in the

flow directiogha®héhthaietayidistantr eeappreximately 350 mm from each other. The mutual distance
between the sensors 11 in the flow direction s of the air may be between 200 mm 5 to 1000 mm. It is

important that the sensors 11 are positioned at a distance from the electrode 10, where the effect of
the electric fléld Eofnbustibhediveoluthe eleatindentbtadel ibes@®andl2tadiré 3liactthg aarcieunter
electrode is still iqs}gniﬁcant e, th , .
air volume measuring device 12, constructed as a correlation measurement
15 device which evaluates the signals generated through electrostatic induction by
the electrically charged particles flowing past the sensors 11 and hence measure
the flow velocity of the combustion air. The amount of combustion air is
determined by taking into account the cross-sectional area of the channel
carrying the combustion air and the temperature of the combustion air and the

20 static pressure of the combustion air in the region of the arranged sensors 11.

The amount of combustion air supplied to the burners 16 and to the combustion
chamber 15 for achieving the air-fuel ratio required for a predetermined
stoichiometry for the combustion for an amount of ground coal supplied to the

25 burners 16 commensurate with the load demand from the coal-fired power station

is controlled with the combustion air control flaps 22 and 23.
Depending on the size or the performance of the coal-fired power station, all

aforementioned assemblies and devices may be present multiple times and may
30 operate in parallel. For sake of clarity of the simplified block diagram, the
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10 electrical field strength is < 0.3 V/m. The sensors 11 are also electrically insulated with respect to
the wall 13 of the channel carrying the combustion air which is electrically connected to ground
potential and operates as a counter electrode. The sensors 11 are electrically 15 connected with a
correlation measurement device 12. Figures 4 and 5 show possible exemplary time profiles of the
voltage U provided by the high-voltage source 9. These are illustrated in Figure 4 as a DC voltage of
approximately -16 kV, a variable voltage with peak values of approximately 20 -16 kV or a pulsed

voltage with voltage pulses having a pulse duration of roximately 1 ms and a repetitjon rate of
approximatclSRTAHRS AMAEATRA A28 SHOM SO5LH BBk e SR AT S RUBRB A i ises
having a voltagefliedipopealktatibve scoh aippronafiatedyd; b6 kv asdr e pweattbnascodanpphximately 1
ms and a period of the sequence of voltage pulses of 1.0 s. The spacing between 25 the 5 pulses is

hereby not constant within the sequence, but initially increases from 0.1 s between the first and the
second volt&igupalRBesh0dSs thbetmaeyetherderdamtelecd thaetHiddcvohagegutsa, igh s/bikageen the third

Y SRERLF RS e A0 e W gliage puise: 01t has

and the f@U@Béy %@%&W&ﬁ’a@d& .
been observed that such periodically recurrent sequentes of voltage pulses can produce particularly

good measffeanent @@ém'teg wmbe%i@h@ﬁs&ﬁdcﬂh@p%@t@d@ém@ntr@f@@@Ima@dleenmera rod-shaped
counter eleqiiomie. 2 elpairicals GRARGFRAINSMA LI RIRRIQAE dRcABHAWD SHRSHs 11 connected with

a correlation measurement device 19 and arranged in the flow 5 cross-section of a channel carrying
combustion $8SPRe thahech B1d2hoaE IMRAGHBPIQBHCEPRP HP4HEB PtEheEd@Impletely through
the flow croggrepciipmetarsaannel carrying combustion air. The counter electrode 25 is arranged in
the flow direction s of the combustion air arranged between the electrode 10 and the sensors 11, or
more per:iser between the electrode 10 and the first sensor 11 of 10 the two sensors in the flow

direction s of HlacetsutrbdstinmigieRat oaPPRIR AR AVMtA dcebir rleptieribtdaauiated channel

conducting the aombustio[i i#r Wﬁ- electrode 10 and the counter electrode.25 are electrically
connected tSARBUGHY %318 el ?g‘f'ﬁ%ﬁﬁb@é%?@et ; ﬁﬂﬁ‘%%“é%héﬁew %Jﬁlﬁ?&@?ﬁ} is applied,
an electric fieldyoundopotedtiz verodbeiele csarleclhiand e rodente thelasitrotiede5105 Tag shown in
Figure 6. The sensors 11 are positioned at such distance from electrade 10 that the effect of the
cloctic felc LS TABa BaR s THE B AT L0 S AL L ISP LGN B 2B M inignificant e
the electiicat i ataaythximeatolB tu/the center of flow cross-section and has a rod diameter

of approximately 12 mm. Metallic tips 24 having an average radius rm, = 0.4 mm

of the tip 24 are arranged at the end the electrode 10 and located approximately

at the center of flow cross-section, as shown in Figure 3. The tips 24 are made

from a sheet steel having a thickness of 1 mm and inserted in a slot machined in

20 the round bar and electrically conductively connected with the round bar. The
electrode is electrically connected to a high-voltage source 9 and connected as a

cathode with respect to the wall 13 of the channel acting as the counter

electrode. The electrical field E between the two electrodes will have the
illustrated profile with this arrangement and design of the electrode 10 and the

25 channel wall 13 acting as the counter electrode

Two sensors 11 are sequentially arranged in relation to the electrode 10 in the
flow direction s of the combustion air at a distance | = 4 x unobstructed width of
the channel cross-section. The sensors 11 are constructed as measuring rods
30 protruding into the flow cross-section approximately to the center of the flow
cross-section. The distance | refers to the distance between the electrode 10 and
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20 Figure 7 shows the structure of the end of the electrode 10 located approximately at the center of
the flow cross-section. Tips 24 oriented toward the counter electrode 25 are formed at the
aforementioned end of the electrode 10. Figure 8 shows the arrangement of an electrode 10
connected to a high-voltage 25 source 9 as well as sensor groups, each composed of two sensors 11,
which are each electrically connected with a respective correlation measurement device 12.1 and
12.2, downstream of a branching of the channel carrying the combustion air. The features of the

arrangement of the electrode 10 and the sensors 11 described in Figures 2 and 6, respectively, apply
similarly, hoWIEVEFEFRRSY thb AeraN SN PRL AR IS HTRBSHE LoBARI A hes ot
downstreanvbttiberielektieotieoldbinstre flowrdiactinges of the domllisivioais ahthdlt in @ach channel

branch a respective group having. e ccé]s 0 sensars 11 is arranged that i connected with a respective
o of the caRE 8 AR D B B A0 D T e T P AT combustion air. the
distance | bértwenarttibectertsode 1 Diarnbee wafismtohlstbhter aielmeyital lp etlormsecREd with 5 the
correlati%n MERSHEE nt device 12.1 is | 4 x unobstructed width of the channel cross-section in the

th

region of the sensors 11, and is for the sensors 11 that are electrically connected with the correlation
measurement device 12.2 | 8 x unobstructed width of the channel cross-section in the region of the

sensors 11. 1} FiosiR el sbedines Broiils-afinsinadh o sRmALsIPSAha HBLRE ja a burner 16

or to a group of burners 16 during the start-up phase of a coal-fired power station. First, the
combustion thaniisze 1ba € fiestmirtede/€bkic dieidustitmragccbatvat dlapiseleik2radd 2@ anel fully open

whereas the,zafgly A, LR %tggtﬁ%fggrc L XEEE 8 ode is st insignificant, i.e. the

10 electrical field strength is < 0.3 V/m.

The sensors 11 are also electrically insulated with respect to the wall 13 of the
channel carrying the combustion air which is electrically connected to ground
potential and operates as a counter electrode. The sensors 11 are electrically

15 connected with a correlation measurement device 12.

Figures 4 and 5 show possible exemplary time profiles of the voltage U provided
by the high-voltage source 9. These are illustrated in Figure 4 as a DC voltage of
approximately -16 kV, a variable voltage with peak values of approximately

20 -16 kV or a pulsed voltage with voltage pulses having a pulse duration of
approximately 1 ms and a repetition rate of approximately 300 ms, whereas in
Figure 5 shows a periodically recurring sequence of 5 pulses having a voltage U
with peak values of approximately -16 kV and a pulse duration of approximately 1
ms and a period of the sequence of voltage pulses of 1.0 s. The spacing between

25 the 5 pulses is hereby not constant within the sequence, but initially increases
from 0.1 s between the first and the second voltage pulse, 0.15 s between the
second and the third voltage pulse, 0.2 s between the third and the fourth voltage

pulse, to finally 0.25 s between the fourth and the fifth voltage pulse.

30 It has been observed that such periodically recurrent sequences of voltage

pulses can produce particularly good measurement results.
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closed. Combustion air is supplied exclusively to the combustion chamber 12. The fresh air fan 2 is
controlled as a function of the pressure of the combustion air measured with the static pressure
measuring device 19. Initially, as much combustion air is blown into the combustion chamber 15 so as
to produce a 20 multiple exchange (at least 3-fold) of the amount of air in the combustion chamber 15
in order to remove residual fuel from the combustion chamber 15 to prevent deflagration. After the
amount of air in the combustion chamber 15 has been exchanged multiple times, the ignition standby
for oil- or gas burners (not illustrated in Figure 1) arranged in the combustion chamber 15 is
established. 25 When ignition standby is established, the amount of combustion air is controlled as a
function theEigwrere shdvwel tribtiteyasysupphedtofthe goitardprooeasodihshhigit watmgersources 9
generate seguences qf high-voltage pulses applie the electrodes 10, wherein the electrodes 10 are
cloctcally SRS e Y oI o Y128 e L SHpTAESchd combustion
air and 30 opemnatotedswvithua teoredéatinpdmetarbipentad@adecplBsaschavargpdlsethédibwf 1 ms, and

maximury valies QbR B b ca il ol @AY OfvEOBHRIINN (s measured with the
combustion air volume measurement devite an and the amount of combustion air supplled to
the burners d®sirusige avrmdiisnoactiambend samptaiaykdanginiedionsnsa-aaciontas! flaps 22

and 23. Theaoé'hférriu%I%agﬁ}@ﬁfé{mr?édQﬁo?Pé‘i'ﬁfﬁ% REVRF LR GBS P RUGHLM ASIANghas sufficient

preheating of the combustion chamber 15 and of the regenerative air pre-heater 4 is achieved. During

the oil-firingfMyaEartian highthe kagropstissairadppaed Retweanberiestierrl Bredighey clouds of

ionized air @@%@31?6?%%@ ji%ﬂﬁg%ewmé’ﬁi@@ﬁ&‘i’k@fi%@@&%@? ffeeonducted
to the counter electrode in the electrical field E formed between the 10 electrode 10 and the counter

electrodd adh6ri¥aFERBOTHIE HrsdlrudisscinaraQidheeamtusing aibraidOnRasis BRiYE air
molecules afgl sithies Bratectesly MidiateanshbatencaintRI A hdeBidhiiseiacting, the molecules of

the combustion airflow are electrically influenced so that signals are generated when the molecules
fow oot 8 B G5 1 L oS R ar ot e R SSUB B ABE velocty of
the combuspoteaioictie higtetehagecsboyce\valWitien witblthgecorre latitagem patse ésreppliedthod. The
amount of combustion air is then calculated based on the flow velocity of the combustion air by taking

into accounffh&'BrYLS 1Rlehibnis torRedRRNG RIS BlaciPdeiQ BBRMIRGOHMR RIGFERPER the

temperatirepsf testewhuAtEIgRE 8NTTHBe SRl IasatEosithmaed apsueusiietatdrie respective
region of the arranged sensors 11. It is important that the sensors 11 are not exposed to the direct

effect of thealasicapRAPIEAL e eHed etthsueladrimtelRe e doraddpstveae e elschegquse signals

generated a{ and the counter electrode 25 is rather insignificant, i.e. the electrical field

strength is < 0.3 V/m.

20 Figure 7 shows the structure of the end of the electrode 10 located approximately
at the center of the flow cross-section. Tips 24 oriented toward the counter
electrode 25 are formed at the aforementioned end of the electrode 10.

Figure 8 shows the arrangement of an electrode 10 connected to a high-voltage
25 source 9 as well as sensor groups, each composed of two sensors 11, which are

each electrically connected with a respective correlation measurement device

12.1 and 12.2, downstream of a branching of the channel carrying the

combustion air. The features of the arrangement of the electrode 10 and the

sensors 11 described in Figures 2 and 6, respectively, apply similarly, however
30 with the difference that the channel carrying the combustion air branches off

downstream of the electrode 10 in the flow direction s of the combustion air and
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the sensors 11 as a result of the ion current transported by the electric field E cannot be evaluated with
the correlation measurement method in the same way 25 as the signals generated by the sensors 11
which are generated, as will be described below, by particles flowing past the sensors that are
electrically charged by triboelectric effects as a result electrostatic induction. When the combustion
chamber 15 is sufficiently preheated, ground coal begins 30 to enter the combustion chamber 15. For
this purpose, the carrier airflow is started via the mill fan 3 and by opening the safety flaps 18, and the

coal mill 7 is supplied with a metered amount of coal. The carrier air js loaded with ground coal. The
round coallEh TR S BrRtIala A STRSGHITe O GBE o SC AR FERGQRA L introduction of
coal in the camdnggitbthahancbanadbtenavitnilicsspetttite graabe telisticatiapptieatareaidngh-voltage

pulses to the electro 10 nd, becausg a sufficient amount of ash particles are introduced into
Fhe combusToN SFa I drel MO S TESERE SAVE G SR L A S P drectrically
charged by bédwvelettiie efeaitode d podlte sgnats svhethiibaiacleattichdyseosaestad dite to

electrostatic jnduct; ' I ith,the, 10 correlati r ethod.
Nevertheﬁeggéhéggﬁ%%#ggﬁ pega%rgfe %g%ﬁg %{ggﬁ\gﬁé hgle"eldggtyg(@sg %@%%Win Fgr(c\?/]lrz;ﬁIr{c'))%E approximately
30 minutes,qhaeﬁ@bgmmmrshbtt@r ﬁagé@m,_the@mﬁénfand i&éqshh@mr&ﬂtbst the
measuremepLaceUrape Rkl ABKICE RS THR R YRMBIRIRAUFRA Oy dhteasliRpticies £harged by

triboelectric effects and flowing past the sensors 11 as well 15 as by ionized air molecules through
electrostatid M@UEHORLFHICIRRBWIIE RIBERRNANPheraseceerHan inhsuRSIthPbife flow velocity of
the combustgRgjfof {he carrier air, resulting in a substantially more accurate measurement of the
volume of combustion air and the volume of carrier air, so that the air-fuel ratio in the combustion of
ground Hal in a coal-fired power station can be much 20 more precisely controlled. However, when

the flow velgggyref shheambrstiaieairsinebinasarieuaiod s nelovhavaluppietGands,

Coresp o A olae PHISES SPBLIAd TRRISThi i S PRl Fecasseig measuremen
power station.
First, the combustion chamber 15 is pre-purged. The combustion air control flaps

15 22 and 23 are fully open whereas the safety flaps 18 in the carrier air guide are
closed. Combustion air is supplied exclusively to the combustion chamber 12.
The fresh air fan 2 is controlled as a function of the pressure of the combustion
air measured with the static pressure measuring device 19. Initially, as much
combustion air is blown into the combustion chamber 15 so as to produce a

20 multiple exchange (at least 3-fold) of the amount of air in the combustion
chamber 15 in order to remove residual fuel from the combustion chamber 15 to
prevent deflagration. After the amount of air in the combustion chamber 15 has
been exchanged multiple times, the ignition standby for oil- or gas burners (not
illustrated in Figure 1) arranged in the combustion chamber 15 is established.

25 When ignition standby is established, the amount of combustion air is controlled
as a function the amount of fuel (oil or gas) supplied to the ignition process. The
high-voltage sources 9 generate sequences of high-voltage pulses applied to the
electrodes 10, wherein the electrodes 10 are electrically connected as cathodes
in relation to the walls 13 of the channels carrying the combustion air and

30 operating as counter electrode. The high-voltage pulses have a pulse width of
1 ms, and maximum values of the voltage U of U = -16 kV. The amount of
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25 volume measurement or of the carrier air volume measurement according to the correlation
measurement method by evaluating the signals generated at the sensors 11 exclusively by particles
electrically charged by triboelectric effects deteriorates substantially. 30 List the Reference Symbols
1fresh air damper 2fresh air fan 5 3mill fan 4regenerative air pre-heater 5Hot air flap 6Cold air flap
7coal mill 10 8Temperature measuring device 9high-voltage source 10electrode

combustion air is measured with the combustion air volume measurement
devices 20 and 21 and the amount of combustion air supplied to the burners 16
or to the combustion chamber 15 is controlled by the combustion air control flaps
22 and 23. The oil-firing or gas-firing of the coal-fired power station is continued

5 aslong as sufficient preheating of the combustion chamber 15 and of the
regenerative air pre-heater 4 is achieved. During the oil-firing or gas firing, high-
voltage pulses are applied to the electrodes 10 for producing clouds of ionized air

molecules in the combustion airflow. These clouds of ionized air molecules are

conducted to the counter electrode in the electrical field E formed between the

10 electrode 10 and the counter electrode as ion current. This produces an
interaction between the aforementioned ionized air molecules and other
molecules of the combustion airflow. As a result this interaction, the molecules of
the combustion airflow are electrically influenced so that signals are generated
when the molecules flow past the sensors 11 due to electrostatic induction, from

15 which the respective flow velocity of the combustion air can be determined by
evaluation with the correlation measurement method. The amount of combustion
air is then calculated based on the flow velocity of the combustion air by taking
into account the cross-sectional area of the channel carrying the combustion air
as well as the temperature of the combustion air and the static pressure of the

20 combustion air in the respective region of the arranged sensors 11. It is important
that the sensors 11 are not exposed to the direct effect of the ion current between
the electrode 10 and the counter electrode 13, 25, because signals generated at

the sensors 11 as a result of the ion current transported by the electric field E

cannot be evaluated with the correlation measurement method in the same way
25 as the signals generated by the sensors 11 which are generated, as will be

described below, by particles flowing past the sensors that are electrically

charged by triboelectric effects as a result electrostatic induction.
When the combustion chamber 15 is sufficiently preheated, ground coal begins

30 to enter the combustion chamber 15. For this purpose, the carrier airflow is
started via the mill fan 3 and by opening the safety flaps 18, and the coal mill 7 is

20



11sensor 12correlation measurement device 15 12.1 correlation measurement device 12.2 correlation
measurement device 13Wall of the channel 14metering device 15combustion chamber 20 16burner
17pressure measuring device for measuring the static pressure of the carrier air 18Safety flap in the
carrier airflow 19pressure measuring device for measuring the static pressure of the 25combustion air
20combustion air quantity measuring device 21combustion air quantity measuring device

supplied with a metered amount of coal. The carrier air is loaded with ground
coal. The ground coal is ignited at the still operating oil burners or gas burners.

Beginning with the introduction of coal in the combustion chamber 15 and ignition
5 of the coal combustion, application of high-voltage pulses to the electrodes 10

can end, because a sufficient amount of ash particles are introduced into the
combustion air and the carrier air via the regenerative air pre-heater 4, which are
electrically charged by triboelectric effects and produce signals when flowing past
the sensors 11 due to electrostatic induction which can be evaluated with the

10 correlation measurement method. Nevertheless, high-voltage pulses can be
applied to the electrodes 10 at an interval of approximately 30 minutes, if
necessary also at shorter intervals, in order to perform measurements to test the
measurement accuracy of the device based on signals produced by the ash
particles charged by triboelectric effects and flowing past the sensors 11 as well

15 as by ionized air molecules through electrostatic induction. This allows a
substantially more accurate measurement of the flow velocity of the combustion
air or the carrier air, resulting in a substantially more accurate measurement of
the volume of combustion air and the volume of carrier air, so that the air-fuel
ratio in the combustion of ground coal in a coal-fired power station can be much

20 more precisely controlled.

However, when the flow velocity of the combustion air or of the carrier air drops
below a value of 10 m/s, corresponding high voltage pulses should be applied to
the electrodes 10, because the measurement accuracy of the combustion air

25 volume measurement or of the carrier air volume measurement according to the
correlation measurement method by evaluating the signals generated at the
sensors 11 exclusively by particles electrically charged by triboelectric effects
deteriorates substantially.

30
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22combustion air control flap 23combustion air control flap 30 24tip of or on the electrode 10
25counter electrode EElectric field Idistance nNumber of pulses of a voltage U rmaverage radius of
the tip 5 sflow direction Uvoltage Claims 1.Device for controlling the air-fuel ratio in the combustion of
ground coal in a

List the Reference Symbols

fresh air damper

fresh air fan

mill fan

regenerative air pre-heater
Hot air flap

Cold air flap

coal mill

0 N OO o M~ WD =

10 Temperature measuring device
9 high-voltage source
10 electrode
11 sensor
12 correlation measurement device
15 12.1 correlation measurement device
12.2 correlation measurement device
13 Wall of the channel
14 metering device
15 combustion chamber
20 16 burner
17 pressure measuring device for measuring the static pressure of the carrier
air
18 Safety flap in the carrier airflow
19 pressure measuring device for measuring the static pressure of the
25 combustion air
20 combustion air quantity measuring device
21 combustion air quantity measuring device
22 combustion air control flap
23  combustion air control flap
30 24  tip of or on the electrode 10

25 counter electrode
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coal-fired power station, which comprises means for pneumatic conveyance 5of the ground coal to the
burners of the coal-fired power station as well as means for supplying the combustion air to the
burners (16) or into the combustion chamber (15) of the coal-fired power station, wherein in the flow
direction of the air at least the following devices are arranged, a fresh air blower (2) for drawing in
fresh air from the environment, a mill fan 10(3) for conveying a portion of the drawn-in fresh air as
carrier air for loading with ground coal, an air pre-heater (4) to preheating the drawn-in fresh air and a
portion of the carrier air by using the flue gas heat of the coal-fired power station, an airflow control
device for cdntrollifdegiEGHeInt of combustion air introduced into the combustion chamber (15), an
airflow 15control dggghfqr controlling the carrier air used for the pneumatic conveyance of the ground
coal as well as measuring devices (12, 20, 21) for measuring the amount of combustion air introduced
into the confbustiol ¢RReeh ReHLeaRi BMAEAEmBLNt of carrier air used for pneumatic conveyance of
the ground ¢Qal, angarslpyieRliUs dfHetpetered supply of a 20preselected quantity of ground coal to
the burners (16), and wherein for the air volume measurement (12, 20, 21) a correlation measurement
device (152) s prov (¥ igictPBvaluates signals generated by two sensors (11) arranged sequentially
in the air flow in thedltagelirection of the air, 25characterized in that an electrode (10) with an electrode
contour having an average radius rm with 0.1 mm rm 1.2 mm is arranged in the flow cross-section of
the channel carrying the air in the flow direction (s) of the air upstream of the sensors (11) of the
correlation measurement device (12) at a distance | with 1 x 30unobstructed width of the flow
cross-section of the channel carrying the air <
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| < 10 x unobstructed width of the flow cross-section of the channel carrying the air in the region of the
sensors (11), preferably 3 x unobstructed width of the flow cross-section of the channel carrying the air
< | <5 x unobstructed width of the flow cross-section of the channel carrying the air in the region of the
sensors (11), wherein the distance | is the distance between the 5electrode (10) and the first sensor
(11) of the two sequentially arranged sensors (11) in the flow direction (s) of the air, that the counter
electrode (13, 25) electrically operative relative to the electrode (10) is arranged upstream of the
sensors (11é?t,least in sections in the flow direction (s) of the air, and that the electrode (10) as well
as the countéP¥l&ttrode (13, 25) 10are connected to the different poles of a high-voltage source (9)
having a voltage U of 12 kV U 20 kV, preferably 15 kV U 17 kV. 2.Device according to Claim 1,

characterizefj_ in E(SllatilcSiF tpgocnq[zraory?ﬁl \mall é& Qolf rth?ocp]a}ﬁnel ca[)r énlg rgh& airo isnele%tr'callg conduct_ive,
the channel wall % 1§ (BhReLted 'Ad the E8unter Hec&ro g P&%ve& the glreéltrgace adﬁ rranged in
the flow cross-sectiaifioé dheovrearsiaticaynyimghtlive miprigésSneariséd aquuedingtio Glairmybncearacterized
in that ar electricgly, cCONGHRIVE PG BUMLR: TAALRGAHRAFHORL CLHion as well as
means for supplying the combustion air to the burners (16) or into the
combustion chamber (15) of the coal-fired power station, wherein in the flow
direction of the air at least the following devices are arranged,
a fresh air blower (2) for drawing in fresh air from the environment, a mill fan
10 (3) for conveying a portion of the drawn-in fresh air as carrier air for loading
with ground coal, an air pre-heater (4) to preheating the drawn-in fresh air
and a portion of the carrier air by using the flue gas heat of the coal-fired
power station, an airflow control device for controlling the amount of
combustion air introduced into the combustion chamber (15), an airflow
15 control device for controlling the carrier air used for the pneumatic
conveyance of the ground coal as well as measuring devices (12, 20, 21) for
measuring the amount of combustion air introduced into the combustion
chamber (15) and of the amount of carrier air used for pneumatic
conveyance of the ground coal, and a device (7, 14) for metered supply of a
20 preselected quantity of ground coal to the burners (16),
and wherein for the air volume measurement (12, 20, 21) a correlation
measurement device (12) is provided which evaluates signals generated by
two sensors (11) arranged sequentially in the air flow in the flow direction of
the air,
25 characterized in that
an electrode (10) with an electrode contour having an average radius ry with
0.1 mm <r, < 1.2 mm is arranged in the flow cross-section of the channel
carrying the air in the flow direction (s) of the air upstream of the sensors
(11) of the correlation measurement device (12) at a distance | with 1 x
30 unobstructed width of the flow cross-section of the channel carrying the air <

| < 10 x unobstructed width of the flow cross-section of the channel carrying
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channel cross-section is arranged in the flow direction (s) of the air downstream of the electrode (10)
and upstream of the sensors (11) and that 25this electrically conductive rod (25) or wire is electrically
connected as counter electrode to the electrode (10). 4. Device according to Claim 1 to 3,
characterized in that the electrode (10) arranged in the flow cross-section of the channel carrying the
air as cathode is connected as the cathode and the counter electrode 5(13, 25) is connected to ground
potential. 5. Device according to Claim 1 to 4, characterized in that the electrode (10) arranged in the

e T A R A A ) A el
average radius rmhavitbvd cravssaation.of the channel carrying the air < | < 5 x unobstructed
width of the flow cross-section of the channel carrying the air in the region of
the sensors (11), wherein the distance | is the distance between the
5 electrode (10) and the first sensor (11) of the two sequentially arranged
sensors (11) in the flow direction (s) of the air, that the counter electrode
(13, 25) electrically operative relative to the electrode (10) is arranged
upstream of the sensors (11) at least in sections in the flow direction (s) of
the air, and that the electrode (10) as well as the counter electrode (13, 25)
10 are connected to the different poles of a high-voltage source (9) having a
voltage U of 12 kV < U <20 kV, preferably 15 kV < U <17 kV.

2. Device according to Claim 1,
characterized in that
15 if the channel wall (13) of the channel carrying the air is electrically
conductive, the channel wall (13) is connected as the counter electrode
relative to the electrode (10) arranged in the flow cross-section of the
channel carrying the air.

20 3. Device according to Claim 1,
characterized in that
an electrically conductive rod (25) or wire spanning at least half of the
channel cross-section is arranged in the flow direction (s) of the air
downstream of the electrode (10) and upstream of the sensors (11) and that
25 this electrically conductive rod (25) or wire is electrically connected as

counter electrode to the electrode (10).
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6. Device according to Claim 1 to 5, 15characterized in that the electrode (10) arranged in the flow
cross-section of the channel carrying the air is constructed as a rod projecting into the flow
cross-section and is insulated with respect to the wall (13) of the channel carrying the air, wherein the
end of the electrode (10) projecting into the flow cross-section 20extends approximately to the center
of the flow cross section and comprises at least one tip (24) or blade with an average radius rm with
0.1 mm rm mm. 7. Device according to Claim 1 to 6, 25characterized in that several correlation
measuring devices (12.1, 12.2) whic rt]&}j-:-valuate ignals generated by electrostatic induction at two
sensors (11 arr; Heséa?fér ﬁwq |H8 in the flow direction (s) of the air are provided in the
flow direction (s) @fetm:wnzl@dviﬂsﬂ'eam of an electrode (10) arranged in 30the channel carrying the air.

8. Device accordéng t? Cg Béﬂar?crt]erelz d h tcorrelatlon in r|n ewc 1r2 1, 12.2) are
provided in the fl ction ((53 FHE S $re3h BP3R _FECH0 e ) a an% M ﬁg flow cross-
the air as cathode is connected as the cathode and the counter electrode

5 (13, 25) is connected to ground potential.

5. Device according to Claim 1 to 4,
characterized in that
the electrode (10) arranged in the flow cross-section of the channel carrying
10 the air comprises one or several tips (24) or blades having a contour with an
average radius rm with 0.1 mm <rp, 1.2 mm or is formed as a wire having

an average radius rm with 0.1 mm <rp <1.2 mm.

6. Device according to Claim 1 to 5,

15 characterized in that
the electrode (10) arranged in the flow cross-section of the channel carrying
the air is constructed as a rod projecting into the flow cross-section and is
insulated with respect to the wall (13) of the channel carrying the air,
wherein the end of the electrode (10) projecting into the flow cross-section

20 extends approximately to the center of the flow cross section and comprises
at least one tip (24) or blade with an average radius rm with 0.1 mm < rp,

<1.2 mm.

7. Device according to Claim 1 to 6,
25 characterized in that
several correlation measuring devices (12.1, 12.2) which evaluate signals
generated by electrostatic induction at two sensors (11) arranged
sequentially in the airflow in the flow direction (s) of the air are provided in
the flow direction (s) of the air downstream of an electrode (10) arranged in

30 the channel carrying the air.
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5section of the channel carrying the air and downstream of a branching of the channel carrying the air
in the flow direction of the air, with the correlation measuring devices (12.1, 12.2) evaluating signals
generated by electrostatic induction in the individual branches of the channel at two sensors (11) that
are arranged sequentially in the airflow in the flow direction (s) of the air. 10 9. Method for controlling
the air-fuel ratio in the combustion of ground coal in a coal-fired power station, which comprises means
for conveying the ground coal to the burners (16) of the coal-fired power station as well as means for
conveying the combustion air tp the byrners (16) or into the combustion 15 chamber (15) of the
coal-fired p&ver SEYiGH QEESFé'iﬂ% ® 3'@I§ims 1 to 7, wherein the combustion air volume
measurement anchtracterixydaii wedtime measurement are performed based on the evaluation of

signals generated b nsors (11) arranged se tially,in the flow direction of the air in the flow
Rl b ety iy e St cRIN e P e A T L

upstream of the sehsbtsg Hir) diowhstiteantvéatioz sl ofi¢hid Qlrambiegest a poetibovottbesairflow is

exposedo the elfggh gl 4 oEHANE 10N KRG AV RIS QLAY IY 2BIM RSP 15 KV U 17

kV, and having an electrode contour with dn average radius rm with mm rm £.2'mm, whereby
the portion of theChRfo®! isaiBKingdhearddr Wwhihe itow sliseeisnso{ 1y @ie mothetisoseidelating direct effect of

the ion flow drivep bydtheualiagdedd and-flawing SetwerRdeRIactpiR ARSI FoMalR electrode

(13, 25). 30 Method according to Claim 9, characterized'in that the electrode (10) carries a constant
negative voltage igduction in the individual branches of the channel at two sensors (11) that

are arranged sequentially in the airflow in the flow direction (s) of the air.

10
9. Method for controlling the air-fuel ratio in the combustion of ground coal in a
coal-fired power station, which comprises means for conveying the ground
coal to the burners (16) of the coal-fired power station as well as means for
conveying the combustion air to the burners (16) or into the combustion
15 chamber (15) of the coal-fired power station according to the Claims 1 to 7,

wherein the combustion air volume measurement and the carrier air volume
measurement are performed based on the evaluation of signals generated
by sensors (11) arranged sequentially in the flow direction of the air in the
flow cross-section of the channel carrying the air with the correlation
20 method,
characterized in that
upstream of the sensors (11) in the flow direction (s) of the air, at least a
portion of the airflow is exposed to the effect of an electrode (10) carrying a
voltage U of 12 kV < U <20 kV, preferably 15 kV < U < 17 kV, and having
25 an electrode contour with an average radius rp, with 0.1 mm <r, < 1.2 mm,
whereby the portion of the airflow is ionized, and wherein the sensors (11)
are not exposed to the direct effect of the ion flow driven by the voltage U
and flowing between the electrode (10) and the counter electrode (13, 25).

30
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Method according to Claim 9, characterized in that the electrode (10) carries a time-varying voltage U
with maximum values between 12 kV U 20 kV, preferably 15 kV U 17 kV. Method according to Claim
9, characterized in that the electrode (10) carries a pulsed voltage U with maximum values between 12
kV U 20 kV, preferably 15 kV U 17 kV, and a pulse duration of approximately 1 ms. Method according
to Claim 12, characterized in that the electrode (10) periodically carries a number of n pulses having a
voltage U with maximum values between 12 kV U 20 kV, preferably 15 kV U 17 kV, wherein 2 n 10
and a pulse duration of roximately 1 ms, and that the period duration of the n pulses is between 0.2
st0 3.0 s, pf]é)fer ﬁ@é{i\ggﬁwq{@g% " Method according to Claim 12 or 13, characterized in that
the evaluation ofd¢heraigpelsedenehated by electrostatic induction at the sensors (11) arranged
sequentially in th fI0\1v df're ticzq f the.air in the Elov!i Cros .-sectirﬁ'n of the channel carrying the air is
performed with t e corretation measrement MatRcH 1R I\g/;eavtci) 5iiset relative to the pulses 30with
the voltage U carried by the electrode (10).

5 11. Method according to Claim 9,
characterized in that
the electrode (10) carries a time-varying voltage U with maximum values
between 12 kV < U <20 kV, preferably 15 kV < U <17 kV.

10 12. Method according to Claim 9,
characterized in that
the electrode (10) carries a pulsed voltage U with maximum values between
12 kV < U <20 kV, preferably 15 kV < U <17 kV, and a pulse duration of
approximately 1 ms.

15

13. Method according to Claim 12,

characterized in that
the electrode (10) periodically carries a number of n pulses having a voltage
U with maximum values between 12 kV < U < 20 kV, preferably 15 kV < U <

20 17 kV, wherein 2 < n < 10 and a pulse duration of approximately 1 ms, and
that the period duration of the n pulses is between 0.2 s to 3.0 s, preferably

between 1.0 sto 1.5 s.

14. Method according to Claim 12 or 13,
25 characterized in that
the evaluation of the signals generated by electrostatic induction at the
sensors (11) arranged sequentially in the flow direction of the air in the flow
cross-section of the channel carrying the air is performed with the
correlation measurement method having a time offset relative to the pulses
30 with the voltage U carried by the electrode (10).

28



15. Method according to Claim 14 characterized in that the time offset between the pulses with the
voltage U and the evaluation of the signals generated at the sensors (11) by electrostatic induction
5according to the correlation measurement method is between 5 ms to 150 ms, preferably between 8
ms to 70 ms. 16. Method according to one of the Claims 9 to 15 characterized in that 10if the coal-fired
power station comprises a regenerative air pre-heater (4), the electrode (10) carries a voltage only
when no ground coal is introduced into the carrier air and hence no fly ash particles are introduced into
the fresh air via the regenerative air pre-heater (4), or when the flow velocity of the combustion air or of
the carrier a?ﬁerjﬂe?tBégfi\ﬂFﬁQﬁgl'HS S sEt or 15when the control of the fuel air- ratio is to be
checked during afzpemi@rizeden fhant operation.

the time offset between the pulses with the voltage U and the evaluation of
the signals generated at the sensors (11) by electrostatic induction
5 according to the correlation measurement method is between 5 ms to 150

ms, preferably between 8 ms to 70 ms.

16. Method according to one of the Claims 9to 15

characterized in that

10 if the coal-fired power station comprises a regenerative air pre-heater (4),
the electrode (10) carries a voltage only when no ground coal is introduced
into the carrier air and hence no fly ash particles are introduced into the
fresh air via the regenerative air pre-heater (4), or when the flow velocity of
the combustion air or of the carrier air drops below a value of 10 m/sec or

15 when the control of the fuel air- ratio is to be checked during of normal
power plant operation.
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