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(57) Abstract

Monitoring of a burner-generated flame in a flame zone is achieved by watching for changes in amplitude of radiation
leaving the flame zone using an opto-electric transducer (34) and a processing circuit (50) which is tuned to a flicker frequency
pass band targeted on the looked-for flame. A tunable band-pass switched capacitor filter (54) feeding into a threshold detector

(62) via an AC/DC converter (61) is preferred.
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BURNER CONTROL

Technical Field

This 1pvent10n reiates gesnerally <To tne controi of
fuel burners and in particular to the monitoring of in-
dividuail fuel burners in an array of such pburners 1nclud-
ing, for example. the monitoring of the performance of a
start-up burner. The 1invention will find use in the
monitoring of o0il, gas and solid fuel burners but is
expected to have particular appiication in a pulvarised

coal environment.

In large fuel-burning installations {e.a. Dpower
station boilers) a plurality of burners are provided which
operate 1in concert to gdenerate the currently reauired
thermal output. As the thermal output reauired increases,
additional burners may need to be brought into operation
and conversely, as the required thermal output decreases.
burners may need to be taken out of operation. Starting-up
a burner 1is an operation which regquires prcper sequencing
of events and this is particularly so when a start-up Tlame
using an easily ignitable start-up fuel (e.g. 0il) 1s used
to pre-heat the flame zone of a burner to receive a iess
readily combustible main fuel (e.g. puiverisea coal or

ciomass ).

The pre-heating stage reguires a good controil system
which will reliably indicate when the start-up fuel 1is
ignited and optionally also when the main fuel is burning

efficiently.

Where there are few burners physically well-spaced-
apart conventional technigues can be used for burner
monitoring and these include visually observing the flame
zone. However, where there are closely packed banks of
burners whose flame zones merge, conventional techniques
have failed to provide reliable control, leading, inter
alia, to the possibilities of inefficient combustion of
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main fuel, waste of start-up fuel. risks of expiosicns and

generation of excessive amcunts cf environmentally pcilut-

ing waste gases.
This invention therefore seeks to bprovide a burner-
monitoring system which wili obviats at least some cf the

abcve-noted disadvantages.

Summary of the Invention

According to one aspect of the invention <tners 1s
provided a method of monitoring a pctential flame zons of &
burner for the existence of a burner - generatec flames cf a
required type, which method comprises directing radiztion
received from and through at ieast a part of sa:id zone ontc
a phote-sensitive area of an opteo-electric transducer
device, Teeding the output o¢f the <transducer device tTo
circult means adapted to generate an output signai wnicn is
related to the radiation falling on the sensitive area and
determining from the magnitude of a parameter of the cutput
signal whether there is or is not a flame of the recuired
type in the flame zone. which method is characterissd 1n
that the circuit means 1includes a band-pass Tfilter to
eliminate the contributions of radiation having freauencies
of ampiitude variation {hereafter, for convenience,
referred to as "flicker"” freauencies) below or above the
pass band, in that the pass band of the filter 1is set To
that part of the freguency spectrum wnere the Tlicker
frequency of a Tlame of the reguired type 1s detectable
against background radiation passing through said zone
(i.e. the radiation falling on the sensitive arsa when
there is no burner-generated filame of the required type in
the flame zone), and in that the output signal in the pass
band is wused to determine whether a flame of the reaquired
type is present in the monitored flame zone.

Preferably the centre freaquency of the band-pass
filter is tunable and an initial stage of the monitoring

method involves setting said centre frequency on the basis
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of a determination of a difference between the outpbut
sianal when a flame of the reguired type 1s and 15 nct
present in said zone. Normally the said centre freauency

will be selected to correspond to the maximum ampiitude of

sajid difference signal.

Preferably the pass band of the filter excludes the
mains freauency at its 1low freguency end and exceeds ten
times the mains frequency at its high freguency end. The
particular pass band seiected will depend upon circumstan-
ces, but can be expected to Tie somewhere in the rarge 70

tc 90 Hz at the low frequency end and between 1 anc 2 XH:Z

at the high frequency end.

In practice we prefer to determine a first sutput
signal level (SB) in the form of a freauency spectirum
relating to the backaround radiation passing througn said
zone, tc determine a second output signal level (SB+F) in
the form of a further freaguency spectrum relating to the
background radiation passing through said zone anc the
radiation created by & flame in said zone and to create a
difference signal (SD) which 1s <the difference pstwean
the signhals SB+F and SB (i.e. SD = SB+F - SBB anc tT& use
this difference as indicative of the flicker freauency
signals actually arising in the flame zone and to tTune the
band pass filter so that it is centred on the freauency at
which the peak amplitude of the difference signal (SD}
occurs. 1In this way the band pass filter is set for
optimum targeted flame discrimination.

The range of flicker freguencies being monitored is
desirably sub-divided into a substantial number (say 100 in
a typical case) of sub-band memory locations and the
frequency spectrum is stored as digital numbers (each say
between O and 99) one in each sub-band memory location.
For economy of memory reaquirements, the set of memory
locations used to receive the discrete sub-bands of the
first output signal level (SB) can be used to store the
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sub-bands of the difference signai (SD), so that the second
output signal level (SB+F) is used to modify the numper

stored in each memory location and is not separately stored
as such.

A sighting tube 1leading directly towards tne Tlame
zone is conveniently used to direct radiation to the photo-
sensitive area of the opto-slectric transducer anc prefer-
ably this tube includes 1lens means to focus the radiation
from the flame zone onto the said area. A single convex
lens (e.g. of 2.5 cm focal length and 22 mm diameter) has

been found to be a suitable 1lens means for this applica-
tion.

Detection can be undertaken at any suitable wavelength
but operation in the infra-red to near-ultraviolet range is
preferred.

The methoa of the 1invention 1is expected to find
particular utility 1in the monitoring of the individual
burners of a wall-fired pulverised fuel (p.f.) boiler where
0il is used for the start-up (or T1ight-up) burner. By
means of the invention we have been able to determine
whether one burner in a bank of 20 1is 1gnited wnen all
other 18 burners are operating and whether that one burner
is operating satisfactofi1y on 0iil, oil and p.f. or just on
p.f.. However, the 1invention is expected to find other
applications 1in the monitoring of the performance of
burners and 1its use with an oil/p.f. burner should be seen

to be one example of possible uses and not as a limitation
to use.

The opto-electric transducer 1is suitably a silicon-
based device (e.g. a VACTEC VTB 5050 UV) and the processing
of the output signal 1is conveniently effected using a
micro-computer (e.g. an Intel 8032). The band-pass filter-
ing is desirably arranged using a band-pass switched capac-
itor filter circuit.
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In the case of the monitoring for the presence of a
gas-fired fiame, it is desirable to operate at the ultra
violet end of the spectrum and 1in these circumstances 1t
can be useful to use a gas discharge phototube as the opto-

eiectric transducer.

Apparatus for carrying out the method of the invention
which includes an opto-electric transducer and signai
processing equipment to act on the electrical output of
the transducer and generate a "flame-on" signal in tne
presence of ‘a looked-for flame in a monitored Flame zone,
is characterised 1in that the signal processing eauipment
includes means to determine a flicker freguency which 1S
sensitive to the presence or absence of the looked-for
flame, a band-pass filter to receive the output cf the
transcducer, a threshold device to receive the output of the
band-pass filter and generate the “Flame-on" signal and
means to tune the band-pass filter to the determined
flicker freaquency. A particulariy convenient c¢ircuit Tor
processing the output signals from the transducer is a
tunable band-pass switched capacitor filter feeding 1NnTC an

RMS converter.

Brief Description of the Drawings
The invention will now be further described by refer-

ence to the accompanying drawings, in which:

Figure 1 is a schematic view of a modern piuri-burner

boiter, -

Figure 2 is the typical layout of a wall-fired boiler,

Figure 3 1is an enlarged cross-section through a flame

wall of the boiler of Figure 2,

Figures 4 and 4A are cross-section and end views,
respectively, of a p.f. oil start-up burner for use in the
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flame wall of Figure 3,

- -

Figures 5 and 8 are power spectral density graphs for

0il flame flicker and p.f. flame Tiicker, respectively,

Figure 7 1is a schematic view cf flame-Tlicker cetec-
tion equipment in accordance with this invention,

Figure 8 is a block circuit diagram of the electronic

equipment for operating the eguipment of Figure 7, and
Figures SA to 9C are exampies of freguency spectrum
signals 1illustrating how the monitoring method of the

invention is employed in a practical case.

Description of Preferred Embodiments

A typical layout of a modern boiler and the associated
plants is shown 1in Figure 1.

The main fuel is coal, which is delivered from bunkers
{1 to mills 2, where it is ground before being blown into a
furnace 3 by a ‘“primary" air stream as puiverised fuel
{p.T.). The air reaquired for combustion is blown by a
forced draught fan 4 through an air-heater 5, where 1t is
warmed by the flue gases which have passed through the
boiler. The 80% or so of air which does not go to the milil
2 1ig 1introduced to the furnace through burners 10 as

“secondary” air via a windbox 6.

After losing about 30% of the heat of combustion 1in
the furnace by radiation to surrounding evaporator tubes,
the flue gas passes over various stages of superheater 7,
reheater 8 and economizer 9 surfaces, to which it loses
another 50% by a combination of radiation and convection.
Finally, a further 10% is transferred to the combustion air
in the rotary regenerative air-heater 5 to be returned to
the furnace. This small percentage is thus recycled, but
about 10% is lost to the atmosphere through a chimney 11.

i
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Before reaching the chimney 11, the Tliue gas 18
cleaned of particulate matter in an electrostatic precipi-
tator 12 or a bag filter. Optionally, alsc, at jeast scme
of the sulphur dioxide is removed in a flue-gas desul-
phurization unit or scrubber. A Fan 13 provides the
suction to exhaust the furnace (which 1s usuailiy run at
just sub-atmospheric pressure) and draws the fiue gas
through the boiler, air-heater, precipitator and scrubper
to bring it to the pbase of the chimney {1 at abcut at-
mospheric pressure and 100-200°C. The gas is then driven

up the chimney by its own buoyancy.

There is a wide variety of possible bDbciler fFiring
configurations. However, the wall- or corner-fired poilers
are the two most commonly used boiler firing configurations
for large industrial boilers although other boiler Tiring

configurations can be found.

A wall-fired p.f. boiler with individual burners 10 is
shown in Figure 2. The burners may be arranged on one wall
of the furnace, on two opposite walls {opposed-firingj or

1ess commonly, on all four walls.

A cross-section of the flames produced 1in a front
wall-fired boiier is shown in Figure 3, the windboX again
being shown at 6 and the burners’ fTlames at 14. Each
burner 10 is associated with a flame-sighting tube 15, only

one of which is shown and this is drawn out of position for

clarity. ;

A mechanical layout of a typical oil burner is shown
in Figures 4 and 4A. The primary air and coal enter the
combustion chamber through pipe 20 (the p.f. outlet pipe)
which passes concentrically through a cylindrical secondary
air register 21. There is a fixed degree of swirl given to
the secondary air as it passes through the register 21 and

into the burner by 2 number of peripherally spaced vanes
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2z. At the exit 23 of the p.f. outlet pipe 25 is T:tisd a
coal spreader 24 which diverts the p.T. in a conica® siream

intc the surrounding secondary air. The sprsacer 24 is
supported on the end of a tube ZE which passes down the
centre of the p.f. outlet pipe 20 and which alsc carries
the barrel of the o0il start-up burner 28, thus, tre cil anc

p.f. burners are concentric.

When the burner 1is operating on oil {i.e. 1n 1ts
start-up mode) the flame is ignited {e.q. py a
propane/electric torch which 1is sited alongside the oil
burner barrel within the burner carrier tube).

The radiation from a flame varies in ampiituce az all
times. That is, it is momentarily changing from brighter
to dimmer to brighter and so on. Some flames Tiicker at a
low fTreguency. but even those flames that seem to be
perfectly steady to the eye, do 1in fact have amplitude
variations (which for convenience herein are being referred
to as "flicker”) and this flicker can be detected by a
chotoelectric detector. The rate of flicker is usually too
fast to be seen by the eye and its frequency dJdepends to
some extent on the type of fiame, but it has been Tound
that a substantiail amount o¢f 10-2C H:z fiame TFiicksrs are

present in all fiames.

A further characteristic of flames that is of interest
to flame failure controlis is the light transmission of the
combustion products. When a flame 1is burning without
enough air for cliean burning, free carhbon will be produced
which causes a smoky flame and smoke in the combustion
products.

The radiation properties of oil and p.T. Tlames are a
resulit of the complex 1interaction between aerodynamic,
chemical and thermal processes. These interactions deter-
mine the flame ignition patterns and propagation rates and

the formation of flame flicker radiation and pollutants.
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Whereas perijodic signals may be compietsiy aescriced
by their amplitudes, phases and frequencies, random signals
are thoss _where future behaviour cannot be pregicted anc
may only be described by quantities such as the power

spectral density, and probability distribution.

Power spectrum analysis 1is useful 1n characterizing
random phenomena such as identifying sources of mechanical
vibration and ncise. It is alsc used in characterizing the
energy content of a signal. The idealized power spectral
densities for both oil and pulverised coal flame flicker
are shown 1in Figures 5 and 6. in these Figures the or-
dinate is power per Hertz and the abscissa is freguency in

Hertz.

From a comparison between the oil flame spectrum of
Figure 5 and the p.f. flame specirum cf Figure 8 1t will be
noted that at the low frequency end (e.g. below 30 Hz) botih
exhibit strong signals but the contribution from the oil
flame tails off more slowly at higher frequencies. Similar

considerations apply to gas flames.

Figure 7 shows a practical empodiment of flame detec-
tion eguipment 1in accordance with this invention. The
equipment basically comprises a flame viewing heacd 30 and a

control unit 31 linked by a cable 26.

The head 30 includes a casing 35 housing a photo-
sensitive device 34 onto which radiation from a selected
region of a furnace or boiler is directed via a lens 33 1in
a sighting tube extension sleeve 32. Convenientiy the
sleeve 32 1is made to be an easy but secure Tit to an
existing sighting tube of a boiler or furnace whose fTlame
performance is to be monitored but the features to achieve
this have not been shown. The casing 35 may include a
venting duct 37 to clear moisture from the optics therein

when reguired.
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The control unit 31 dincludes the compcnents shown
within the box 80 of the circuit shown in Figure 3 anc
these will be discussed more fuliy hereafter, but tne unit
also includes a digital display 38 and a lamp 38, To give
visual indication of the flame concditicn, and thres buticns
40-42. Button 40 1is a reset putton to set the threshold
jevel and buttons 41 and 42 are "initiate search” buttons
which are used 1in setting up the equipment and r par-
ticular putting into the computing memory of the ecu:pment
{by using button 41) the digitized freaguency spectrum cf
the radiation entering the casing 38 when the f{ilams teing
monitored is present in the foregrcund of the field of view
of the head 30 against the background radiation o7 Ctiher

flames in the furnace or boiler and (by using buttcon 42

storing the digitized freaquency spectrum of oniy the Cack-

grounc radiation entering the head 30.

The unit 31 also includes a mains suppiy 1eac 42 and a
connector 44 for linking the unit to a remote data prccess-

ing station.

Referring now to Figure &, the circuit iilustrated
comprises a signal conditioning circuit &1 receiving the

input from the cable 25 and an ac amplifier 52 wno

"
(Y
[fe]
[s})
-t
pu}

is adjustable by an adjust control 53. The output Trom the
ampiifier 52 1is fed to a band-pass switched cacacitor
filter (BSCF) 54 which receives three further inputs. One
input is on line 55 from a bank 56 of switches which set
the effective "Q" of the BSCF, one input on a 1line 57 from
a central microbrocessor 58, and a final input on & line 58
from a clock generator 60 which 1is controlied by the

processor 58.

The 1ine 57 forms part of a self-check system whereby
the electrical integrity of integers 54, 61, and €2 are
periodically checked. Periodically (e.g. every 5 seconds)

a self-check signal is issued by the microprocessor 5&.
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This signal 1s fed on line 57 anc i1s aesigned tc turn C
the output of the BSCF 54 and hence the outpbut cf the
threshold detector 62. If the circuit is werking proecerly,
removal of the output from the detectior 6Z shouid result In
a loss of the "flame-on" sighal and during the seif-check
operation the circuit looks to see that the outobut from
detector 62 does momentarily disappear. Thus, a sel1f
checking facility is implemented by issuing a self-check

‘signal on the 1line 54 and monitoring the correspongaing

response from the output of detector 6z.

The BSCF acts as a digitally tunable band-pass filter
and accordingly 1is used to generate a series of ac poten-
tial values from the output of the photosensitive gevice
4, one for each discrete freguency pass band 1in turn.

(]

which together scan the full range of freguencies cf
interest (i.e. 1in a typical case 80 to 1500 Hz). The ac
values are converted to dc potentials in an ac/ac converter
61 and these dc values are fed both to a thresholc dstector

62 and to an analog to digital converter 63.

Since the flicker freguency can change Wit tThe
efficiency of combustion of a given burner fuel, the
monitoring eaquipment described herein can also De usel to
indicate the onset of non-optimum combustion conaitions in

the burner being monitored.

The microprocessor 58 1is the heart of the circuit

shown in Figure 8 and performs the following functions.

Firstly, it stores a first digital signal train
representing the radiation received in the head 30 when no
flame is present at the monitored burner so that it is pure
background radiation which is detected (this signal being
entered into the memory of processor 58 when button 42 is
pressed). This first signal train is represented graphi-
cally 1in Figure 9A, but 1in practice would be stored as

digital numbers in a hundred or so sub-band memory Toca-
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tions which together cover the entire range of freauencies
of interest. The sub-band memory locations are desirably
concentrated towards the iow end of the spectrum te.g. 7C
to 2000 Hz) since practice shows the optimum Tiicker
frequency 1is likely to be at the low end for the looked-for
fiame type.

Secondly, it stores a second digital signal train
representing the radiation received 1in the head 30 when a
looked-for fuel fiame is present at the monitored burner as
seen against the background radiation of the furnace
{entered into the memory of processor 53 when button 41 1is
pressed). This second signal train 1is represented by
Figure 9B, and can again be stored 1n sub-band memcry
locations.

Thirdly, it computes the difference between the second
and first signhal trains and stores this as a third signal
train (shown graphically 1in Figure 9C) which basically
represents , historically, the contribution to the sianal

due to the combustion of the looked-for fuel a< the moni-

tored burner.

Fourthly, this third signal train 1is scanned to
determine the frequency at which the peak amplituae occurs
and the tunable bandpass filter is then tuned to target the

frequency at which the peak amplitude occurred.

These operations have set the unit 31 for future flame

monitoring operations for the looked-for type of fiame.

The signal obtained from the target flame is compared
continuously with a set threshold level 1in the threshold
detector 62 so that whenever the flame signal received, 1in
the freguency range being targeted, is greater than the set
threshold level a "flame-on" signal is generated and passed
to the microprocessor 58. wWwhen the flame signal drops
below the set threshold level the “flame-on” signal disap-

-
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pears and an appropriate warning is given.

in essence the threshold detector €2 ignores signal
amplitudes below the set threshold 1level but accepts
signals at or above the set level. By virtue of the
“tuning" of the bandpass filter to the filicker freguency cf
the looked-for type of flame, the appearance of a "flame-
on" signal can reliably be used by the microprocessor £8& to
transmit 1initiating signals to field devices (nct shown )
via a failsafe output unit 64 and the connector 44, and to
associated controls such as the display 3& and the incicat-~

ing 1ight 839.

Rather than store both the first and second signal
trains, it 1s possible to temporarily store tne first and
directly create the difference signal by subtracting the
sub-band digital values created Dy the second train from
the temporarily stored first digital values to directiy
create the reguired difference signal in the one set of

memory locations.

From the above it will be appreciated that the method

of the invention resides in the following:-

Random background freguency and existing flame sources
are scanned and an analog signal obtained from these
sources is passed through the tunable band pass Tilter 54
and thence through to the microprocessor 58. The frequency
spectrum obtained 1is accepted by the microprocessor and

stored as a first series of digital references.

wWwhen the flame to be monitored is established, the
Fflame is scanned and new analog signals are obtained from
the flame. These signals are then passed through the same
tunable band pass fiilter and thence through to the micro-
processor. The signals obtained from this second source
are accepted by the microprocessor and then either stored
as a second serijes of digital references with the first
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series of references for subseaguent differencing or thne
second series of digital references are directly subtracted
from the first series and stored as a new series of digital

references.

The new series of digital references 1s then scanned
to determine the freguency (or freaquencies) at which the
peak amplitude occurs and the tunable band pass filter 1s
tuned to target a freaquency at which the peak amplitude
occurred. This sets the unit 31 for future flame monitor-

ing operations for the looked-for type of flame.

Having set up the unit 31 on the basis of the previous
steps, the current output of the opto-electric transducer
device (24) 1is compared with a set threshold level sc that
whenever the Tlame signal received 1is greater than the set
threshold 1level a "flame-on" signal 1is passed to the
microprocessor.

Among the advantages of the method of the invention
may be mentioned:-

1. A common device (i.e. the band pass filter) can be
used for (i) the 1initial backaround and targeted flame
flicker analyses and (ii) the actual targeted flame detec-
tion.

2. Optimum targeted flame detection will be obtained
irrespective of (i) the 1loading of a boiler. i.e. the
intensity of background flames and (ii) flame interferences

from neighbouring burners.

3. The flame monitoring equipment can be easily and
economically implemented using a microprocessor.
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CLAIMS

{. A methcd of monitoring a potential flame zone of a
burner for the existence of a burner - generated flame of a
reguired type, which methoa comprises directing radiation
received from and through at least a part of said zone onto
a photo-sensitive area of an opto-electric transducer
device, feeding the output of the transducer device TC
circuit means adapted to gdgenerate an output signal wnich 3s
reiated to the radiation falling on the sensitive area anc
determining from the magnitude cf a parameter of the oulpuT
signal whether there 1s or is not a Tlame of the recuirecd
type in the flame Zone,. characterised in that the circulit
means includes a band-pass filter to eliminate the con-
tributions of radiation having frequencies cf ampiituae
variation (hereafter, fcr convenience, referred to as
"rf1icker" frequencies) Delow or above tne rass band. in
that the pass band of the filter is set to that part cf the
freguency spectrum where the Flicker frequency of a flame
of the required type 1is de-ectable aagainst backgrounc
radiation passing through said zone, and 1n that the CuUIDUT
signal in the pass band is used tc determine whether a
flame of the required 1Type is present in tne monitored

flame zone.

2. A method according to claim 1, characterised in
that the centre freaquency of the band-pass filter 1s
tunable and an 1initial stage of the monitoring metnod
involves setting said centre freguency on the basis of &
determination of a difference between the output signal
when a flame of the required type is and is not present in

said zone.

5. A method according to cilaim 2, characterised in
that the centre freaguency is selected to correspond to tne

maximum amplitude of said difference signal.
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4 A methcc according ts ciaim 1, characIsrisecs in
that the pass band of the filter lies 1n the range 70 tc
2000 Hz
5. A Tiame monitoring device comcrising an cpto-

(8]

glectric transcucer and signal processing eguipment TO act
on tne electricai cutput oF the transaucser and generate a
"fiame-con” signal in the presence ¢f a locked-for flame 1in
a monitored flame zone, characterised 1n <that the signal
processing equipment includes means tc getermine a Tlicker
1 Tfrequency which 1is sensitive to the presence cr acsences of
the locked-for flame, a band-pass Tilter 0o receive the
output cf the transducer, a threshoid device tc recsive itne
outout of the banc-pass fiiter and dgenerate the "fiame-on’

signal anc means tc tune <tThe band-pass Tilter tc the

—
(e4]

dezermined Tiicker freguency.

6. A Tlame monitcr device accorging tTc ciaim 3,
characterised 1in that a sighzing tube ieading directly
n

towards the flame zone is used tc direct radiati

® O

pnoto-sensitive area of the opto-electric transcuc

r
1

2¢ 7. A filame monitor device according to ciaim £,
characterised 1in that the sighting tupe inciudes lens msans
to focus the radiation from the flame zone ontc the saic
area. :

&. A Tiame monitor device according tTo claim 5,

25 characterised 1in that the band-pass filter is a tunabdble
band-pass switched capacitor fTiiter c1rqyit.

9. A fiame monitor device according tc claim 8,
characterised in that the <tunable band-pass switched
capacitor filter circuit feeds its output into an AC/DC

30 converter and then to the threshold device.
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