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6 Claims. (Cl 158—28)

The present invention relates to means and techniques
for detecting the presence of a flame and for controliing
the flow of fuel to such flame.

The problem of detecting the presence of a flame in a
furnace gives rise to certain difficulties, mainly, because
the radiation energy from the heated walls of the furnace
may, unless certain precautions are taken, have the same
effect as the radiation energy from the flame itself, with
the result that a false indication may be produced, lead-
ing to the creation of a dangerous situation.

Briefly, the present invention relates to improved means
and techniques for producing an indication or control
which takes into account the radiation energy from the
heated furnace walls as well as from the flame, and pro-
ducing what may be termed to be a differential effect
which is sufficiently large in magnitude to produce an
indication or control, such differential effect being meas-
ured in terms of difference in radiation energy between,
on the one hand, the radiation energy from the flame,
and on the other hand, the radiation energy from the
heated furnace wall or any other body which is heated
by a flame.

This result is accomplished, generally, as described
more fully hereinafter, by directing the combined radia-
tion energy from the flame and walls, on the one hand,
and the radiation energy from the walls, on the other
hand, alternately onto a single photocell which serves to
develop a fluctuating output voltage, such output voltage
being amplified by an amplifier which is preferably selec-
tive to the frequency of fluctuations that are due to the
flame, the output of the amplifier being used to control a
solenoid valve which in turn controls the flow of fuel to
the flame.

It is, therefore, a general object of the present inven-
tion to provide new and improved means and technigues
of this character. s

A specific object of the present invention is to provide
means and techniques of this character which produce
the intended result without substantial interference as
a result from either the inherent sporadic fluctnations in
intensity of the flame, or induction or pickup of the
fundamental or harmonic frequency of neighboring power
circuits.

Another specific object of the present invention is to
provide an arrangement of this character which is suit-
able for either gas or cil heated furnaces.

Another specific object of the preseat invention is to
provide means and techniques of this character which
obtain the above mentioned differential effect in a novel
manner using novel apparatus.

The features of the present invention which are believed
to be novel are set forth with particularity in the appended
claims. This invention itself, both as to its organiza-
tion and manner of operation, together with further
objects and advantages thereof, may be best understood
by reference to the following description taken in con-
nection with the accompanying drawings in which:
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Figure 1 illustrates apparatus embodying features of
the present invention associated with the flame in a con-
ventional furnace having conventional flame producing
means associated therewith.

Figure 2 is a view taken generally on the line 2—2
of Figure 1.

Figure 1 shows a furnace 10 defined by the interior
walls 11, 12, 13 and 14. Conventional flame producing
means designated by the general reference numeral 16
serves to burn fuel and produce the flame 17. The wall
11 is provided with an opening 11A to allow the novel
apparatus now described in detail, to view certain con-
ditions inside the furnace 10. The optical system, gen-
erally, is arranged to receive radiation energy from the
flame 17 along the general path designated by the line 20
and to receive radiation energy from the heated furnace
wall 14 along the general path indicated by the line 22.

The optical system includes, generally, a prism or radia-
tion energy directing means 30 disposed in the front end
of radiation energy tubes 39, 46, a pair of lenses 31, 32,
a pair of apertures 33 and 34, a radiation energy apply-
ing or collecting cone 36, all of which serves to direct
radiation energy onto a photocell 38. The Iens 31 is dis-
posed in the first radiation energy channel 39 to focus
the radiation energy from the wall 14 onto the photo-
cell 38; and, likewise, the lens 32 is in the second radia-
tion channel 40 to focus the radiation energy from the
flame 17 onto the photocell 38. Radiation channels or
light tubes 39 and 40 terminate at the apertures 33 and
34, such apertures 33, 34 being alternately and recur-
rently blocked, in an optical sense, by the rotating aper-
tured disk 59 which is suitably apertured to allow the
combined radiation energy from the flame and wall, on
the one hand, and the radiation energy from the furnace
wall, on the other hand, to impinge on the photocell 38.
Such rotation of disk 53¢ converts the incoming radia-
tion energy into energy pulses. Also such rotating disk 5@
serves as an element for alternately and sequentially apply-
ing the radiation energy from channels 39 and 40 onto the
photocell 38. As described, the prism 39, of course, directs
the radiation energy from the wall 14 into the channel
39 and such prism likewise directs the combined radia-
tion energy from the flame 17 and wall 13 into the chan-
nel 40. The apertured disk or shutter 50 is rotated at
a relatively high speed by the motor 52 through the
flexible belt 53 which basses over, on the one hand, the
pulley 55 on the motor shaft and, on the other hand, the
pulley 58 on the shutter shaft 59. The shaft 59 is suit-
ably journaled for rotation in conventional bearings (not
shown), while the motor 52 is mounted on the floor of
the rectangular light-tight box 60 which has the two
aforementioned rectangular apertures 33 and 34 therein.
The radiation channels 39 and 49 may be either rec-
tangular or circular, but arranged to exclude extraneous
radiation from entering the apertured porticns 33 and
34.

Thus, when the flame 17 is present the photocell 38 is
alternately subjected to the combined radiation energy
from the flame 17 and wall, on the one hand, and from
the wall 14 of the furnace on the other hand. Since the
radiation energy from the flame 17 is substantially greater
than the radiation energy from the furnace wall 14, the
photocell 38 is recurrently subjected to relatively large
radiation intensities, with the result that the relatively
large and rapidly varying voltage is developed across the
load resistance 78, such load resistance 79 being serially
connected with the photocell 38 and source 72. Prefer
ably, the photocell 38 is of the 931A type. The voltage
developed across resistance 70 is thus a quantity, the mag-
nitude of which is representative of the combined radia-
tion energy beétween, on the one hand, the radiation energy
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from the flame and walls and the radiation energy from
the furnace walls on the other hand, and the cyclical varia-
tion of such quantity is in accordance with the speed of
rotation of the shutter 50 and the number of apertured
windows 50A in the shutter 50. Preferably this cyclical
variation is made relatively high in relationship to the
average frequency of the sporadic fluctuations of the
flame 17 and sufficiently removed from the fundamental
or harmonic frequency of neighboring power supply cir-
cuits such as commercial 60 cycle power supply circuits,
thereby preventing the determination from being cbscured
either by the flame flutter or by pickup or induction from
neighboring supply circuits.

It is noted that in one revolution of the shutter 39, the
photocell 38 “sees” the flame 17 eight times, i. e., the
number of - apertures 58A in disc 50. Further, in cae
revolution of the disc 58, the photocell 38 “sees™ the fur-
nace wall twice this amount, namely, 16 times. This is
so since the photocell “sees” the wall I3 when the flame
17 is being simultaneously viewed and, in addition, the
photocell 13 “sees” the wall 14 alone when the flame is
not being viewed. Consequently, the fluctuating output
voltage appearing across resistance 70 may be considered
as having two components, namely, a low frequency com-
ponent corresponding to those fluctuations produced by
the flame alone, and a high frequency component, of twice
the frequency of said low frequency component.

The cyclically varying voltage having such low and
high frequency components thus appearing acress resist-
ance 70, when a flame is present, is applied through con-
denser 76 to the input resistance 77 of the amplifier stage
78. Preferably the amplifier stage 78 is “tuned” or
“peaked” at a frequency corresponding to the cyclical
variation or frequency of such low frequency voltage

component developed across resistance 79. Such “tuned” 5

or “peaked” amplifier stage 78 thus serves as a means for
discriminating between such low and high frequency
components of the voltage developed across resistance 78.
Tuned amplifiers serving the purpose of amplifier stage
78 are well known in the art and are disclosed in section
7-1 of chapter 7 of Radio Engineering, third edition, by
Frederick E. Terman, 1947. The voltage developed at
the output terminals of the amplifier stage 78 is applied
to the control circuit 80, which is considered conventional
for controlling the energization of the solenoid valve 82,
such valve 82 serving to control the flow of fuel which
normally flows between the fuel inlet line 84 and the fuel
outlet line 85 extending to the conventional burner or
flame producing means 16. The valve 82 is open when a
flame is present, but is allowed to close under the influence
of springs conventionally associated with this type of
valve, immediately upon cessation of the flame, i. e., im-
mediately upon cessation of the raditaion energy from the
flame.

When the flame is extinguished for any reason, there is,
of course, no radiation energy from the flame 17 and, as
shown in the drawings, the photocell 38 alternately “sees”
the walls 13 and 14 of the furnace and, since these two
walls have substantially the same or somewhat different
temperatures, the radiation energy from the same is sub-
stantially the same or somewhat different. The photocell
38 is, of course, subjected to this difference, but under
these conditions a relatively small voltage appears across
the resistanice 70, and across resistance 77 with the result
that the solenoid 82 is allowed to become de-energized,
thereby preventing further flow of fuel to the burner.

It is apparent that instead of using a rotary shutter 50
a reciprocating shutter may be used if desired; likewise,
the design or shape of the windows 50A, and their num-
ber, is considered to be one of design and is preferably
such that there is a voltage of relatively large average in-
tensity which varies cyclically and which has a low and a
high frequency component as described above, developed
across resistance 70 when there is a flame and a voltage
of relatively small average intensity which varies cyclically
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and has only such high frequency component across the
resistance when there is no flame. Thus, by the means
described above which involves the “tuned” or “peaked”
amplified stage 78, a differential effect is produced since
the channel 39 passes radiation from the fire brick walls
14, while the other channel 40 passes radiation energy
emanating not only from the flame 17, but also from the
fire brickwall 13, along the path represented by line 20,
such line 28 intersecting the inner wall 13. In effect, tak-
ing into consideration the frequency selective nature of
the amplifier 78, the output of the two radiation chan-
nels 39 and 48 is subtracted electrically so that with a
“flame on” condition the net voltage developed across con-
trol 86 is considered as that being due to the flame alone
and with a “flame off” condition the net voltage developed
acress control 80 is considered to be zero.

While a prism 30 is preferred for directing the radia-
tion, other light refracting or light reflecting means may
be used, adjusted, however, as described above.

While the particular embodiments of the present in-
vention have been shown and described, it will be ob-
vious to those skilled in the art that changes and modi-
fications may be made without departing from thjs in-
vention in its broader aspects and, therefore, the aim
in the appended claims is to cover all such changes
and modifications as fall within their scope.

I claim:

1. In a flame detecting and controlling arrangement
of the character described, flame producing means for
producing a flame, a body heated by the flame, means
for alternately and sequentially collecting and delivering
radiation energy pulses from, on the one hand, said
flame and said body heated by said flame, and on the
other hand, from said body alcne, with the radiation
energy pulses from the body, in each instance, being
substantially equal and occurring at equally spaced in-
tervals to thereby develop radiation energy pulses vary-
ing cyclically at two different frequencies, a radiation
responsive electrically operable device operably asso-
ciated with said collecting and delivering means, means
located between said collecting and delivering means
and said device for applying said cyclically varying ra-
diation energy pulses onto said radiation responsive de-
vice, said device in response to said radiation energy
pulses developing a control voltage having two com-
ponents varying at a low frequency and a high fre-
quency, said low and high frequencies corresponding
to said two differing frequencies developed by said cyclic
varying radiation energy pulses, and control means re-
sponsive to only said low frequency component of said
control voltage to control the flow of fuel to said flame
producing means so that the flow of fuel is maintained
in the presence of and discontinued in the absence of
said low frequency component of said control voltage.

2. In flame detecting and controlling apparatus of the
character described wherein it is desired to control a
flame which heats a body, flame producing means for
producing a flame, a body heated by the flame, means
collecting and delivering radiation emergy from, on the
one hand, said body and said flame, and, on the other
hand, from said body alone, alternately and sequentially,
with the radiation energy from the body, in each instance,
being substantially equal and occurring at equally spaced
intervals, radiation responsive electrical means operably
associated with said collecting and delivering means to
develop a cyclically varying electical control voltage
having low and high frequency components in accord-
ance with said alternate and sequential delivery of ra-
diation emergy to said radiation responsive electrical
means, and means controlling the flow of fuel to said
flame producing means in accordance with only said
low frequency component of said control voltage so that
the flow of fuel is maintained in the presence of and
discontinued in the absence of said low frequency com-
ponent of said control voltage.
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3. In flame detecting and controlling apparatus of
the character described, flame producing means for pro-
ducing a flame, a furnace wall heated by the flame, a
first radiation energy collecting and delivering channel,
a second radiation energy collecting and delivering chan-
nel, means subjecting said first channel to radiation en-
ergy from said wall of said furnace, means subjecting
said second channel to radiation energy from said wall
and also to radiation energy of said flame, a single ra-
diation responsive electrical means operably associated
with said first and second channels, means located be-
tween, on the one hand said first and second channels,
and on the other hand, said radiation respomsive elec-
trical means for alternately and sequentially applying
the radiation energy from said first and second channels
to said radiation responsive electrical means, with ra-
diation energy from the wall, in each instance, being
substantially equal and occurring at equally spaced in-
tervals to develop a control voltage which varies at two
different frequency components, one at a low frequency
in accordance with radiation energy from said flame alone,
and the other at a high frequency in accordance with
radiation energy from said body alone, frequency dis-
criminating means connected with said radiation respon-
sive electrical means to receive said control voltage
with its said two frequency components and to produce
an output of only said low frequency component, and
control means connected with said discriminating means
for controlling the flow of fuel to said flame, said con-
trol means being sensitive to said low frequency com-
ponent so that the flow of fuel is maintained in the
presence of and discontinued in the absence of said low
voltage frequency component.

4. In flame detecting and controlling apparatus of
the character described, wherein a flame heats a body,
flame producing means for producing a flame, a body
heated by said flame, radiation energy collecting and
delivering means, a single radiation responsive electrical
means operably associated with said radiation energy
collecting and delivering means, said radiation energy
collecting and delivering means being located between, on
the one hand, said flame and body, and on the other
hand, said radiation responsive electrical means, means
for alternately and sequentially applying radiation en-
ergy from, on the one hand, said flame and said body,
and on the other hand, from said body alone, onto said
radiation responsive electrical means, with the radiation
energy from the body in each instance, being substan-
tially equal and occurring at equally spaced intervals
to develop in said radiation responsive electrical means
a control voltage having two varying frequency com-
ponents, one varying at a low frequency and the other
at a high frequency, control means for controlling the
flow of fuel to said flame, said control means being sen-
sitive and responsive to the presence of said low fre-
quency component, and means receiving from said ra-
diation responsive electrical means said high and low
frequency components of said contro! voltage and trans-
mitting to said control means only said low frequency
component so that the flow of fuel to said flame is main-
tained in the presence of and discontinued in the ab-
sence of said low frequency component.

5. In flame detecting and controlling apparatus of the
character described wherein a flame heats a body, flame
producing means for producing a flame, a body heated
by said flame, a single radiation responsive electrically
operable device, a first radiation energy collecting and
delivering channel, radiation energy directing means lo-
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cated between, on the one hand, said flame and body,
and on the other hand, said device, for directing radiation
energy from said body and flame into said first channel,
a second radiation energy collecting and delivering chan-
nel, said radiation energy directing means directing radia-
tion energy from said body to said second channel, said
radiation responsive electrically operable device being
operably associated with said first and second channels,
means alternately and sequentially communicating said
first and second channels with said device, with the radia-
tion energy from the body, in each instance being sub-
stantially equal and occurring at equally spaced intervals
to develop an electrical control voltage having two com-
ponents varying at a low frequency and a high frequency,
the low frequency corresponding to radiation energy from
said flame alone, and the high frequency corresponding
to said body alone, control means for controlling the flow
of fuel to said flame, said control means being sensitive
and responsive to said low frequency, and means receiv-
ing from said radiation responsive electrical means said
high and low frequency components of said control volt-
age and transmitting to said control means only said low
frequency component so that the flow of fuel to said flame
is maintained in the presence of and discontinued in the
absence of said low frequency component.

6. In flame detecting and controlling apparatus of the
character described wherein a flame heats a body, flame
producing means for producing a flame, 2 body heated
by the flame, a radiation responsive electrically operable
device, a first radiation energy collecting and delivering
channel for delivering radiation energy from said body
onto said device, a second radiation energy collecting
and delivering channel for delivering radiation energy
from said flame and said body onto said device, said de-
vice being operably associated with said first and second
channels, a member located, on the one hand, between
said first and second channels, and on the other hand, said
device, said member being movable to place said first
and second channels alternately and sequentially in com-
munication with said device, with the radiation energy
from the body, in each instance, being substantially equal
and occuring at equally spaced intervals, means including
said device for deriving a control voltage having two
differing frequency components, one frequency being low
and corresponding to radiation energy from said flame
alone, and the other frequency being high and corre-
sponding to radiation energy from said body alone, con-
trol means for controlling the flow of fuel to said flame,
said control means being sensitive and responsive to the
presence of said low frequency, and frequency discrim-
inating means receiving said high and low frequencies
and transmitting to said control means only said low
frequency so that the flow of fuel to said flame is main-
tained in the presence of and discontinued in the absence
of said low frequency component.
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