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4 Claims.

This invention relates to optical apparatus for
observing heat sources, and more particularly to
safety arrangements for photoelectrically super-
vising the operation of heating plants with re-
spect to proper flame condition.

It is well known that explosions are an ever-
present hazard in the operation of heating plants
such as boilers, heaters, furnaces, heat-treatment
ovens, kilns and similar, especially pressure fed,

" equipment. Such explosions are meinly due to
failure promptly to detect loss of flame. As soon
as the flame dies, fumes and gases accumulate
and combine with air to form g highly explosive
mixture in the combustion chamber. If only a
few seconds elapse before the fuel is cut off, a
stray spark, the hot refractory lining, or another
flame may set off the flash.

It is one of the main purposes of ‘the present
invention to provide a reliable safeguard againsi

“such dangerous conditions, by directly supervis-
ing 2 selected flame which may be a main flame,
a pilot flame, or a combination of both, or other
radiating body while, if desired, excluding inter-
ference with this function by. othér radiators
which need or should not be inciuded in the su-
pervisory function; to provide equipment of this
type which is suitable for 2 large variety of fuels
such as oil, gas, pulverized coal; and generally to
provide a device of this type which is able to
operate at relatively high ambient temperatures

"and can be conveniently combined with heating
equipment of various types.

These and other objecis and aspects will be
more fully apparent from the following descrip-
tion of a practical embodiment illustrating the
‘genus of the invention. The description refers
to a drawing in which

(Cl. 250—41.5)

. 2
suitable material for example heat-resisting glass.
Sultably fastened to the wall is a mounting
bracket § which has an opening § approximately

- aligned with the furnace window 2 and to which
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is suitably fastened, in g manner to be described
in detail herebelow, the supervisory unit proper
indicated at {0. Within the furnace is suitably
mounted a main burner {1 which is supplied from
a fuel line {2, the fuel supply being controlled by
8 -main solenold valve {5 and a manual valve {6.
Combustion Is initiated by means of g pilot burner
2{ supplied by g pllot fue! line 22 which branches
from the main fuel line at 23 and may be con-
trolled by an electrically operated pilot solenoid

valve 26. The cycle of operation may be initiated

by a thermostat, pressurestat, or manually by
means of a push button, which devices are in-
dicated at 28. An abnormal -condition, as ex-
tinction of the pilot flame, may be indicated by
a signaling device such as an alarm bell 28. The

" entire installation is supplied with electrical cur-
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rent frem a supply network 36.
For the purposes of the present invention the
flame to be supervised, in the present instance

‘the pilot flame F, is preferably provided with an

auxiliary radiating body 20 which will be described

" more in detail hereinbelow and which may be
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* now be described in detail.
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Fig. 1 is a schemaitic representation of & he&t-_ .

ing installation incorporating the optical observa-
tion unit according to the invention;

Fig. 2 a front elevation of the optical unit ac-
cording to the invention; .

-Fig. 3 a section on line 3--3 of Fig. 2;

Fig. 4 a section on line §—4 of Fig. 3;

Fig. 5 a diagrammatical illustration of the
function of apparatus according to the invention,
including a side elevation of the auxiliary mdl-
ator; and

Fig. 6 a front clevation of the suxiliary radi- )

ator.

The general arrangement and the environ-
ment of a practical embodiment of the invention
will first be described with reference to Fig. 1 in -
which { represents a wall of & furnace which has
a window 2 covered by & transparent plate 8 of
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fastened to the pilot burner by means of a

-eclamp 26.

Referring to Figs. 2, 3, and 4,- the construction
of the optical unit according te the invention will
-The above-méntioned
mounting plate §, with window 8, carries on its
upper part a bracket 3¢ to which is hinged at 32
& support plate 83 which is provided with g flange
84 corresponding to an arm 85 extending from
the lower portion of mounting plate 5 and hav-
ing a slot 36 which permits adjustment of the in-
clination of plate 33 relatively to mounting plate
5 and flame F by means of a screw bolt 37 inserted
through a hole of flange 38 and through slot 36.

The lens plate 33 has a circulsr opening fitted
with an optical mount 40 fastened to. the plate
with two rings 41 and 42 which have inside
threads engaging the threadzd boss 43 of aper-
ture cone 44. A lens 50 is confined between the
wider end of cone 44 and fiange 5{ of ring &1.

The apex end of the cone 44 has an aperture
boss B5 pierced with .a small aperture 6§ and
threaded on the outside.

An apparatus box 61 is fastened to the optical
mount 40 and to the lens plate 83 by means of
two rings 68, 64 screwed to boss 55 confining
therebetween the wall of box 6! which has at that
point & circular window dimensioned to receive
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the boss; a stud 62 distances the lower portions
of plate 33 and housing 6{.

Box 61 has a cover 68 and carries a chassis 67
upon which is mounted a radiation responsive de-
vice such as phototube 78. The box 6! may also
contain, mounted on chassis &7, suitable appa-
ratus for amplifying the phototube output cur-
rent, and relay apparatus whose construction de-
pends upon the particular installation. Since the
control circuit proper does not constitute part ¢f
the present invention, only the phototube is
shown.

.The aperture cone 44 is preferably S0 con-
structed that its inner surface fairly closely en-
velopes the light beam which lens 506 projects fo-
wards aperture 60 in the manner to be deseribed
below. The cone is preferably provided with one
or more cooling flanges indicated at 80.

The above-described arrangement operates as
follows.

The auxiliary radiator 20 remains incandes-
cent so long as the flame with which it is associ-
ated burns and will emit intense radiation pre-
dominantly of a wave length higher than that
of the usual heating flame and well within the
range to which conventional phototubes are pre-
dominantly sensitive. On the other hand, due
to its very small mass, the body 20 will cease
to radiate practically immediately upon extine-
tion of the flame. These radiators may com-
prise, as shown in Figs. 5 and 6, a protective en-
velope 20a for example of quartz, a radiating ele-
ment 200, for example a small platinum sheet or
body of oxidized tungsten, sealed in the quartz
envelope, and a supporting rod Z0e.

Lens 58 is so placed relatively to radiator 20
that it images the latter at aperture 60; the pho-
tocell 70 is arranged behind aperture 60 so that
the effect upon cathode 70k, of the light flux
coming from aperture 60, is an optimum under
the prevailing conditions including the hature
and shape of the cathode and the nature of the
radiation in question.

Radiation coming from -any region in front
of lens 50, other than that in the present embodi-
ment occupied by radiator 28, will be refracted
by the lens to form beams which do not converge
at aperture 60 and which do not conform to the
shape of aperture cone 48 and are therefore in-
tercepted and absorbed by the inner cone sur-
face which is preferably rough and blackened.
For example, a point p below radiator 20 would
be imaged at p’ in image plane P and the respec-
tive beam intercepted as indicated. Similarly, a
point between radiator and lens would be imaged
beyond aperture 66, and a point in front of the
radiator would be imaged between lens and aper-
ture; in either case only a small portion of the
respective stray radiation will reach aperture
60; by adiusting, with conventional means, the
sensitivity of the circuit including the photocell
10 to a minimum value above that ef this stray
radiation it is easily possible to render effective
only the image of fully emitting radiator 20 at
aperture 60.

In this manner, any effect upon the phototube
of radiation from furnace walls or from other
more or less voluminous structural elements
which might continue to radiate during a consid-
erable time after extinction of the flame to be
supervised, is effectively excluded. It will be un-
derstood that, if such structures as furnace walls
or main burners were directly observed by the
supervising photocell, the appreciable time re-
guired for cooling would allow accumulation of
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explosive mixtures hefore the .control arrange-
ment responded, '

Referring now also to Fig. 1, the operation of
an installation of this type may include the fol-
lowing steps. With the pilot flame burning and
auxiliary radiator 20 emitting, actuation of the
controlling thermostat or of a manually operated
switch will open the main solenoid valve 15 and
the main flame will ignite. Upon actuation of the
controlling element in the reverse sense, the main
valve closes whereas the pilot flame continues to
burn. If the pilot flame should fail at any time,
regardless whether the main flame is on or off,
the phototube 10 responds to the instantaheous
cooling of auxiliary radiator 20 and the relay cir-
cuit closes the automatic pilot valve if the main
flame is off, or both valves if the latter is on dur-
ing extinction of the pilot flathe.

It will be evident that the mass of radiator 20
can be kept very small since the efficiency of its
effect upon the phototube is very high; this small
size permits full utilization of the above described
selective effect of the aperture 68.

On the other hand, there is sufficient leeway
in selecting the mass of the radiator so that rapid
fluctuations of the flame such as due to flutter
can be rendered harmless by a certain time lag
between such flame fluctuations and the corre-
sponding variation in radiation intensity of ele-
ment 20. If is indeed easily possible to select
the mass of the radiator with a view to eliminate
the effect of flame fluctuations within g sgiven
maximum range, whereas all longer fluctuations
will cause cooling of element 20 to such an extent
that the phototube circuit will respond.

It will be understood that a cylindrical tube
with an aperture baffle, as indicated at 44a of Fig.
5, offers to'g certain degree the above-mentioned
advantages, and might sometimes be used to ad-
vantage; however it will now be obvious that a
conical aperture tube is more favorable since it
absorbs the undesired radiation as far from the
aperture as possible, thus increasing the temper-
ature gradient between heat source and super-
visory apparatus. The constricted cross section
near the aperture, constituting a bottle neck re-
garding heat conduction, serves a similar pur-
pose.

It will.also be understood that instead of one
heat dissipating fin 80, several such elements, or
means having analogous effect may be used.
Under favorable conditions the aperture tube
alone is able to .dissipate the heat and the fih
can be omitted.

The emission range of a radlator of the type
herein referred to compares, as to photoelectric
effectivity, very favorably with that of most heat-
er flames which radiate mainly in the photoelec-
trically rather ineffective blue range although
they might appear yellow due to the compara-
tively high sensitivity of the visual apparatus to
that range. PFurther, the high absolute intensity
of the radiation from the auxiliary emitter pro-
vides more reliable operafion and permits the use
of less sensitive and hence cheaper and more
rugged photoelectric, amplification and relay
equipment. - The intensity of the auxiliary radi-
ator is also sufficiently high to penetrate con-
siderable blackening of transparent window clo-
sures such as shown at 6 of Fig. 1.

It will be further understood that use of ar-
rangements according to the invention.is not re-
stricted. to pressure fuel equipment but that it
can -be advantageously applied to any heating
system which presents analogous problems of su-



£ AL

 pervision and control.
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Also, the auxiliary radi-
ator 20 may be omitted, in which instanze the
radiating region, otherwise occupied by this body,
will assume the function of the latter if its emis~
sion is sufficiently high.

It should be understood that the preésent dis-

. closure is for the purpose of illustration only and

that this invention includes all modifications and
equivalents which fall within the scope of the ap-
pended claims,

I claim:

1. In apparatus for photoelectrically supervis-
ing a flame within confining walls having an ob-
servation window, a mounting plate having an
opening adapted to surround said window, a sec-
ond plate having a lens mounted therein hinged
to said mounting plate at a distance therefrom
thereby sezuring free passage of air between said
plates, a housing having a phototube mounted
therein, and a light confining conduit support-
ingly connecting and spacing said lens plate and
sald housing, sald hinged connection permitting

10

15

20

the uniplanar alignment of said phototube with -

said flame, and said spacing inhibiting the trans-
mission of heat to said phototube.

2. In apparatus for photoelectrically supervis-
ing a flame within confining walls having an ob-
servation window, & mounting plate having an
opening adapted to surround said window, g sec-
ond plate having a lens mounted therein hinged
to said mounting plate at a distance therefrom
thereby securing free passage of air between said
plates, a housing having a phototube mounted
therein, and a light confining conduit support-
ingly connecting and spacing said lens plate and
said housing, said hinged connection permitting
the pivoting of said housing on said mounting
plate for the purpose of aligning said lens and
sald phototube with said flame.

3. In apparatus for photoelectrically supervis-

servation window, a mounting plate having an

opening adapted to surround said window, & sec~ - -

ond plate having s lens mounted therein hinged

to said mounting plate at & distance therefrom 48" 2,360,166 o
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' ing a flame within confining walls having an ob- "

6

which secures free passage of air between said
plates, a housing having a phototube mounted
therein, and a light confining conduit support-
ingly connecting and spacing said lens plate and -
said housing, said hinged connection permitting
the pivoting of said housing on said mounting
plate for the purpose of aligning said lens and
sald phototube with said flame, and adjustable
lozking means connecting said mounting plate
with said lens plate for the purpose of maintain-
ing said alignment,.

4. In apparatus for photoelectrically supervis-
ing a flame within confining walls having an ob-
servation window, a mounting plate having an
opening adapted to surround said window, s sec-
ond plate having a lens mounted therein, said
second plate hinged to said mounting plate at a
distance therefrom which provides free air pas-"
sage between said plates, a housing having a
photoelectric tube mounted therein, g light con-
fining conduit supportingly connecting and spac-
ing said second plate from said housing, a heat
radiation fin annularly mounted in said conduit
member between said' second plate and said
housing, locking means connecting the said
plates together with the said hinge comprising

‘means for adjusting the vertical angle of the said

phototube and lens wlth the said ﬂame. _'
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