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[5 7] ABSTRACT 
Apparatus is an air-cooled‘and air-cleaned photoelec 
tric smoke or particulate matter detector that can be 
installed into a gas ?ue or other gas passageway using 
only one entry into the ?ue through a single aperture. 

4 Claims, 1 Drawing Figure ' 
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DETECTOR FOR PARTICULATE MATTER IN 
FLOWING GAS STREAMS ' 

The present invention relates generally to detector 
devices and more particularly to a detector device es 
pecially‘ suitable for detecting'smoke or particulate 
matter in a gas stream ?owing through a gas passage— 
way. - 

The present invention contemplates the detection of 
particulate matter that is borne in gas streams, for ex 
ample, smoke in flue gases, vapor in discharge from 
spray booths or cooling towers, dust in discharges from 
air cleaning equipment, etc. 
A well-known method for accomplishing such detec- ' 

tion has been through the use of a source of light and 
a photocell. In the practice of this method, the light 
source is locatedon one side of a gas stream and the 
photocell is located diametrally opposite the light' on 
the other side of the gas stream. More or less light is ob 
scured as more or less particulate matter passes in the 
gas stream through the beam between the light source 
and the photocell. ‘ 

Prior to my invention, serious disadvantages were en— 
countered ‘in using the above-described photoelectric 
method in that apertures had to be made in each of two 
opposite walls of the passageway through which the gas 
stream ?owed. In many instances, it is impractical or 
impossible to make the two apertures; the walls of the 
passageway may be excessively thick masonry as, for 
example, the smoke stack of a coke oven battery; or 
only‘ one side of the passageway may be accessible as 
in an underground-flue where the entry may be made 
practically only from the top surface. The installation 
of‘much combustion equipment is made with under» 
ground‘ ?ues and is supplied usually with occasional 
manholes for inspection and cleaning purposes. These 
manholes provide convenient access to the ?ue. 
My invention comprises a photoelectric smoke or 

particulate matter detector that accomplishes its pur 
pose using only one entry into a gas passageway 
through a single aperture. This makes it applicable to 
many installations where, prior to my invention, it was 
impossible to utilize a photoelectric smoke or particu 
late matter detection system. 

lt is, accordingly, the primary object of my invention 
to provide an improved photoelectric smoke or partic 
ulate matter detecting apparatus which can be installed 
and operated through a single aperture in a gas pas 
sageway. 
his a more speci?c object of my invention to provide 

an improved photoelectric system as set forth in the 
above statement of object which includes a unitary 
housing containing a pair of photoelectric cells; a light 
source for the photoelectric cells; means sealing the 
beam from the light source to one of the photoelectric 
cells and ‘exposing the beam from the light source to the 
other photoelectric cell through the gas stream travel 
ing through. a passageway in which the housing is in 
stalled; and means connected with the photoelectric 
cells for indicating differences in intensities of the light 
traveling from the light source to the two photoelectric 
cells so that the density of or the amount of particulate 
matter in the gas stream traveling through the passage 
way can be determined‘. 

It is another object of my invention to provide an im 
proved photoelectric detecting apparatus as set forth 
by the object immediately above which includes means 
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2 
for circulating ambient air through the housing for 
cooling and cleaning purposes. 
The above and other objects will become more ap 

parent after referring to the following speci?cation and 
drawing in which the single FIGURE is a longitudinal 
sectional view showing the apparatus of the invention 
installed in a gas passageway. ‘ . 

Referring now more particularly to the drawing, ref 
erence numeral 2 designates generally the wall ofa ?ue 
3 having an aperture or opening 4 therethrough. The 

Y apparatus of the invention, designated generally by ref 
erence numeral 6, is shown inserted into the ‘flue 
through the aperture 4. The aperture is sealed by a 
cover plate 8 which surrounds the apparatus of the in 
vention and is shaped to receive the apparatus. The ap 
paratus 6 includes an elongated housing 10 having a 
?rst compartment 12 formed on the end thereof 
adapted to be inserted into the ?ue and a second com- - 
partment 14 formed on the end thereof which projects 
outwardly of the ?ue when the apparatus 6 is inserted 
therein. ' r 

The housing 10 is provided with a substantially L 
shape duct 16 connecting the compartments 12 and 14. 
Duct 16 is provided with an open-end short leg portion 
18 which extends ouwardly of the compartment 12 sub 
stantially parallel with the long leg portion 20 of the 
duct 16. A second substantially L-shape duct 22 sur 
rounds duct 16. Duct 16 is sealed from duct 22 and is 
located therewithin in a concentric manner. 
A third duct 24 having an open end 26 extends from 

the compartment 14 through the cover plate 8 and the 
?ue wall 2. The open end 26 of‘ the duct 24 is spaced 
from and in alignment with the open end of the end 
portion 18 of duct 16. ' ‘ .v 

Light from alight source in the form of a lamp 28 dis 
posed in the compartment 12‘ is collimated by two 
lenses 30a and 30b which are disposed one on opposite 

- sides of the lamp 28 in the compartment 12. The lenses 
collimate the light from the lamp 28 so that one beam 
of light proceeds through lens 30a to a plane mirror 32 
and thence upward through the short end portion 18 of 
duct 16. The beam oflight which is directed by the lens 
30a to the mirror 32 eventually falls upon a photoresis~ 
tive light detector or electrophotocell 34 mounted ‘in 
the compartment 14 located outside of the ?ue wall 2. 
Another beam of light passes through lens 30b, strikes 
plane mirror 36 and is directed upwardly through the‘ 
long leg portion 20 of duct 16 until it strikes another 
electroresistive light detector or photoelectric cell 38 
which is also mounted in the compartment 14 outside 
of the ?ue wall 2. 
The compartment 12 is disposed in the end of the 

duct 16 between the long leg portion 20 and the‘ short 
leg portion 18.“ 
Duct 22 is provided with apertures 40 at the end out 

side the ?ue walls 2 to permit free flow of ambient air 
into the duct 22, down around duct‘ 16 and the com 
partment l2, and, eventually out into the gas stream 
?owing through the gas‘ ?ue 3 via an opening‘ 42 adja 
cent the end of the duct 22 which surroundsthe com 
partment l2. 
Compartment 14 is open at its outer end, but the 

opening is fitted with a ?ber glass‘?lter 44 similar in‘ 
construction to furnace ?lter, stock number 8314 sup 
plied by Sears, Roebuck and Company. The compart- ‘ 
ment 14 and its ?lter 44 are covered by a loosely ?tting 
cover 46 in such a manner that air may ?ow freely be 
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tween the cover and the compartment 14, passing 
through the'?lter 44 on the way. The compartment 14 
and ducts l6 and 22 are contiguous and, as indicated 

_ by arrows, there is free passage of ambient air from the 
compartment '14 through ducts l6 and 24 into the ?ue 
3 whose smoke or particulate matter content is being 
measured. Cooling ambient air ?ows into the openings 
40 of duct 22, through the duct and then outwardly into 
the gas stream in the flue through opening 42. 
The lamp 2,8 may be a?Gencral Ele¢tri¢...N.0- 1,156 

bulb,- and‘ lenses 30a and 3012 are simple double convex 
or asymmetric collimating lenses of diameter and focal 
length suited to the dimensions of a particular size de 
tector. Mirrors 32 and 36 are simple, plane glass, sil 
vered mirrors mounted on a support 48 that holds them 
at the requisite angle to direct the collimated light from 
lamp 28 upwardly through the long leg portion 20 of 
duct 16 on the one side and the short leg portion 18 of 
duct 16 and duct 24 on the other side. 
Photoelectric cells 34 and 38 are photoresistive cells, 

which, for example, may be RCA Model No. 7163, and - 
are mounted on a circuit board 50. The circuit board 
also contains a potentiometer 52 and terminals 54 for 
connection to a recorder readout device as will be de~ 
scribed hereinafter. A source of power for the circuit 
board may be a l2-volt battery 64 or other suitable dc 
or ac power supply. The lamp 28 is connected to a 
source of ac voltage 58, one side of which is grounded 
to the housing 10 as at 60. The other side of the ac vvolt 
age source 58 leads to a contact at the base of the bulb 
28. 
The electrical system of the detector of the invention 

is basically a simple Wheatstone bridge using photoe 
lectric cells 34 and 38 as two arms of the bridge and po 
tentiometer 52 as the other two arms of the bridge dis 
posed on either side of its sliding contact 61. These 
components are mounted on or attached to the circuit 
board 50. . 

Photoelectric cells 34 and 38 are set into the top of 
open-ended collimating tubes 34a and 38a, 
respectively. The collimating tubes 34a and 38a keep 
stray illumination from affecting the photoelectric cells 
and restrict their view entirely to the collimated beams 
coming up from the mirrors 32 and 36. Collimating 
tubes 34a and 38a may be attached to the circuit board 
50 by mounting straps 62 and held at a spacing which 
corresponds to the center line spacing of the long leg 
portion 20 of duct 16 on one side and the center line 
of the aligned short leg portion 18 of duct 16 and duct 
24 on the other side. 
A recorder readout device 66 which may be, for ex 

ample, a potentiometer recorder, Speedomax H, Model 
R manufactured by Leeds & Northrup Company, is 
connected with terminals 54. The entire device is pow 
ered by either the battery 64 or other power supply 
which, for example, could be Model No. LCS-3-O2 
manufactured by the Lambda Corporation. The re 
corder readout device 66 is attached to the terminals 
54, and power supply 64 is connected to the Wheat 
stone bridge as shown. 

In operation, the housing 10 is installed by inserting 
it through the aperture 4 in such a manner that the long 
leg portion 20 of duct 16 is protected from the smoke 
or particulate matter in the ?ue. However, the short leg 
end portion 18 of duct 16 is open at its end which end 
is aligned with but spaced from the open end 26 of duct 
24 so that particulate matter and smoke will pass be 
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tween these two open ends and interrupt the light beam 
that passes through the end portion 18 of the duct 16 
and the duct 24. The lamp 28 directs equivalent beams 
of light at the two‘ mirrors 32 and 36 and which beams 
of light impinge upon the photoelectric cells 34 and 38, 
respectively. If there is no smoke between the open 
ends of the ducts l6 and 24, the paths of light between 
the mirrors 32 and 36 and the photoelectric cells 34 
and 38, respectively, are equally clear. In this case each 
photoelectric cell receives the same amount of light 
and the potentiometer 52 is adjusted so that the bridge 
is in balance and there is no output on terminals 54. If 
smoke or particulate matter enters the vspace between 
the end 18 of duct 16 and the end 26 of duct 24, photo 
electric cell 34 will increase in resistance and unbal 
ance the bridge to a degree proportional to its increase 
in resistance. The unbalance will be sensed as a voltage 
at terminals 54 and will be displayed on the recorder 
66. Resistance values of photoelectric cells 34 and 38 
and potentiometer 52 are chosen to make the recorder 
66 go from zero to full scale at an arbitrary range of 
smoke densities in the space between the duct ends 18 
and 26. ' 

It will be noted that an important advantage of my in 
vention is that a differential clouding of mirrors 32 and 
36 as dirt is deposited on them may be compensated for 
by adjustment of potentiometer 52 when it is known 
that clean gas is in the space between the duct ends 18 
and 26. i ' 

Another important feature of my invention is the ar 
rangement whereby the lamp compartment 12, the 
lenses 30 and the mirrors 32 and 36 are kept cool and 
clean. The temperature within the ?ue may approach 
900° to lOOO°F and the pressure in the ?ue will gener 
ally be in the order of one inch water column below the 
ambient atmospheric pressure outside the duct. The ar- , 
rangement of my invention is designed so that compart 
ment 12 is cooled by ambient air drawn in through ap 
ertures 40 in duct 22 down the annular space between 
duct 16 and duct 22 around the right angle that sur 
rounds the compartment 12 and out the opening 42 
which is adjacent the inner end of the duct 22 within 
the ?ue. Thus ambient air is constantly washed down 
and around duct 16, compartment 12 and duct 24. Ar 
rows indicate the ?ow of ambient cooling air through 
duct 16. An additional flow of ambient air is realized 
through ducts 16 and 24. Since the short leg end of 
duct 16 terminates with an open end 18 to the interior 
of the main ?ue and the duct 24 also terminates with 
an opening to the interior of the main flue, through 
which gas is ?owing at a lower than atmospheric pres 
sure, air is drawn out of the open ends 18 and 26 and 
must necessarily come down ducts l6 and 24. The air 
coming down through duct 16 passes through the lamp 
housing to get to the open end of short portion 18. This 
air is drawn in under the loose cover 46 and into the 
compartment 14 through the ?lter 44, then it sweeps 
down through the long leg 20 of duct 16 across mirrors 
32 and 36, and lamp 28, and discharges into the ?ue 
from the open end of the short leg portion 18 of duct 
-16. This ?ow of air helps to keep photoelectric cell 38, 
the mirrors 32 and 36 and lenses 30 a and 30b clean 
and cool. An additional ?ow of air sweeps down 
through the duct 24 and helps to keep the photoelectric 
cell 34 clean and cool. The ambient air which passes 
down through the ducts l6 and 24 is ?ltered by the fil 
ter 44 to keep it clean as possible. 
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The relatively long straight arrows in the compart 
ment-l2 and long leg 20 of duct 16 and in duct 24 indi 
cate the direction of light travel in the device of the in 
vention. _ 

It will be recognized that I have described but one 
embodiment of my invention. 1 have, for example, cited 
a simple Wheatstone bridge that is read out by a poten 
tiometer recorder. The recorder readout device might 
well be a galvanometer type instrument, such as a sim 
ple panel meter, either directly connected to terminals 
54 or connected through an operational ampli?er that 
may be used to adjust the impedances in the bridge sys 
tem. It will be apparent that the power supply 64-can 
be any source ofddc or ac voltage. I have chosen do in 
this embodiment to simplify the readout of the bridge. ‘ 
It will also be noted that voltage source 64 and recorder 
66 may be located at any distance from the instrument 
compartment 14 or may be embodied within the com 
partment 14 itself. The embodiment l have shown has 
them separated from the compartment 14. It should 
also be noted that the voltage source 58 that supplies 
the lamp 28 may be of any.voltage convenient to supply 
light of-suf?cient intensity to activate photoelectric 
cells 34 and 38 through the required range of their 
readings. , r 

If desired, the‘duct 22 may be omitted where cooling 
means are not required or desired, as for example, 
when, the- apparatus of the invention is to be used to 
measure particulate matter in low temperature gas. 

It should now be apparent that the apparatus of the 
invention consists of a device that can be inserted into 
one opening of a smoke-?lled flue and function effec 
tively to detect‘ particulate matter in the gas within the 
?ue. It should also be apparent that the apparatus of 
the invention provides a smoke detector or particulate 
matter detector that‘ is integrally cooled and makes use 
of the pressure differential between the gas ?owing 
through the ?ue and the ambient air- outside the ?ue to 
provide a motive force for circulating cooling and 
cleaning air. The arrangement of the invention also 
provides a system of ?lters and ducts that keep clean 
filtered air passing through the lamp and mirror com 
partment to cool and clean the same. 

If the pressure in the smoke-?lled ?ue is higher than 
the ambient atmospheric pressure outside the appara-. 
ms of the invention, a blower (not shown) may be used 
to supply motive force to circulate ambient air through 
ducts 16, 22 and 24. 
While 1 have shown but one embodiment of my in 

vention, other adaptations and modi?cations may be 
made without departing from the scope of the following 
claims. 
-[ claim: ’ 

1. Apparatus for detecting particulate matter in a gas 
stream flowing through a gas passageway having a lat 
eral opening intermediate its ends which comprises an 
elongated housing adapted to be disposed transversely 
in said passageway through said opening with one end 
thereof projecting from said passageway outwardly of 
said opening, means surrounding said'housing sealing 
said opening, a ?rst compartment in ‘the end of said 
housing adapted to be inserted into said passageway, a 
second compartment at the opposite end of said hous 
ing normally disposed outside of said passageway when 
said housing is inserted therein, a ?rst duct in said hous~ 
ing connected with said compartments, said ?rst duct 
being substantially L~shape and having an open-end 
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short leg portion extending from said ?rst compartment - 
substantially parallel with the long leg portion of said 
L-shape ?rst duct,»a_substantially L-shape sleeve con 
centrically surrounding ‘said ?rst L-svhape duct substan 
tially along its length, a second duct extending from 
said second compartment toward said open end of said 
?rst duct in spaced alignment therewith, a light source 
in said ?rst compartment, a ?rst photoelectric cell in 
said second compartment aligned with said first duct, 
a second photoelectric cell in said second compartment 
aligned with said second duct and with the open end of 
said ?rst duct, means in said ?rst compartment direct~ 
ing light from said light source to said ?rst and second 
photoelectric cells, and means connected with said 
photoelectric cells adapted to indicate differences in 
the intensity of light reaching said ?rst and second pho 
toelectric cells from said light source thereby indicating 
whether particulate matter‘is present in the gas stream 
in the passageway between the open ends of said first 
‘and second ducts. ' 

2. Apparatus for detecting particulate matter in a gas 
stream ?owing through a gas passageway at a pressure 
lower than atmospheric pressure having a lateral'open 
ing intermediate its endsrwhich comprises an elongated 
housing adapted to be disposed transversely in said pas; 
sageway through said opening with one end thereof 
projecting from said passageway outwardly of said 
opening, means surrounding said .housing sealing said 
opening, a ?rst compartmentin the end of said housing 
adapted to be inserted into said passageway, a second ' 
compartment at the opposite end of said housing nor‘! 
mally disposed outside of said passageway when said 
housing is inserted therein, a ?rst duct in said housing 
connected with said compartment, said ?rst duct being 
substantially L-shape and having an open-end short leg 
portion extending from said ?rst compartment substan 
tially parallel with the long leg portion of said L-shape 
?rst duct, a substantially L-shape sleeve concentrically 
surrounding said ?rst L-shape duct substantially along 
its length, a second duct substantially surrounding and 
concentric with said ?rst duct, a third duct having an 
‘open end extending from said second compartment 
into said passageway toward said open end of said first 
duct in spaced alignment therewith, said second com 
partment and said second duct having openings for cir 
culation of ambient air through said ducts from the at 
mosphere outside said passageway into said passage 
way, a light source in said ?rst compartment, a first . 
photoelectric cell in said second compartment aligned 
with said ?rst duct, a second photoelectric cell in said 
second compartment aligned with said third duct and 
with the open end of said ?rst duct, means in said first 
compartment directing light from said light source to 
said ?rst and second photoelectric cells, and means 
connected with said photoelectric cells adapted to indi 
cate differences in the intensity of light reaching said 
first and second photoelectric cells from said light 
source thereby indicating whether particulate matter is 
present in the gas stream in the passageway between 
said third duct and said open-end short leg portion of 
said ?rst duct. 

3. Apparatus as de?ned by claim 2 in which the pres 
sure of said gas'stream is above atmospheric pressure, 
and a air-circulation-inducing means is disposed in said 
housing. 

4. Apparatus as de?ned by claim 2 in which an air ?l 
ter is disposed in the path of ambient air ?owing 
through said air openings in said second compartment 
to said ?rst and third ducts. 
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