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1571 ABSTRACT 

A continuous HCI in-air indicator consists of a tubc- 
like element with an inlet end through which a contin- 
uous stream of air, containing HCI, enters. The air 
flows downstream from the inlet end and cxits thc elc- 
ment's outlet end. Positioned between the element's 
inlet and outlet ends are first and second spaced apart 
photoelectric units, which arc preferably positioned 
adjaccnt the inlet and outlet ends, respectively. Am- 
monia gas is injected into thc air, flowing through thc 
element, at a position between the two photoelectric 
units. The ammonia gas reacts with the HCI in the air 
to form ammonium chloride particles. The difference 
between the outputs of the two photoelectric units is 
an indication of the amount of HCI in the air stream. 

3 Claims, 2 Drawing Figures 
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INDICATOR PROVIDING CONTINUOUS 
INDICATION OF THE PRESENCE OF A SPECIFIC 

POLLUTANT PN AIR 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 
85-568 (72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 
1. Field of the Invention: 
The present invention generally relates to a device 

for indicating the presence of a specific pollutant, pres- 
ent among others in air and, more particularly, to a 
device for continuously indicating the presence of such 
a pollutant in a stream of air. 

2. Description of the Prior Art: 
One of the pollutants released into the atmosphere by 

rocket boosting of satellites into orbit is hydrogen chlo- 
ride (HCI) gas, which is hygroscopic. The gas seeks out 
water in the form of vapor in the booster effluent and in 
the atmosphere to form mist droplets of hydrochloric 
acid solution which is highly corrosive. As is appreci- 
ated, the hydrochloric acid solution is actually HC1 
dissolved in water. For various reasons, it is necessary 
to determine the concentration of the HCI in the atmo- 
sphere, Le., the air over an area extending several miles 
from the launch site at various altitudes. There are 
other situations in which i.t is desirable or necessary to 
determine the presence of other specific pollutants in 
air. Thus, a need exists for a simple, yet reliable, device 
for indicating the amount of a specific pollutant in the 
air. 

OBJECTS AND SUMMARY OF THE INVENTION 
It is a primary object of the present invention to 

provide a device which can receive a continuous 
stream of air containing various pollutants to provide 
an indication of the amount of a specific one of the 
pollutants in the air. 

Another object of the present invention is to provide 
a relatively simple device capable of providing a con- 
tinuous indication of the HCl content in the atmo- 
sphere, sampled by the device. 

A further object of the invention is to provide a sim- 
ple device capable of being flown through an atmo- 
sphere containing various pollutants to provide a con- 
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tinuous indication of the quantity of a specifc one of 
the pollutants in the atmosphere. 

The invention will be described in connection with an 
embodiment in which the specific pollutant to be de- 
tected is assumed to be HCI gas and/or droplets of 55 
hydrochloric acid solution. These and other objects of 
&e invention are achieved by providing a -  device 
through which a stream of contaminated air passes 
continuously at a known flow rate. The air is assumed 
to contain various pollutants including HCI gas and/or 
droplets of hydrochloric acid solution. The particle 
content of the air is measured photoelectrically at a 
first location, by passing the polluted air through a first 
photoelectric unit, Following the first location down- 
stream, a small jet of ammonia (NH,).gas is introduced 
into the air stream. The NH3 reacts with the HCI in the 
droplets of the hydrochloric acid solution or with the 
HCI gas and forms ammonium chloride particles which 
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2 '  
add to the particulate content of the air stream. The 
light transmission through air with ammonium chloride 
particles differs from that of air with droplets of hydro- 
chloric acid solution or HCI gas. The air stream is then 
measured again photoelectrically by a second photoe- 
lectric unit at a second station, downstream from the 
location where the NH3 is introduced and whereat the 
ammonium chloride particles are formed. The differ- 
ence between the two photoelectric outputs is an indi- 
cation of the conversion of the HCI into ammonium 
chloride and thus an indication of the amount of hydro- 
gen chloride originally present in the air stream at the 
particular sample-taking location. 

The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
best be understood from the following description 
when read in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross sectional view of one embodiment of 

FIG. 2 is a cross sectional view of another embodi- 
the invention; and 

ment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1, numeral 10 designates a tube-like element 
with an inlet end 12 through which air, represented by 
arrows 13, is assumed to enter as a continuous stream 
at a known rate. The air 13 is assumed to contain pol- 
lutant particles including HCl. The HCI may be in gase- 
ous form or in the form of droplets of hydrochloric acid 
solution, i.e., HCI dissolved in water. Downstream from 
the inlet end 12, a first photoelectric unit 15 is located. 
It consists of a light source, such as a bulb L1, and a 
light sensitive device such as a photocell PC1 which is 
located diametrically opposite the bulb L1. The output 
of the PC1, which is supplied to a recorder 18 as one 
input, is directly related to the light provided by bulb 
L1 and the light transmission through the polluted air 
which includes the HCl, and which passes between L1 
and PC1. 

The tube-like element 10 defines an outlet end 19 
through which the air with any contaminants therein 
exits and is exhausted to the surrounding atmosphere. 
The exhausted air is represented by arrows 21. Adja- 
cent the outlet end a second photoelectric unit 22 is 
located. It, like unit 15, includes a light source, such as 
a bulb L2, and a photocell PC2, located diametrically 
opposite thereto. The output of PC2 is provided to 
recorder 18 as a second input. 

For explanatory purposes, it is assumed that the light 
provided by each of the bulbs L1 and L2 is the same 
and that the sensitivities of the two photocells PC1 and 
PC2 are the same. It should thus be appreciated that if 
the particles in the air are not modified in the element 
10, the two photocells PC1 and PC2 would provide 
identical outputs, since the light transmission through 
the air with the original contaminants passing through 
unit 15 would be the same as that of the air passing 
through unit 22. 

In accordance with the present invention the device 
includes a source of ammonia ( NH3) gas 25 from which 
a jet of ammonia is injected into the air stream in ele- 
ment 10 through a small opening 26 of a conduit 27, 
which extends from the source 25. The NH3 jet is repre- 
sented by dashed lines 28. The NH3, introduced into 



3,945,801 
3 4 

the stream of air in element 10, reacts with the HCI in react with the HCI and convert it into ammonium chlo- 
the air, whether the HCI is in gas form or is dissolved in ride. 
water in the form of droplets of hydrochloric acid solu- In the embodiment of FIG. 1, a continuous indication 
tion. The reaction of the NH3 with the HCI produces of the HCI in the continuous stream of air is provided. 
ammonium chloride particles, which add to the partic- 5 However, in the FIG. 2 embodiment the indication is of 
date  content of the air stream, and flow with the air the HCI in alternate air samples, spaced apart by air 
through unit 22, Le., between the bulb L2 and PC2 and samples whose HCI content is used as a reference. By 
are then exhausted with the air steam through outlet increasing the rate of valve switching the indication is 
19. Thus, the HCl pollutant in the entering air stream for all practical purposes of the HCI in a continuous air 
13 is converted into a different pollutant, Le., ammo- 10 stream. 
nium chloride as the air passes through element 10. 

Ignoring the effect on light transmission of other 
pollutants in the air which are not of interest and are 
not affected by NH,, the light transmission characteris- 
tic of air with HCI gas or droplets of hydrochloric acid 
droplets differs from that of the air with ammonium 
chloride particles. Consequently, even with bulbs L l  
and L2 being identical and PC1 and PC2 having the 
same sensitivity, since air with HCI passes through the 
first unit 15 and air with ammonium chloride particles 
passes through the second unit 22, the two photcells 
will produce different rather than identical outputs. 
The difference between their outputs, which are sup- 
plied to recorder 18, is an indication of the conversion 
of the HCI into ammonium chloride and thus is an 
indication of the amount of HCI originally present in 
the air stream entering the element 10 at the particular 
sample-taking location. 

Since the air flow of air in element 10 and the injec- 
tion of the ammonia may be continuous the device may 
be used to provide a continuous indication of the HCI 
in the continuously sampled air. From the foregoing, it 
should thus be apparent that in accordance with the 
present invention, the particular pollutant of interest in 
the air stream is detected by converting it into a differ- 
ent type of pollutant which has different light transmis- 
sion properties. The conversion is done as the air flows 
continuously through the device. The amount of the 
pollutant of interest is indicated by the difference be- 
tween the outputs of the two photocells as compared 
with their outputs under initial or calibration condi- 
tions, i.e., when the same matter passes through both 
units. 

In the embodiment shown in FIG. 1, the device is 
shown with two photoelectric units 15 and 22. If de- 45 
sired, the device may include only unit 22 and means 
provided to operate the NH, jet stream in a pulsed 
mode. Such an arrangement is.shown in FIG. 2. 
Therein, a valve 31 is shown in conduit 27. The valve is 
assumed to be driven between open and closed posi- 50 
tions by a driver 32. In the open position, NH3 flows 
from source 25 through the valve and therefore a jet of 
NH3 is injected into the air stream. In the closed posi- 
tion NH3 is prevented from reaching the air stream. 
The driver may be connected to the recorder to indi- 55 
cate the valve position. 

When NH3 is not injected, air with the unmodified 
HCI passes through unit 22 and the output of PC2 is of 
one level. Then, when the valve is opened and NH3 is 
injected into the stream the ammonium chloride parti- 60 
cles are formed and the PC2 output changes to another 
level. Thus, the difference between the two levels of the 
PC output is indicative of the amount of HCI in the air 
entering element 10. In this embodiment it is assumed 
that the amount of HCI does not vary between the 65 
sample or quantity of air in which the HCI is not con- 
verted into ammonium chloride particles, and the suc- 
ceeding sample of air into which the NH3 is injected to 

Although the invention was conceived in connection 
with developing a continuous HCI in-air indicator and 
was described in connection with indicating the 
amount of HCI in sampled air, it is not intended to be 

15 limited thereto. Indeed the device with the one or two 
photoelectric units may be used to indicate the amount 
of any air pollutant which has a given light transmission 
property and which can react with a known compound 
or compounds to form particles with different light 

20 transmission properties. For example, the presence in 
air of various pollutants containing sulphur, such as 
H2S can be detected by injecting into the air stream any 
one of several different lead salts, rather than NH,. In 
such an application, the lead would combine with the 

25 sulphur to form lead sulfide (PbS) particles which are 
black, thereby affecting the light transmission proper- 
ties. The lead salts such as lead nitrate or lead acetate 
would only affect the sulphur-containing pollutants, 
whose presence in the air would be indicated by the 

30 difference in the outputs of the two photcells or by the 
different successive outputs of the same cell (FIG. 2 
embodiment). 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 

35 nized that modifications and variations may readily 
occur to those skilled in the art and consequently, it is 
intended that the claims be interpreted to cover such 
modifications and equivalents. 

What is claimed is: 
1. A device for indicating the amount of a specific 

pollutant present among various pollutants in a stream 
of air comDrisine: 

40 

a single ilongged hollow tube-like element having a 
first open end and a second open end, diametrically 
opposite said first open end, said first open end 
defining an inlet end through which a continuous 
stream of air containing various pollutants, includ- 
ing a specific pollutant, is adapted to enter and flow 
continuously downstream along the entire length of 
said element and exit through said second end 
defining an outlet end of said element; 

a first photoelectric unit positioned upstream from 
said outlet end and including a first light source and 
first light sensitive means, positioned directly in the 
path of light from said source, for receiving the 
light directly directed thereto from said first light 
source, said first light sensitive means being spaced 
apart from said first light source in a direction 
perpendicular to the element’s length direction 
along which the air flows from said inlet end to said 
outlet end, so that a t  least a portion of the air flow- 
ing through said element passes between said first 
light source and said first light sensitive means, the 
latter providing an output which is a function of the 
light directed thereto from said first light source 
and the light transmission characteristics of the air 
with the various pollutants including said specific 
pollutant contained therein; and 
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source means for injecting selected matter into the ends defining the length of said element, said first 
air flowing through said element at a location up- open end defining an inlet end through which a 
stream from said first photoelectric unit, whereby continuous stream of a carrier gas containing said 
the selected matter reacts inside said element with first compound is adapted to flow continuously 
the specific pollutant in said air to form compound downstream along the entire length of said element 
particles carried by said air past said first photoe- and exit through said second open end, which de- 
lectric unit, the air with said compound particles fines an outlet end of said element; 
having light transmission characteristics which dif- a single photoelectric unit positioned upstream from 
fer from those of the air with the specific pollutant said outlet end and including a single light source 
therein. l o  and a single light sensitive means, spaced apart 

from said single light source in a direction which is 2. The device as described in claim 1 further includ- 
ing a second photoelectric unit positioned upstream substantially perpendicular to the element’s length 

direction, along which the carrier gas flows from from the location whereat the selected matter is in- 
said inlet end to said outlet end, so that at least a jected into the air in said element, said second unit 
portion of said carrier gas passes between said including a second light source and a second light sensi- 15 

tive means spaced apart from said second light source single light source and said single light sensitive directly in the path of the light from said second light means, the latter being positioned directly in the source and in a direction perpendicular to the ele- path of light from said light source, for providing an ment’s length direction along which the air flows from output which is a function of light which is directly said inlet end to said outlet end, so that the air contain- 20 directed thereto from said single light source and ing various pollutants including said specific pollutant the light transmission characteristics of the carrier and entering said element, passes between said second 
gas and any compounds carried therein; light source and said second light sensitive means, the 

latter providing an output which is a function of the source means including an outlet nozzle in communi- 
illumination of the second light sensitive cation with said element for injecting discrete 
light transmitted by said second light source directly to quantities of a selected second compound into said 
said second light sensitive means through the air con- element, through which said carrier gas with said 
taining said pollutants including said specific pollutant selected compound flow, during discrete intervals, 
and flowing therebetween, said source means continu- spaced apart by periods during which said selected 
OUS~Y injecting said selected matter into said air which 30 second compound iS not injected into said element, 
passed said second unit to convert substantially all the said first and second compounds reacting in said 
specific pollutant in said air into said compound parti- element to form therein particles of a selected third 
cles, which pass together with the air past said first unit, compound, which are carried by said carrier gas 
and means for receiving the outputs of said first and past said single photoelectric unit, the light trans- 
second light sensitive means. mission characteristics of said carrier gas with par- 

3. A device for measuring the amount of a selected ticles of said third compound being different from 
first compound present in a continuous stream of a the light transmission characteristics of said carrier 
carrier gas essentially consisting of: gas with said first compound; and 

a single elongated hollow tube-like element having a output means coupled to said single light sensitive 
means for sensing the output thereof. 
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