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57) ABSTRACT 
A system for measuring the dust content of gases tra 
versing a stack or other duct, e.g., a chimney stack, 
before release of the gases into the atmosphere, com 
prises a conduit arrangement with pumps establishing 
a circulation of air from and to the atmosphere which 
is unbalanced between the intake and discharge 
branches to permit induction of the sampled stream of 
gas from the stack between these branches and up 
stream of a dust detector. A device for generating an 
output representing a pressure differential receives 
one input representing the static pressure of the stack 
and another input representing the total flow pressure 
(static pressure + dynamic pressure) therein controls 
a throttle which, in turn, is followed by an adjustable 
flow-control means for producing the imbalance in ac 
cordance with the dynamic pressure of the gases in the 
stack. 

3 Claims, 1 Drawing Figure 
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FOR DETERMINING THE DUST SYSTEM 
CONTENT OF GASES 

FIELD OF THE INVENTION 

The present invention relates to a system for the 
measurement of dust emissions from ducts through 
which particle-containing gases are displaced, espe 
cially smoke stacks, industrial stacks and other ar 
rangements discharging a dust-laden gas into the atmo 
sphere. 

BACKGROUND OF THE INVENTION 
Numerous systems have been proposed heretofore 

for the determination of the particulate content of gas 
streams conveyed along a duct and, possibly, dis 
charged into the atmosphere. These systems include 
direct-reading arrangements in which a sensor is pro 
vided directly in the stack and monitors the particular 
compound by combustion or change of any other mea 
surable parameter therein. An analogous system is one 
which provides a filter across the stack at certain inter 
vals to collect substantially all of the particulates 
whereupon the film is evaluated, e.g., by weighing or by 
some more detailed analysis. 
More recently, it has been desired to provide contin 

uous or intermittent monitoring systems in which a por 
tion of the dust-laden gas is diverted for analysis and 
accurately represents the remainder of the gas travers 
ing the stack. For this purpose a sampling tube may be 
provided with a regulator such that the quantity of gas 
diverted from the stack for analysis (i.e., for determina 
tion of the quantity of particulates in the gas of the sam 
ple stream) is controllable. 
The result obtained with this system is a percentage 

by weight of the total dust content per unit volume of 
exhaust gas and, for relatively constant flow velocities 
over the measurement period, these results are ade 
quate. Difficulties have been encountered when the ve 
locity of gas in the duct varies frequently and sharply 
within wide ranges. In this case the results obtained are 
only approximate and the system is disadvantageous 
from the point of view of environmental pollution. To 
compensate for the fluctuation by conventional means 
is expensive and difficult, even where it is possible. 

OBJECTS OF THE INVENTION 
It is the principal object of the present invention to 

provide an improved system for the monitoring, meas 
urement or detection and sampling of the dust in dust 
laden gas streams traversing a stack or other duct. 

It is another object of the invention to provide a sys 
tem or device of the character described which is less 
likely to produce inaccurate results due to fluctuations 
in the volume rate of flow through the duct to be moni 
tored than earlier systems. 

SUMMARY OF THE INVENTION 
These objects are attained, in accordance, with the 

present invention, by the use of a two-branch conduit 
system provided with throttles in the branches so as to 
establish a flow volume differential between them and 
thereby induce the sampled portion of the gas to flow 
into the conduit path, ahead of a particle detector, as 
a function of the pressure relationships within the stack 
or duct. 
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2 
More particularly, the system of the present inven 

tion comprises an intake branch having a pump and at 
least one throttle ahead of this pump (a first throttle), 
a second branch having a pump and a throttle down 
stream thereof (a second throttle) for throttling the dis 
charge of the conduit system to the atmosphere by the 
latter pump, and a particle detector in the conduit net 
work between these pumps, a sampling tube being con 
nected between the stack or duct to be monitored and 
the conduit means ahead of the particle detector. 
According to the invention, a pressure detector (ca 

pable of generating an output representing pressure dif 
ferential) has one side provided with an input for the 
stack which represents the static pressure therein at the 
level at which the sampling tube opens into the stack. 
The other side of the pressure detector receives an 
input which represents the total flow pressure (static 
pressure plus dynamic pressure) of the stack so that the 
pressure detector develops a pressure differential 
which represents the dynamic pressure in the stack, this 
pressure being used to control one of these throttles. 
Controllers responsive to the flow rates through the 

two branches are provided and they, consequently, 
react to the adjustment of the first throttle or the sec 
ond throttle by the pressure-detecting device to oper 
ate an adjustable throttle or other flow-control means 
in one of the branches in a sense such that the flow rate 
differential between the branches is minimized or 
brought to zero as the dynamic pressure in the stack is 
reduced or brought to zero and vice versa. 
While the adjustable first or second throttle may be 

provided in each branch, I prefer to provide it in the in 
take branch between its pump and a filter through 
which the intake branch receives fresh air from the at 
mosphere. Similarly, while the adjustable throttle may 
be provided in either branch as will be apparent herein 
after, I prefer to provide it in the intake branch be 
tween the variable-cross-section first throttle and the 
pump of the intake branch. 

DESCRIPTION OF THE DRAWING 
The above and other objects, features and advan 

tages will become more readily apparent from the fol 
lowing description, reference being made to the sole 
FIGURE of the accompanying drawing which is a dia 
gram illustrating the system of the present invention. 

SPECIFIC DESCRIPTION 
In the drawing, I show a system for determining the 

particulate contents of a gas stream traversing a duct 
and, more specifically, the dust emission from such 
ducts as chimneys, smokestacks and industrial gas dis 
charge facilities. 
The system, for the smokestack 1, comprises an in 

take suction tube (intake branch) 2 provided with a fil 
ter 3 and an adjustable throttle (first throttle) 4. The 
setting positioning throttle or flow-control means 5 is 
provided downstream of the throttle 4 in the form of a 
flap of the butterfly type while a suction pump 6 is con 
nected downstream of the butterfly throttle 5 to induce 
gas through the filter. 
At the outputside of the pump 6, a duct 7 is provided 

in communication with a duct 8 to the input 9 of a dust 
measuring device or dust detector 9, 10, 11 which, for 
the sake of simplicity, has been shown as a filter band 
10. The dust in the gases traversing this filter band is 
collected on the latter and is measured, e.g., by weigh 
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ing or some other means such as the blocking of a light 
beam, and converted into a weight or volume or parti 
cle-number measure per unit of time. A device of this 
type has been shown at 1 and described in German Pat. 
No. 2,032,172 (see also the English language reprint 
RECORDING COUNTER FOR THE CONTINUOUS 
DETERMINATION OF THE CONCENTRATION OF 
PULVERULENT AIR POLLUTANTS, STAUB REIN 
HALTUNG DER LUFT, Vol. 27 (1967) No. 10, p.p. 
21-24). 
At the outlet 11 of the dust-measuring device, there 

is provided a duct (outlet branch) 12 having a throttle 
(second throttle) 13 of fixed cross-section which is 
spanned by tubes 16 and 17 connected to opposite 
chambers of a pneumatic bellows 15. The pneumatic 
beliows is coupled with a pneumatic bellows 14 whose 
inlets 18 and 19 are bridged to opposite sides of the 
throttle 4. The pneumatic bellows 15 may comprise a 
membrane 15a in a housing 15b subdivided into a com 
partment 15c receiving the higher pressure from line 16 
and a compartment 15d receiving the lower pressure 
from the downstream side of the throttle 13 via tube 
14. 
The membrane is connected at 15e with a rod 20 piv 

otally connected at 20a with the butterfly valve 5. 
The bellows 14 is provided with a membrane 14a 

connected at 14e to the rod 20 and received withing a 
housing 14b subdivided into the low-pressure compart 
ment 14c and the high-pressure compartment 14d by 
the membrane. Compartment 14c is connected by tube 
18 to the line 2 downstream of the throttle 4 while com 
partment 14d is connected by line 19 to this conduit 
upstream of the throttle 4. 
The pressure differential at the throttles 4 and 13 

thus serves to operate the bellows 14, 15, together 
forming a unit whose output is the rod 20 connected to 
the positioning throttle 5 as previously described. 
A sampling tube 2 (running at least initially parallel 

to the stack axes) is connected to the duct system pre 
viously described between the output of pump 6 and 
the input 9 of the dust-measuring device 9, 10, 1, and 
extends into the chimney or stack 1 to terminate in a 
plane 23 perpendicular to the axis of the stack and at 
which the mouth of tube 21 opens in a direction oppo 
site that of gas flow through the stack. 
A pump 22 is provided between the outputside 11 of 

the dust-measuring device and the throttle 13 and 
drives air through the latter toward an outlet 12a com 
municating with the atmosphere. The pumps 6 and 22 
are driven by a common motor 23. 
At the level of the horizontal measuring plane of 

stack 1, there are provided further intake openings 24 
and 25. The intake opening 24 serves to sense the static 
pressure in the stack 1 while opening 25 responds to 
the total pressure (dynamic or flow pressure plus static 
pressure) in the stack. Opening 24 of the stack 
pressure sensing means is connected by a duct 26 with 
one compartment 27a of a pressure-sensing capsule 27 
having a membrane 27b subdividing the capsule 27 into 
the compartment 27a and a further compartment 27c. 
The latter communicates via line 28 with the opening 
25 of the differential-pressure sensing means. 
As described for the bellows 14 and 15, the capsule 

27 contains the membrane which provides an output in 
the form of a linear displacement which is proportional 
to the pressure differential across the membrane. The 
membrane 27b is connected to a tension spring 29. The 
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4. 
membranes of the pressure-detecting capsules 27, and 
the bellows 14 and 15 and the throttle S have a median 
position which has been shown in the drawing. A rod 
30 connects the membrane 27b of the pressure 
detecting devise 27 with the throttle 4 in such manner 
as to control the effective cross-section of the constric 
tion formed thereby. In its open position, the throttle 
4 has substantially the same cross-section as the throt 
tle 13. 
When the gas flow velocity through the stack 1 of 

smoke or other particulate-containing gases is zero the 
spring 29 draws the membrane of the pressure 
detecting device 27 into its extreme left-hand position 
and imposes the larges cross-section of throttle 4 in the 
conduit 2. The membranes in the bellows 4 and 15 as 
sume such positions that the throttle 5 is opened and 
the pump 6 draws fresh air through filter 3 from the at 
mosphere, as mentioned, via duct 2 while air is re 
turned to the atmosphere by pump 22 and outlet con 
duit 12. The system is pneumatically balanced so that 
substantially no partial stream of gas is withdrawn from 
the stack 1 by the sampling tube 21. 
When the stack gases traversing the chimney 1 have 

some speed, the pressure detector 27 responds to pro 
portionally reduce the cross-section of throttle 4. More 
particularly, the total pressure detected at 25 applied 
to one side of the membrane is greater than the static 
pressure detected at 24 and applied to the other side of 
the membrane, the pressure differential displacing the 
membrane 27b against the force of the tension spring 
29. 
The pressure differential is a measurement of the dy 

namic pressure in stack 1, and rod 30 thereby propor 
tionally reduces the cross-section of the throttle and 
hence the velocity with which the fresh air traverses in 
take conduit 2. The pressure differential across the 
throttle thereby increases and is converted into a pres 
sure differential at bellows 14 which shifts the rod 20 
upwardly and effectively reduces the cross-section of 
throttle 5 until the pressure differential at the throttle 
4 again reaches its original velocity. A large quantity of 
fresh air is thus drawn in through duct 2 by comparison 
with the quantity of gas-laden air displaced by the 
pump 22 and discharged through duct 12. This flow 
quantity differential requires replacement by induction 
of gas through the sampling tube 21 from the stack. 
Consequently, as the flow velocity in stack increases, 
the dynamic pressure and the quantity of sampling gas 
increases. 
The spring 29 is of adjustable tension as represented 

by the arrow 29a so that its force can be set with re 
spect to the characteristics of throttle 4, bellows 14, 
bellows 5 and throttle 5 such that the withdrawal ve 
locity of the gas in sampling tube 2 corresponds to the 
gas flow velocity in the remaining cross-section of the 
stack . In this manner an equivelocity of isokinetic 
withdrawal of the sampled gas is ensured. The spring 29 
allows, moreover, temperature compensation in a sim 
ple way since the equivelocity arrangement ensures 
that the same proportion of the sampled gas will be 
withdrawn with high stack temperatures as with low 
stack temperatures. 
Of course, the adjustable throttles 4 and 5 need not 

be provided in the intake line 2 only but one or more 
of these throttles can also be disposed in the discharge 
line 12. Thus the throttle 4 controlled by the pressure 
detecting device can be provided in the intake line 2 
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while the throttle 5 controlled by the regulator 14 and 
15 can be provided in line 12 although, whereas the 
system illustrated in the drawing requires a decreased 
cross-section for throttle 5, the alternative system will 
provide an increased cross-section. Furthermore, in 
stead of the throttle 4 the throttle 13 may be made ad 
justable by the pressure-detecting device 27 and in this 
case the throttle 13 must be its smallest cross-section 
when the flow velocity in the intake is zero. Finally, it 
is possible to provide an arrangement whereby throttle 
5 remains in the intake line 2 and throttle 4 has a fixed 
cross-section while throttle 13 is adjustable by the de 
vice 27. 

I claim: 
1. A system for measuring the dust content of a gas 

stream traversing a duct, said system comprising: 
a pair of motor-driven pumps, each having an inlet 
and an outlet, the inlet of one of said pumps and 
the outlet of the other pump forming respective 
branches communicating with the atmosphere; 

a dust detector having an inputside connected to the 
outlet of said one of said pumps and an output side 
connected to the inlet of said other pump; 

a sampling tube open into said duct and communicat 
ing with said input side of said dust detector down 
stream of said one of said pumps; 

a firsthrottle located at said inlet branch downstream 
of its communication with the atmosphere and a 
second throttle located at said outlet branch up 
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said gas stream in said duct and operatively con 
nected to said means for varying said cross section 
for adjusting said cross section of said one of said 
throttles to generate a flow-rate differential be 
tween said inlet branch and said outlet branch in 
dependence upon said flow velocity; and 

an automatic differential controller including: 
an adjustable-cross section further throttle in one 
of said branches, 

a control member shiftable in response to a pres 
sure differential across said branches, and 

means operatively connecting said control member 
to said first throttle for increasing the flow-rate 
differential across said branches in conjunction 
with said operating means upon an increase in 
said flow velocity and vice versa. 

2. The system defined in claim wherein said operat 
ing means includes: 
a pressure-sensing capsule responsive to pressures 
applied to opposite sides thereof for producing an 
output representing the differential of the latter 
pressures; 

means for applying the static pressure in said duct to 
one side of said pressure-sensing capsule; and 

means for applying the total velocity pressure in said 
duct to the other side of said pressure-sensing cap 
sule. 

3. The system defined in claim 2 wherein said auto 
matic differential controller further comprises respec 

stream of its communication with the atmosphere; 30 tive pneumatic bellows having tubes bridged on oppo 
means for varying the effective flow cross section of 
one of said throttles; 

operating means responsive to the flow velocity of 
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site sides of said first and second throttles in said inlet 
and outlet branches. 
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