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CENUGAL GAS SAMPLE CLEANING 
. SYSTEM 

Edward L. Weiss, Quakertown, Pa., assignor to Leeds 
and Northrup Company, Philadelphia, Pa., a corpora 
tion of Pennsylvania 

Filed Dec. 14, 1962, Ser. No. 244,752 
8 Claims. (Cl. 55-215) 

This invention relates to gas sample cleaning systems 
of the centrifugal type and has for an object the provision 
of an improved system employing a centrifugal cleaner 
which develops relatively high centrifugal forces for with 
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drawing a gas sample from a process, separating particu- . 
late matter from'the gas and discharging the particulate 
matter preferably to the process, the system being par 
ticularly suitable for use in connection with gas analyzers. 

In accordance with one aspect of the invention, the 
system utilizes an improved apparatus for cleaning a gas 
sample. A continuous sample of dirty gas, that is to say 
a gas containing a large amount of particulate matter in 
the form of solids and possibly some liquid is drawn from 
a process to produce a gas sample stream which is con 
veyed to a chamber where the dirty gas is rotated about 
a central axis of the chamber to impart a centrifugal force 
thereto causing the gas and particulate matter to be 
thrown radially outward adjacent‘ a coaxial wall of the 
chamber, A relatively clean gas sample stream is with 
drawn by suction means’ located along said central axis. 
The degree of suction is such as to draw a fraction of the 
gas and lighter weight particulate matter inward toward 
the central axis This fraction of gas and particulate 
matter is then accelerated to a predetermined rotational 
velocity thus subjecting solid and liquid particles therein 
to a large centrifugal force due to the rotational motion 
as well as to centripetal forces due to viscous drag forces 
of the stream of gas being sucked inwardly toward the 
central axis. The dirt particles having a terminal velocity 
greater than the inward velocity of the gas sample stream 
are ejected in a radial direction While the stream of rela 
tively clean gas is withdrawn along the central axis of the 
chamber. The foreign particles having the greater ter 
minal velocity are exhausted from the chamber along 
with the uncleaned portion of the total gas sample stream. 

Further in accordance with the invention, the centrif 
ugal gas sample cleaning system includes a centrifugal - 
cleaner unit having a blower wheel and a separator Wheel 
mounted closely adjacent each other on a common rotata 
ble shaft within a housing. The shaft includes a hollow 
portion in communication with the interior of the sepa 
rator wheel. Inlet means for connecting a sampling line 
to the centrifugal cleaner unit is provided adjacent the 
blower wheel. Means is also provided for connecting an 
excess sample discharge line with the outlet end of the 
cleaner unit and means is provided to connect a clean 
sample suction line with the hollow portion of the shaft 
for passage of cleaned gas therethrough. 

Further in accordance with the present invention, the 
centrifugal cleaning system includes a post ?lter in the 
cleaned gas sample line to remove sub-micron sized par 
ticles. The post ?lter includes a cartridge wet with a 
liquid having a low vapor pressure such, for example, as 
polyethylene glycol. The cleaning system further includes 
means for draining condensed moisture from the cleaned 
gas sample line and pump means connected to the cleaned 
gas sample line to produce ?ow of the cleaned gas sample 
therethrough. In accordance with a further aspect of the 
invention, the means for draining condensed moisture from 
the cleaned gas sample line of the system includes a con 
denser and a water leg in the condensate drain line to 
prevent air from being sucked in with the cleaned gas 
sample. The height of the water leg may be used as a 
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measure of the degree of plugging of the ?lter and may 
therefore be used to provide a warning signal that the 
?lter cartridge should be replaced. ' 
For a more detailed description of the invention and 

for further objects and advantages thereof, reference is 
to be had to the following description taken in conjunction 
with the accompanying drawing in which: 
FIG. 1 is a diagrammatic View of a centrifugal gas sam 

ple cleaning system embodying the present invention; 
FIG. 2 is a schematic view illustrating the gas flow with 

in the centrifugal gas sample cleaner of FIG. 1; 
FIG. 3 is a schematic diagram of a warning signal 

arrangement for indicating the degree of plugging of the 
?lter of FIG. 1; and ' 

FIG. 4 shows a modi?cation of 
sample cleaner of FIG. 1. 

Referring to FIG. 1, the centrifugal gas sample cleaning 
system 10 embodying the present invention has been illus 
trated as including centrifugal cleaner unit 11 including 
a housing 12 at the opposite ends of which are provided 
connections for an inlet line or sampling probe 13 and an 
outlet line 14 which preferably will return excess sample 
to a process from which a sample of gas is taken The 
centrifugal cleaning unit lleincludes a pair of blower 
wheels 16 and 17 of conventional construction, FIG. 2, 
mounted on a common shaft 18, the details of which will 
be further described later in connection with FIG. 2. 
The shaft 18 is provided with a ?exible coupling 19, FIG. 
1, which connects the centrifugal cleaner unit 11 to a 
drive motor 20. The drive motor 20 may be of any 
suitable type preferably having a speed in excess of 3,000 
r.p.m. The cleaned gas leaving the cleaner unit 11 passes 
through a cleaned gas sample line 22 and into a ?lter 23 
wherein sub-micron sized particles are removed. The 
cleaned gas then» passes through a condenser illustrated 
as a coil, 24 and into a T connection 25, one opening 
of which is connected with a drain line 26 for removing 
condensed water from the sample before the clean gas 
sample enters a pump 28. The condenser and drain line 
provide means for lowering the sample dew point of the 
clean sample su?iciently so that condensation will not 
occur in the sample transmission line 30 after it leaves 
the pump 28. 
Having described the centrifugal gas sample cleaning 

system of this invention, certain portions thereof will 
now be described in more detail. 
the centrifugal cleaner in a preferred form-comprises a 
unit 11 of novel construction. Two blower wheels 16 
and 17 are of identical construction being cup-shaped 
members having solid end Walls 16a, 17a. The sides 
of the cups projecting from the respective end walls 16a, 

the centrifugal gas 

. 17a include a plurality of closely spaced ?ns or blades, 
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16b, 17b. The ?rst blower wheel 16 may be consid 
ered as a separator wheel and is mounted over av pair of 
openings 18a in shaft 18 which communicate with a 
hollow portion 1811 at the right-hand end of shaft 18 
as shown in FIG. 2. The second blower wheel‘ 17 may 
be referred to as an impeller wheel and-is mounted on 
the solid end of shaft 18 so that its solid back plate 17a 
serves to close off the open side of the cup-shaped sepa 
rator wheel 16. The motor 20, FIG. 1, drives both of 
the wheels 16 and 17 at high rotational speed. The 
housing 12 provides a chamber for the gas sample. Dirt 
laden gas enters the chamber through line 13. The 
solid arrows 32 indicate the flow of. particulate matter 
of the gas sample and the dotted arrows 32g indicate 
the ?ow of the gaseous portion thereof produced by the 
rapidly rotating impeller wheel 17. The impeller wheel 
17 draws a relatively large excess of dirty gas sample 
from a process stream and the excess sample is blown 
back into the process stream. The total sample enter-. 

' ing the cleaner is indicated by the arrows 32. and 32g, 

Referring to FIG. 2,’ 
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and the excess sample leaving the cleaner, indicated by 
the arrows 33 and 33g, is blown back into the process 
stream by way of line 14. 
As may be seen in FlG. 2, the sample components 

indicated by the solid arrows 32 for particulate matter 
and the dotted line arrows 32g for gas are drawn into 
the centrifugal cleaner unit 11 from the inlet line 13 
by the impeller blower wheel 17. This sample is ro 
tated about the axis of shaft 18 and a centrifugal force 
is imparted to the sample thereby causing it to be thrown 
radially outwardly against the wall of housing 12. Sue 
tion is applied to the hollow portion 18b of shaft 18 by 
the pump 28, FIG. 1, thus drawing a small fraction of 
the lighter weight components of the total sample in 
wardly through the periphery of the separator wheel 16, 
FIG. 2. This fraction of the gas sample entering the 
wheel 16 at its periphery is accelerated to the rotational 
velocity of the separator wheel 16 and any solid or liquid 
particles in this fraction of the gas sample are thus sub 
jected to the centrifugal forces due to the rotational mo 
tion as well as centripetal forces due to viscous drag 
forces of the inward moving fraction of the gas sample. 
Particles having a mass which is large compared to that 
of the sample gas molecules are prevented from entering 
the separator wheel 16, hence these particles pass through 
the unit 11 along with the excess sample as indicated 
by the broken lines 33, 33g, FIG. 2, and out through the 
return pipe 14. A fraction of the gas sample 330 is 
thus rendered clean and such clean sample is exhausted 
through the openings 18a, hollow shaft portion 18!), open 
ings 18c, chamber 34, and line 22. 
The centrifugal force on a particle is proportional to 

its mass, its distance from the center of rotation and 
the square of its angular velocity about the center of ro 
tation. The centripetal force is proportional to gas vis 
cosity, particle size and relative velocity of gas and parti 
cle. For small particles, a limiting or terminal velocity 
relative to the gas is quickly reached. Particles will 
be ejected from the separator wheel 16 if this terminal 
velocity is greater than inward velocity of the gas. In 
general, the large dense particles will be ejected while 
the small, less dense particles are carried along with the 
gas sample. The limiting combination of size and density 
a particle must have in order to be separated from the 
fraction of the gas sample which is to be cleaned will 
depend on the sample viscosity, the required sample 
flow rate, and the separator wheel size, velocity, and face 
area. 
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inserted in a water reservoir 36, and the lower end of 
drain line 26 is maintained below the surface of the 
water. The height of the water leg within the drain 
line 26 obviously will depend upon the suction in the 
sample line. This suction will vary in time due to gradual 
plugging of the ?lter 23. The height of the water leg 
may therefore be used to detect the degree of plug 
ging that has occurred in the ?lter and may be used as 
an indication that the ?lter cartridge 23a should be re 
placed. 
A signal may be provided as a warning that the ?lter 

cartridge 23a should be replaced by placing electrodes 
in the condensate drain line 26 above the normal water 
level as indicated in FIG. 3. Increased suction will 
cause a rise in water level in drain line 26 bringing the 
condensate up to a material, r is the particle radius, and 
17 the viscosity of the gas. Taking R=6 cm. and 
N=60/sec., as an example, then by substitution, 

Using this value for acceleration, the value for viscosity 
of air (l.8><10-4) and the density of Water, 1.0, the 
terminal velocity may be calculated as a function of parti 
cle radius: 

1) __2 8.55 X105><1.Or2 
_9 1.8Xl0-4 (4) 

If r is expressed in microns instead of centimeters this 
expression becomes v=l0.5r2 cm./sec. Only particles for 
which this value is smaller than the gas velocity into the 
separator wheel will be carried along with the cleaned 

A commonly used sampling rate 
of 235 cc./sec. requires a sample velocity of 1.3 cm./sec. 
through the periphery of the separator wheel. Thus it 
is seen that particles of density 1.0 and radius smaller 
than about 1/3 micron will not be separated. 

Because particles of smaller size than the foregoing 
are expected in some processes, a ?lter 23, FIG. 1, is 
added. To remove sub-micron sized particles efficiently, 
a ?lter of the wet cartridge type is preferably employed. 
An example of a suitable ?lter of this type is a model 
B4BD Ful?o ?lter sold by Commercial Filters Corpora 
tion, Melrose, Massachusetts. This model utilizes a cot 
ton cartridge. It is desirable to wet the cartridge thor 
oughly with a liquid having a low level which permits 
electrical current ?ow between the electrode with the 
condensate forming the current path. Placing an addi 

= 1.05>< 10b2 cm./scc. 

, tional electrode at a higher position in the drain line 26 
The relative motion of dirt particles may readily be Q 

calculated. The centrifugal acceleration of the particles 
is given by Equation 1: ‘ 

where R is the radius of rotation and N is the number. 
of revolutions per second. The terminal velocity of a 
spherical particle accelerated through a viscous medium is 
given by Equation 2: 

(2) 
where a is the acceleration, d is the density of the particle 
vapor pressure prior to use. 
liquid is polyethelene glycol having a molecular Weight 
of 300. 
As illustrated in FIG. 1, provision has been made for 

lowering the sample dew point of the cleaned sample 
so that condensation will not occur in the sample trans 
mission lines. After the cleaned sample leave-s the ?lter 
23, it passes through a condenser 24 illustrated as a coil 
of copper tubing inserted in the sample line between the 
?lter 23 and the drain T 25. The T connection 25 is used 
for draining condensed water from the sample before it 
enters the pump 28. A water leg is required in the con 
densate drain line 26 to keep air from being sucked into 
the sample. Thus, the lower end of drain line 26 is 

An example of a suitable‘ 
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so that a second electrical circuit is completed by further 
rise in water level may be used to provide means for stop 
ping the sample pump 28 if. the warning provided by the 
?rst current path closure has not been heeded in time. 
S02 or CO2 in the sample gas will dissolve in the con 
densate draining through line 26 thus assuring adequate 
conductivity of the water in the water leg. The cleaned 
gas sample line 22a is connected to the side of the T 
?tting 25 whereas the other connections to it are made 
with the condensate drain line 26 at one end and the 
line 22b going to the suction side of pump 28 at the 
other. The pump 28 is illustrated in FIG. 3 as being 
driven from an electric motor M which is energized from 
a suitable source of power through normally closed con 
tacts of a relay 40. The drain line 26 is of conductive 
material which is shown divided into a plurality of sec 
tions such as 26, 26a, 26b with sections 26 and 26a being 
joined by an electrical insulating sleeve 41 and sections 
26a and 26b being joined by an electrical insulating 
sleeve 42. The section 26a of the drain line serves as a 
common electrode which is connected by way of conduc 
tor 43 to one side of a secondary of isolating transformer 
44. The other side of the secondary of transformer 44 
is connected to drain line section 26 and section 261) 
respectively through the coils of relays 49 and 45. As 
the height of the water rises in drain line section 26b, it 
will bridge the insulating segment 42 completing a circuit 
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from transformer 44 through the common electrode 26:: 
thus energizing the coil of relay 45 and causing its nor 
mally open contacts to move to closed position thereby 
completing the electrical circuit for the warning light 47 
and/ or horn 48. When the water within the drain line 
rises su?iciently high to engage the lower end of pipe 
section 26, FIG. 3, the circuit will be completed between 
electrode 26a and 26 thereby energizing the coil of relay 
40 causing its normally closed contacts to be opened 
and thus interrupting the power to motor M and stopping 
sample pump 28. 
By way of example a centrifugal gas sample cleaning 

system embodying the present invention had a centrifugal 
cleaner unit containing impeller and separator wheels 
driven by a 3450 r.p.m. motor. The sample inlet line 13 
and excess sample return line 14 were conventional l" 
i.p.s. wrought iron pipe. The cleaned gas sample line 22 
and subsequent sample transmission line sections 22a, 
22b and 30 were 1A" copper. It is to be understood that 
the blower wheels may be equipped with inserts to reduce 
the internal volume of the cup-shaped wheels to reduce 
the inactive volume of the blower thereby to reduce 
sampling lag. 
FIG. 4 illustrates diagrammatically an additional modi 

?cation of the centrifugal cleaner unit 11 shown in the 
system of FIGS. 1-3. The centrifugal gas cleaner unit 111 
of FIG. 4 may be inserted in the system of FIG. 1_ in place 
of the unit 11. As will be seen, the unit 111 includes 
a housing 112 at the opposite ends of which are provided 
connections for the inlet line 13 and the outlet line 14 
which returns excess sample to the process. The cen 
trifugal cleaning unit 111 includes two blower wheels 116 
and 117, the wheel 117 ‘being of larger diameter than 
the wheel 116 so that the latter can be inserted within 
the wheel 117. The larger blower wheel 117 acts as an 
impeller wheel while the smaller blower wheel 116 acts 
as a separator wheel. The wheels 116 and 117 are as 
sociated in face to face relation on the shaft 118 so that 
the solid back 117a of wheel 117 closes off the open 
side of the cup-shaped separator wheel 116. The back 
116a of wheel 116 is positioned adjacent the open end 
of wheel 117. The gas sample flow through the unit 111 
is similar to that described above in connection with 
unit 11,- FIG. 2, with the clean gas passing through the 
openings 11811 at the hollow end 1181) of shaft 118 and 
out through the outlet openings 1186- to the clean gas 
line 22. 
‘From the foregoing description, it will be seen that the 

modi?cation shown in FIG. 4 of the centrifugal unit 111 
may be utilized in the system shown in FIG. 1 in place 
of the unit 11. The remaining'portions of the system 
such as the ?lter, condenser and pump will be the same. 
It will also be understood that the warning system of 
FIG. 3 is adapted for use with the centrifugal cleaner unit 
111 of FIG. 4. While the embodiment illustrated in 
FIG. 2 of the centrifugal cleaner unit 11 is preferred, it 
is to be understood that other modi?cations such as unit 
111 of FIG. 4 will operate satisfactorily in the system of 
FIG. 1. It is also to be understood that the units 11 and 
111 may be operated in either horizontal or vertical posi 
tions. 

It is to be understood that the invention is notlimited 
to the speci?c arrangements described and illustrated 
and that other modi?cations thereof may be made within 
the scope of the appended claims. 
What is claimed is: 
1. A centrifugal gas sample cleaning system comprising 
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a centrifugal cleaner unit including a housing having an ‘ 
inlet end and an outlet end, 
a blower wheel and a separator wheel mounted closely 

adjacent each other on a common rotatable shaft 
within said housing, - 

said shaft including a hollow portion in communication 
with the interior of said separator wheel, 
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inlet means for connecting a sampling line to the in 
let end of said housing of said centrifugal cleaner 
unit adjacent said blower wheel, 

means for connecting an excess sample discharge line 
with the outlet end of said housing of said cleaner 
unit, _ 

means for connecting a cleaned gas sample suction 
line with said hollow portion of said common rotata 
ble shaft for passage of cleaned gas therethrough, a . 
?lter in said cleaned gas sample line to remove sub 
micron size particles, 

means for condensing moisture and means for draining 
condensed moisture from said cleaned gas sample 
line, 

said means for draining condensed moisture from said 
cleaned gas sample line including a water leg con 
nected in said line downstream from said condensing 
means, 

said water leg comprising a drain line having its lower 
end immersed below the liquid level of a water 
reservoir, ' 

said drain line including at least three electrical con 
tacts one above the other which are interconnected 
by electrical insulating sections with pairs of contacts 
adapted to be bridged by electrically conductive 
liquid in said water leg dependent upon the level 
thereof, one of said contacts effective as a common 
contact in an electrical circuit, the other contacts 
forming separate contacts in said electrical circuit, 

?rst relay means in circuit with the lower pair of said 
contacts and second relay means in circuit with the 
upper pair of said contacts, 

said ?rst relay means having normally open contacts a 
in electrical circuit with a warning signal means, and 

said second relay means having normally closed ‘con 
tacts in circuit with an electrical motor. 

2. A centrifugal gas sample cleaning system comprising 
a centrifugal gas sample cleaner, 

a cleaned gas sample line for passage 'of cleaned gas 
from. said cleaner, ‘ _ 

a ?lter in said cleaned gas sample line downstream of 
said cleaner to remove sub-micron size particles, 

a gas sample pump downstream of said ?lter having 
its suction side connected to said cleaned gas sample 
line, 

means connectedto said cleaned gas sample line be 
tween said ?lter and said pump for lowering the sam 
ple dew point of the cleaned gas sample so that con 
densation will not occur in a sample transmission line 
leading from said pump, 

. said last-named means including a liquid leg having a 
drain line with its lower end immersed below the 
liquid level of a body of liquid in a reservoir for 
draining condensed moisture from said cleaned gas 
sample line while preventing air from being sucked 
into said cleaned gas sample line by said pump, and 

means responsive to the height of the liquid in said 
liquid leg to provide a warning signal as to the degree 
of plugging of said ?lter. 

3. In a centrifugal gas sample cleaning system accord 
ing to claim 2 wherein said responsive means includes at 
least three sections in said drain line which are inter- , 
connected by electrical insulating sleeves, the center one 
of said sections forming a center electrode in an electrical 
circuit, the end sections forming separate electrodes in 
said electrical circuit, ?rst relay means in circuit with 
the lower one of said end electrodes, and second relay 
means in circuit with the upper one of said electrodes, 
said ?rst relay means having normally open contacts in 
electrical circuit with a warning signal means, and said 
second relay means having normally closed contacts in 
circuit with an electrical motor connected to and for 
operating said pump. 

4. A centrifugal gas sample cleaner comprising a hous 
ing having 
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a single chamber de?ned by a side wall and end walls 
respectively at opposed inlet and outlet ends thereof, 

' means for feeding sample gas to said inlet end of said 
chamber, 

.a shaft rotatably mounted in said end walls and ex 
tending through said chamber, 

means for rotating said shaft, 
wheel structure comprising impeller means and separa 

tor means mounted on said shaft within said chamber, 
said wheel structure including disc means a?‘ixed on 

said shaft for rotation therewith, 
said disc means comprising a pair of solid plates coaxial 

ly mounted on the shaft and spaced from each other 
in the axial direction of the shaft, 

said impeller means comprising a ?rst plurality of 
closely spaced blades having ends a?ixed adjacent 
an outer periphery of a ?rst of said plates and hav 
ing the opposite ends extending therefrom in the axial 
direction of the shaft towards the inlet end of said 
chamber and free of the second plate to provide an 
open end for said impeller means to draw a gas 
sample into saidchamber, 

said means for feeding sample gas to said inlet end of 
the chamber including means for axially directing 
the sample gas towards the open end of the impeller ‘ 
means, 

said separator means comprising a second plurality of 
closely spaced blades supported by said disc means 
and positioned between said pair of plates with the 
last-named blades located adjacent the outer periph 
ery of the second of said plates and extending there 
from in the axial direction of the shaft to produce 
radially outward forces on the gas sample'received 
by said separator means from said impeller means, 

said ?rst and second plurality of blades being radially 
spaced from the shaft and the side wall of said 
chamber and circumscribing a pair of annular spaces 
between themselves and said shaft, 

said pair of plates being constructed and arranged to 
provide axially spaced end closure means for the an 
nular space circumscribed by said second plurality of 
blades of said separator means, 

at least a portion of the length of said shaft being 
hollow and having inlet port means encircled by the 
annular space circumscribed by said second plurality 
of blades of said separator means, 

means for connecting a cleaned gas suction line to the 
hollow portion of said shaft, and 

means adjacent the outlet end of said chamber for 
removal of excess sample gas from the space be 
tween said blades and the side wall of the chamber. 
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5. A centrifugal gas sample cleaner as claimed in claim 

4 wherein said impeller means and said separator means 
are arranged serially on said shaft. 

6. A centrifugal gas sample cleaner as claimed in claim 
4 wherein said separator means and said impeller means 
are arranged concentrically on said shaft with said ?rst 
plurality of blades circumscribing said second plurality 
of blades. 

7. In the combination claimed in claim 4, 
a cleaned gas suction line connected to the means for 

connecting the same to said hollow portion of said 
shaft, 

and a ?lter in said cleaned gas suction line including 
means to remove sub-micron size particles. 

8. In the combination claimed in claim 7, 
means for condensing and draining condensed moisture 

from said cleaned gas suction line, 
and pump means connected to said cleaned gas suction 

line, 
said ?lter, said condensing and draining means and said 
pump means being serially connected. 
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