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1, 
‘ This invention relates to the‘ silencing and at 

tenuating of pulsations‘ in a flowing gas stream 
such as that produced in the intake and exhaust 
of air‘ pumps, internal combustion engines, and 
the like; and is particularly adaptable‘ to exhaustv 
silencers for positive pressure blowers. 

It is especially‘ concerned with the‘ simple and 
effective means for silencing the exhaust noises 
of a pneumatic conveying system without sub 
stantially increasing the back‘ pressure of the ex 
haust system. It is among the further purposes 
to‘ provide a silencer that is equally effective in 
any position and that may be located at any 
point in the exhaust system with respect to the 
blower. 

It is’ well known that the ?OWiIlg gas stream in 
an exhaust system of a positive pressure blower 
comprises a series of separate gas slugs, or vol‘ 
umes of gas, at a relatively high pressure sepa 
rated by volumes of gas at a relatively low pres 
sure, and‘ it is believed that the noise from such 
an exhaust system is produced by these high 
pressure slugs of gas hitting the surrounding air 
as the slugs are exhausted to atmosphere. To 
overcome a noise of this type the high pressure 
volumes and the low pressure volumes in the ex 
haust system must be smoothed out, or attenu 
ated, to mean pressure to provide a constant. 
pressure stream of gas flowing from the exhaust 
system to the atmosphere. 

I It has been the practice to attenuate the vari 
able pressures in an exhaust stream of gas by 
providing silencers having various obstructions 
and expansion chambers through which the gas 
must ?ow. The theory is that the obstructions 
to the ?ow will cause a damming up of the stream 
of gas and a resulting co-mingling of the sepa 
rate volumes of gas to even out to a uniform pres 
sure, while the expansion chambers will allow 
the high pressure volumes of gas to lose momen~ 
tum and expand into the volumes of lower pres 
sure gas. The objection to silencers of this type 
is the usual increase in back pressure of the gas 
stream incurred as the stream is forced to ?ow 
around the obstructions and into and out of the 
various expansion chambers through restricted 
openings. A further objection to silencers of this 
type is‘the lack of any provision for the absorption 
of sound waves produced by the vibrations set up 
from the ?owing gas stream striking the various 
elements of the silencer. 
The present invention is, accordingly, directed 

to an apparatus for silencing the noises in an ex 
haust system that are produced by the variations 
in pressure, or pulsations, in the gas stream. The 
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apparatus includes‘ novel means to-receive and‘ at 
tenuate’ the pulsations to‘ provide for a constant 
pressure in the gas stream ?owing to the atmos 
phere, and to obtain a maximum ef?ciency in 
the attentuating of the pulsations without sub 
stantially-increasing the back pressure in the ex 
haust system. 
In general, the new‘ silencer comprises a sub 

stantially cylindrical housing having an intake 
end‘ and a discharge’ end‘. Anopen ended gas in 
let conduit is positioned in the housing intake 
end, and is extended concentrically a substantial 
distance into the housing. In the same manner 
a gas outlet conduit of equal diameter is positioned 
in the housing discharge end and extended con 
centri'cally a substantial distance into the hous 
ing. An intermediate conduit, having one end‘ 
closed and one end‘ open, is positioned concentri 
cally around the gas inlet conduit inside the cy 
lindrical housing-with the closed end opposite the 
inner open end of the gas inlet conduit and the 
open end positioned adjacent the intake end of 
the cylindrical housing. The diameter of the in 
termediate conduit is such that the annular, or 
effective» area, of this conduit for the flow of gas 
is substantially equal to the area of the gas in 
let conduit. In a like manner a second inter 
mediate conduit of the same design is positioned 
concentrically around the gas outlet conduit and 
the e?‘ective area of/thls conduit is substantially 
equal to the area of the gas outlet conduit. An 
outer conduit, formed of a sound absorbing ma 
terial, is positioned concentrically and externally 
of the two intermediate'conduits and is extended 
substantially the length of the housing to serve 
as a means of communication between the open 
ends of the two intermediate conduits. The ef 
fective area of the outer conduit for the flow of 
gas is substantially equal to the effective area of 
either of the intermediate conduits,- and it is 
seen that at al1 times the cross sectional areas of 
the gas stream through any part of the silencer 
is substantially equal. 
The exhaust gas enters the silencer through 

the gas inlet conduit where it is discharged into 
the ?rst intermediate conduit. Due to the closed 
end of the intermediate conduit being positioned 
opposite the inner opened end of the inlet con 
duit the ?ow of gas is forced to change direction 
as it is discharged from the inlet conduit and 
flow through the space de?ned by the inside of 
the intermediate conduit and the outside of the 
inlet conduit, which has the same area as the, 
inlet, conduit and therefore offers no obstruction 
'to the ?ow of the gas. There is a co-mingling of 
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the volumes of gas of different pressures due to 
turbulence as the ?ow of gas is reversed in direc 
tion and a further co-mingling as the gas takes 
the form of an annular ring of the same area, but 
of thinner cross section, as it flows through the 
intermediate conduit. There is a further at 
tenuating of the gas pressures as the direction of 
?ow is changed from the intermediate conduit 
into the outer conduit. The gas now moves the 
length of the silencer and in doing so, the stream 
is in intimate contact with a relatively large 
surface of sound absorbing material. The gas 
stream is now quite thin in radial direction and 
is therefore less able to maintain any vibration 
in a radial direction, and any such vibration 
would be eliminated by the absorbing material. 
rI‘his outer conduit also prevents any sound waves 
set up inside the silencer from reaching the cas 
ing, thus avoiding any vibration and resulting 
noise from this source. The gas stream is dis 
charged from the outer conduit into the second 
intermediate conduit, and from this conduit it 
passes into the outlet conduit through which it 
is discharged from the silencer in a smooth even 
pressure stream. 
For a better understanding of the nature of 

the invention, reference should be had to the 
following detailed description taken in connec 
tion with the accompanying drawings in which: 

Fig. l is a plan view of the apparatus with sec_ 
tions broken away for the purpose of illustration; 

Fig. 2 is a plan view in section along with cen 
ter line of the apparatus; 

_Fig. 3 is a sectional view taken on line 3-3 of 
Fig. 1; 

Fig. 4 is a sectional view taken on line 4-4 of 
Fig. 1. 

Referring to the drawings the silencer is dis 
closed in a vertical position and will be described 
in such a. position for the purpose of orientation, l 
but it is to be understood that although the ap 
paratus is disclosed and usually installed in this 
position it will function equally e?icient in any 
position. The silencer will be seen to comprise 
the casing 5 which is of generally cylindrical 
form, and which is formed by two chambers G 
and ‘I. Chambers 6 and ‘I are fabricated as sep 
arate units to facilitate manufacture, but are 
formed into a single unit by means of ?anges 8 
and secured together by bolts I0. Chamber 6 
will be described as the intake section of the 
apparatus and chamber 1 will be described as 
the discharge section. The casing 5 is closed at 
the discharge end by an end plate II secured to 
the casing by means of a ?ange 25 and bolts 26. 
Positioned above the end plate II is a ?ange 
plate i2, of smaller diameter, and plates II and 
12 are spaced apart and held in position by a 
series of spacer plates I3 positioned 90 degrees 
apart. In a like manner the intake end of casing 
5 is closed by an end plate I 4 secured to the casing 
by means of a ?ange 25 and bolts 28. Positioned 
below the plate I 4 is a flange plate I5 of a smaller 
diameter than plate I4, and plates I4 and I5 are 
spaced apart and held in position by a series of 
spacer plates I5 positioned 90 degrees apart. 
Plates I2 and I5 are used as a means of attach 
ing the silencer into an exhaust system. 
Each end plate and ?ange plate is provided 

with aligned openings through which is mounted 
an open ended conduit, the conduit terminating 
at one end flush with the ?ange plate and pass 
ing through the opening in the end plate to ex 
tend concentrically a substantial distance into 
the casing 5. The gas inlet conduit I7, secured to 
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4 
the end plate I4, is used as a means for conduct 
ing the gas stream into the casing 5; while the 
gas outlet conduit I8, secured to end plate II, is 
used as a means for conducting the gas stream 
from the inside of casing 5. The conduit I1 is 
provided at its discharge end with a series of inlet 
ports 30 spaced around the circumference of con 
duit I1 and divided into equal distance center 
lines along a portion of the length of the con 
duit. The total combined area of the inlet ports 
is equal, or substantially equal, to the area of 
the conduit II. In a like manner conduit I8 is 
provided with a series of inlet ports 3| at its 
discharge end positioned with the same spacing 
as is provided for conduit IT. 
A first intermediate conduit I9 extends con 

centrically into the casing 5 externally of the gas 
inlet conduit I1, and is attached to the end plate 
M by means of bars 2|. The intermediate con 
duit I 9 is open at one end and closed at the 
other end by a conical plate 22 positioned oppo 
site the inner open end of the gas inlet conduit 
[1. The annular, or effective cross-sectional 
area, of the ?rst intermediate conduit is de?ned 
by the space between the outside of the gas inlet 
conduit I‘! and the inside of the intermediate 
conduit I9, and this effective cross-sectional area 
is equal, or substantially equal, to the inside 
cross-sectional area of the gas inlet conduit IT. 
In a like manner a second intermediate conduit 
20 extends concentrically into the casing 5 exter 
nally of the gas outlet conduit I8 and has an 
effective cross-sectional area equal, or substan 
tially equal, to the inside cross-sectional area of 
the gas outlet conduit. The second intermediate 
conduit 26, attached to the end plate I I by means 
of bars 23, is open at one end and closed at the 
other end by a partially conical plate 24, the 
closed end being positioned opposite the inner 
open end of the gas outlet conduit I8. The con 
duit I9 is provided at its discharge end with a, 
series of ports 32 spaced regularly around the 
circumference of the conduit and divided into 
equal distant center lines along a portion of the ' 
length of the conduit, the total combined cross_ 
sectional area of the inlet ports are equal, or 
substantially equal, to the cross-sectional area 
of the conduit I9. In a like manner conduit 20 
is provided at its discharge end with a series of 
inlet ports 33 positioned with the same spacing 
as is provided for conduit I 9. 
An acoustic outer conduit is formed by two 

porous walls 2'! and 28 spaced apart by a blanket 
of sound absorbing material 29, such as ?ber 
glass. This outer conduit extends the entire 
length of easing 5 and has an outer diameter 
slightly less than the inside diameter of the cas 
ing 5. The acoustic outer conduit is comprised 
of two units, outer conduit 35 positioned inside 
chamber 6 and outer conduit 36 positioned inside 
chamber ‘I. The inside diameter of conduit 35 
is of such dimension that the effective area, that 
is the area de?ned by the space between the out 
side of conduit I9 and the inside Walls 28 of the 
conduit 35, is equal, or substantially equal, to the 
eifective area of the conduit l9. This dimension 
relationship also applies to the conduit 36 with 
respect to the conduit 20. As stated before, this 
apparatus is usually installed in a vertical posi 
tion and may be outside of any weather shelter. 
In the event that there is an installation without 
any shelter, there is a probability that rain or 
other forms of moisture will enter the apparatus. 
To overcome this, a drain 34 has been provided 
at‘the bottom of conduit 20 to permit any accu-H 
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mulated moisture entering the conduit [8 to be 
removed; 
In the. operation of the silencer, compressed 

gas, delivered: by a blower into the exhaust sys 
tem, enters the silencer through the inlet conduit 
il in: the form of a. gas- stream comprised of a 
series of separate gas slugs, or volumes‘ of gas, 
at a- relatively high pressure separated by vol 
umes of gas at a. relatively low pressure. 
separate slugs of gas'move through the inlet con 
duit with: an inertia sufficiently high. to carry: 
them rapidly‘past the ports 30 spaced around the 
circumference of the inner end of the conduit I‘? 
and to' discharge them into the'closed end section 
of. the first intermediate- conduit l9. 
stream, entering the closed end section of the first 
intermediate conduit, strikes a cushion of air 
pocketedv in the conical plate 22. This cushion 
of air is maintained in the closed end section of 
the ?rst intermediateconduit at all times because 
of the conical shape of plate 22,. and acts as a 
sound absorber by preventing the separate slugs 
of» gas from. striking the'plate 22 with full force. 
The gas stream, after striking the air cushion, 

is reversed in direction and‘ starts: toward the 
open end of the ?rst intermediate conduit [9, 
which by design‘ has the same, or substantially 
the same, effective cross sectional area as that of‘ 
the inlet conduit‘, and therefore offers no in 
creased resistance tov theiflow of the gas stream. 
There is a turbulence in the gas stream as the 
direction of flow is reversed, and. this turbulence 
will cause a. partial equalization of pressures. 
This equalization. is brought about by the co 
mingling of the high pressure volumes with the 
low pressure volumes wherein the high pressures 
will be reducediby expanding into the lower pres~ 
sures, and: the low pressures will be increased. 
This means that equalization of pressures is prev 
alent' throughout. the silencer wherever the direc 
tion of now of a gas stream is reversed. The 
turbulence of. the gas. stream is still present as 
the gas moves toward the open end of the ?rst 
intermediate conduit and past the ports 30 of the 
inlet conduit. This turbulence will cause some 
of the high pressure volumes, as well‘ as the low 
pressure volumes now at a higher pressure, to 
flow through the ports 30 and expand into the 
low‘ pressure volumes ?owing past in the inlet 
conduit. 
The gas stream, now in the form of a series of 

annular slugs, continues through the ?rst inter 
mediate conduit to the open end of the conduit 
where its inertia carries it past the ports 32 into 
a chamber formed by the closed endiof the outer 
conduit 35. The gas stream strikes a cushion of 
air containedin the closed end of the outer con 
duit and is againprevented from striking an ele 
ment of the silencer with full momentum as its 
direction of how is reversed. A second turbu 
lence is‘ created by the reverse ?ow of the gas 
stream into the outer conduit resulting in a fur 
ther. co~mingling of the separate volumes and an 
equalizing of.‘ pressures in addition to a further 

equalizedv pressures‘ bypassing of. the more 
through the ports 32 in the ?rst’ intermediate 
conduit‘- in the same manner as described for the 
ports 39'. The gas'stream, now in the form of a 
series of larger annular slugs, but having sub 
stantially the same area as the annular slugs of 
the ?rst intermediate conduit, moves toward the 
discharge end of the outer conduit adjacent the 
open-end of the second‘intermediate conduit 20. 
In‘ flowing through. the outer conduit the gas 
stream is in‘ intimate contact. with a. relatively 
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6. 
large surface of sound absorbing material; The 
stream isnow quitethin radially'and- therefore 
less able to maintain any vibration in a radial‘. 
direction, and any such vibration is eliminated 
by the absorbing material; This sound absorb‘ 
ingmaterial is by design thick enough‘ to absorb 
any additional. sound waves‘ that‘ may exist due 
to‘ the’ intermittent. pulsating'action of the blower 
impellers andby'the vibrations set up by the-tur-i 
bulence' created in reversingthe direction of flow’ 
of the“ gas stream throughout the silencer. It 
also prevents’any' sound wave set up in the inter 
nal elements of‘ the silencer from reaching the 
outer shell‘ and thus avoid vibration of the shell 
and‘ any resulting noise from this source. 
As the gas st'ream'isv discharged-from theouter 

conduit it is forced to change‘ direction and enter‘ 
the open end of the second intermediate‘ conduit 
2%; Again there is a turbulence created with a 
further (Jo-mingling of the separate volumes of 
gas making up the gas stream, and‘ a bypassing 
or" a portion of the gas stream from. the second 
intermediate conduit‘ through the ports 33 into 
theouter‘conduit, as described‘for other sections‘ 
of the silencer. The gas stream ?ows through 
the conduit 29 where it strikes the partial conical 
plate 24-, which'by design o?ers a minimum re 
sistance'to the flow of. the gas as it‘ changes direc— 
tion to flow into the outlet conduit H3. The con 
vex shape of the conical plate 24 serves to facili 
tate the reversal of the annular how at this point 
and the‘ conversion of the‘ annular‘ ring of‘ gas 
back into a single uniform‘ cross sectional‘ con 
duit. This is a desirable feature as the separate 

' volumes of gas are now at a uniform pressure and. 
have the characteristics of a constant pressure 
strcam of gas and should be exhausted from the 
silencer through the outlet conduit IS with. a 
minimum amount of turbulence. 
In the design of this silencer all crosssectional. 

areas of flow are kept equal, or substantially 
equal,.which results in- the velocity of the gas 
stream remaining constant and the only change 
taking place being that of. pressure equalization 
of the separate volumes of gas within the gas 
stream. This design of the silencer also fur 
nishes‘ a.‘ means for creating a concentric ?ow of 
gas- through the apparatus which progressively 
becomes thinner in radial cross section, and 
therefore more responsive. to. pressure equaliza 
tion, until it reaches its thinnest cross sectional 
area. where. it has its greatest areaexposecl to, 
and. in intimate contact with, a sound absorbing 
material‘. 

I claim: 
1. A. silencer comprising a substantially cylin 

drical housing having an intake end and a. dis 
charge end, an open ended gas inlet conduit posi 
tioned‘ in the housing intake end. and extending 
concentrically a substantial distance therein, 
the inlet conduit having a'series of gas ports po 
sitioned around. its. circumference and spaced 
along a portion of the lengthof its inner end, 
an open ended gas outlet conduit positioned in 
the housing discharge end and extending con 
centrically a substantial distance therein, the‘ 
outlet‘ conduit‘ having a series of’ gas ports pc 
sitioned around its circumference and spaced 
along a portion‘ of the length from its inner end, 
a ?rst intermediate conduit having one end 
opened and one‘ end‘ closed positioned concen 
trically and externally‘ along‘ a substantial. por- 
tion‘ of the" inlet‘ conduit, the closed end of the 
?rst" intermediate conduit being positioned in~ 
wardly' from the‘ inner end’. of the inlet conduit; 
theaopenzend; of the ?rstiintermediate conduit 
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being positioned inwardly from the intake end 
of the housing, the ?rst intermediate conduit 
having a series of gas ports positioned around 
its circumference and spaced along a portion of 
the length from its open end, a second interme 
diate conduit having one end open and one end 
closed positioned concentrically and externally 
along a substantial portion of the outlet conduit, 
the closed end of the second intermediate con 
duit being positioned inwardly from the inner 
end of the outlet conduit, the opened end of the 
second intermediate conduit being positioned in 
wardly from the discharge end of the housing, 
the second intermediate conduit having a series 
of gas ports positioned around its circumference 
and spaced along a portion of the length from 
its open end, and an outer conduit formed of 
sound absorbing material positioned concentri 
cally about and spaced from the two interme 
diate conduits and extending substantially the 
length of the housing, the outer conduit form 
ing an annular space about the two intermediate 
conduits which provides a means of communi 
cation between the open ends of the two inter 
mediate conduits. 

2. A silencer comprising a substantially cylin 
drical housing having an intake end and a dis 
charge end, an open ended gas inlet conduit 
positioned in the housing intake end and ex 
tending concentrically a substantial distance 
therein, an open ended gas outlet conduit posi 
tioned in the housing discharge end and extend 
ing concentrically a substantial distance therein, 
the cross-sectional area of the gas inlet conduit 
being substantially equal to the cross-sectional 
area of the gas outlet conduit, a ?rst interme 
diate conduit having one end open and one end 
closed positioned concentrically and externally 
along a substantial portion of the inlet conduit, 
the effective cross-sectional area of the ?rst in 
termediate conduit where it extends along the 
inlet conduit being substantially the same as 
the cross-sectional area of the inlet conduit, the 
closed end of the ?rst intermediate conduit be 
ing positioned inwardly from the inner end of 
the inlet conduit, a second intermediate conduit 
having one end open and one end closed posi 
tioned concentrically and externally along a 
substantial portion of the outlet conduit, the 
effective cross-sectional area of the second in 
termediate conduit where it extends along the 
outlet conduit being substantially the same as 
the cross-sectional area of the outlet conduit, 
the closed end of the second intermediate con 
duit being positioned inwardly from the inner 
end of the outlet conduit, and an outer conduit 
positioned concentrically about and spaced 
from the two intermediate conduits and extend 
ing substantially the length of the housing, the 
e?ective cross-sectional area of the outer con 
duit where it extends along the intermediate 
conduits being substantially the same as the ef 
fective cross-sectional area of either of the two 
intermediate conduits, the outer conduit form 
ing an annular space about the two intermediate 
conduits which provides a means of communi 
cation between the open ends of the two inter 
mediate conduits. 

3. A silencer comprising a substantially cylin 
drical housing having an intake end and a dis 
charge end, an open ended gas inlet conduit posi 
tioned in the housing intake end and extending 
concentrically a substantial distance therein, the 
inlet conduit having a series of gas ports posi 
tioned around its circumference and spaced along 
a portion ofv the length thereof from its inner 
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end, the combined cross-sectional areas of the 
series of ports being substantially equal to the 
cross-sectional area of the gas inlet conduit, an 
open ended gas outlet conduit positioned in the 
housing discharge end and extending concen 
trically a substantial distance therein, the outlet 
conduit having a series of gas ports positioned 
around its circumference and spaced along a por 
tion of the length thereof from its inner end, the 
combined cross-sectional areas of the series of 
ports of the outlet conduits being substantially 
equal to the cross-sectional area of the gas out 
let conduit, a ?rst intermediate conduit having 
one end open and one end closed positioned con 
centrically and externally along a substantial 
portion of the inlet conduit, the closed end of the 
?rst intermediate conduit being positioned in 
wardly from the inner end of the inlet conduit, 
the open end of the ?rst intermediate conduit 

‘ being positioned inwardly from the intake end of 
the housing, the ?rst intermediate conduit hav 
ing a. series or" gas ports positioned around its cir 
cumference and spaced along a portion of the 
length from its open end, the combined cross 
sectional areas of the series of ports of the ?rst 
intermediate conduit being substantially equal 
to the enective cross-sectional area of the ?rst 
intermediate conduit where it extends along the 
inlet conduit, a second intermediate conduit hav 
ing one end open and one end closed positioned 
concentrically and externally along a substantial 
portion of the outlet conduit, the closed end of 
the second intermediate conduit being positioned 
inwardly from the inner end of the outlet con 
duit, the open end of the second intermediate 
conduit being positioned inwardly from the dis 
charge end of the housing, the second intermedi 
ate conduit having a series of gas ports positioned 
around its circumference and spaced along a por 
tion of the length from its open end, the com 
bined cross-sectional areas of the series of ports 
of the second intermediate conduit being substan 
tially equal to the effective cross-sectional area of 
the second intermediate conduit where it extends 
along the outlet conduit, and an outer conduit 
formed of sound absorbing material positioned 
concentrically about and spaced from the two in 
termediate conduits and extending substantially 
the length of the housing, the outer conduit form 
ing an annular space about the two intermediate 
conduits which provides a means of communica 
tion between the open ends of the two intermedi 
ate conduits. 

4. A silencer comprising a substantially cylin 
drical housing having an inlet end and a dis 
charge end, an open ended gas inlet conduit posi 
tioned in the housing intake end and extending 
concentrically a substantial distance therein, the 
inlet conduit having a series of gas ports posi 
tioned around its circumference and spaced along 
a portion of the length of its inner end, the com 
bined cross-sectional areas of the series of ports 
being substantially equal to the cross-sectional 
area of the gas inlet conduit, an open ended gas 
outlet conduit positioned in the housing dis 
charge end and extending concentrically a sub 
stantial distance therein, the outlet conduit hav 
ing a series of gas ports positioned around its 
circumference and spaced along a portion of the 
length from its inner end, the combined cross 
sectional areas of the series of ports of the gas 
outlet conduit being substantially equal to the 
cross-sectional area of the gas outlet conduit, 
the cross-sectional area of the gas inlet conduit 
being substantially equal to the cross-sectional 
area ‘of the gas outlet conduit, 2. ?rst intermediate 
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conduit having one and open and one end closed 
positioned concentrically and externally about a 
substantial portion of the inlet conduit, the closed 
end of the ?rst intermediate conduit being posi 
tioned inwardly from the inner end of the inlet 
conduit, the open end of the ?rst intermediate 
conduit being positioned inwardly from the in 
take end of the housing, the ?rst intermediate 
conduit having a series of gas ports positioned 
around its circumference and spaced along a por 
tion of the length from its open end, the com~ 
bined cross-sectional areas of the series of ports 
of the ?rst intermediate conduit being substan» 
tially equal to the eiiective cross-sectional area 
of the ?rst intermediate conduit, the effective 
cross-sectional area of the ?rst intermediate con 
duit Where it extends along the inlet conduit being 
substantially the same as the cross-sectional area 
of the inlet conduit, a second intermediate con 
duit having one end open and one end closed po 
sitioned concentrically and externally about a 
substantial portion of the outlet conduit, the 
closed end of the second intermediate conduit be 
ing positioned inwardly from the inner end of 
the outlet conduit, the open end of the second 
intermediate conduit being positioned inwardly 
from the discharge end. of the housing, the sec 
ond intermediate conduit having a series of gas 
ports positioned around its circumference and 
spaced along a portion of the length from its 
open end, the combined cross-sectional areas of 
the series of ports of the second intermediate con~ 
duit being substantially equal to the eifective 
cross~sectional area of the second intermediate 
conduit, the effective cross-sectional area of the 
second intermediate conduit where it extends 
along the outlet conduit being substantially the 
same as the cross-sectional area of the outlet 
conduit, and an outer conduit formed of sound 
absorbing material positioned concentrically 
about and spaced from the two intermediate con 
duits and extending substantially the length of 
the housing, the e?‘ective area of the outer con 
duit where it extends along the intermediate con 
duits being substantially the same as the effective 
area of either of the two intermediate conduits 
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where they extend along the inlet and outlet con 
duits, the outer conduit forming an annular space 
about the two intermediate conduits which pro 
vides a means of communication between the 
open ends of the two intermediate conduits. 

5. The silencer de?ned in claim 4 wherein the 
closed end of the ?rst intermediate conduit is 
a plate having a concave shape with respect to 
the inner end of the inlet conduit, and the closed 
end of the second intermediate conduit is a 
plate of convex shape with respect to the inner 
end of the outlet conduit. 

6. The silencer defined in claim 4 wherein the 
closed end of the ?rst intermediate conduit is 
a plate having a concave conical shape with re 
spect to the inner end of the inlet conduit, and 
the closed end of the second intermediate con 
duit is a plate having a convex partially conical 
shape with respect to the inner end of the out~ 
let conduit. ' 

7. The silencer de?ned in claim 6 wherein the 
second intermediate conduit is provided with 
means for removing accumulated condensate. 

8. The silencer de?ned in claim 1 in which the 
'- gas ports in the intermediate conduits are posi 

tioned axially outwardly substantially from the 
inner end of the series of gas ports in the inlet 
and outlet conduits, respectively. 

JOSEPH B. GAF'FNEY. 
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