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United States Patent Office 2,720,935 
Patented Oct. 18, 1955 

2,720,935 
SLENCING OF SOUND 

Alf Lysiolm, Goteborg, Gustav Karl William Boestad, 
Lidiago, and Hans Robert Nilsson, Stockholm, Sweden, 
assigao's, by mesne assignments, to Jarvis C. Marble, 
New York, N. Y., Leslie M. Merrill, Westfield, N.J., 
and Percy H. Batten, Racine, Wis., trustees 
Application August 30, 1950, Serial No. 187,114 

23 Claims. (CI. 181-56) 

The present invention relates to the silencing of sound 
and has particular reference to the silencing of sound 
resulting from the intake or exhaust of gaseous media to 
or from displacement engines such as internal combustion 
engines, compressors and similar machines and dynamic 
engines such as rotary centrifugal or axial flow compres 
sors and the like. 

Engines of the kind mentioned, either because of the 
intermittent nature of their operation or because of the 
high flow velocities developed in the blading systems, 
emit strong sound comprising varying tone frequencies 
which bear a substantially fixed relation to the speed of 
operation of the machine. The noise level of such sound 
is often so high as to be intolerable when the machine 
is located in normal locations and in extreme cases may 
be such as to be physically injurious to humans. Con 
sequently, effort is made to absorb the sound energy by 
appropriate silencing means. Since only an extremely 
small portion of the sound energy is transmitted to the 
exterior of the machine via the material of the housing, 
while by far the greater part is emitted via the supply 
or discharge conduit, the most important factor to be 
considered in obtaining the desired silencing is that of 
providing effective silencing means for the conduits to 
prevent emission of objectionable sound waves from the 
conduit mouths. 

Earlier known embodiments of silencers for the above 
mentioned purposes base their construction either on the 
fact that a medium flowing in a conduit, while passing 
through a grid with small slits or due to abrupt changes 
in the flow area and/or the direction of the flowing 
medium, or by having the flow area divided into a great 
number of tubular channels with small diameter, loses 
part of its sound or oscillation energy; or the medium is 
caused to flow through a double-walled tube, the inner 
wall of which is perforated and the space between the 
two walls is filled with a porous sound-absorbing mass. 

Silencers of the first mentioned kind have, however, 
a relatively high flow resistance, which in turn results 
in a rather considerable increase in the power consump 
tion, or decrease in the power output, as the case may 
be, of the machine involved. Silencers of the latter type 
with perforated inner wall and sound-absorbing mass 
have a smaller flow resistance than silencers of the first 
mentioned kind, but their use is limited to relatively high 
frequencies, since they cannot suppress the lower fre 
quencies. Furthermore, he latter type of silencer re 
quires more space. 
A silencer embodying the present invention, which is 

particularly adapted to be built into conduits as well as 
into mouth silencers, effects, practically without any addi 
tional flow losses of the working fluid, an effective sound 
absorption of the tone frequencies which it is desired to 
eliminate. At the same time the construction is char 
acterized by great simplicity and it requires small space 
in comparison with known devices for the desired pur 
pOSe. 

Fundamentally, according to the invention, members 
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are used for damping the oscillation energy in a medium, 
the natural frequency of said members coinciding with 
the frequencies of the oscillating medium, and the silenc 
ing method according to the invention is substantially 
characterized by the fact that the particles of the oscil 
lating medium are caused to activate chambers com 
municating with a narrow or slit-shaped flow channel 
for the oscillating medium, the natural frequencies of 
said chambers entirely or partially coinciding with the 
frequencies of the oscillating medium. 

In order to obtain such members the invention pro 
vides for the use of open pipes closed at one end, said 
pipes being filled by the medium to be silenced and 
brought into oscillation by the same, said oscillations ex 
tinguishing by resonance the tone frequencies which cor 
respond to the natural number of oscillations of the pipes. 
Such pipes being easy to calculate for different frequencies 
(their length should be equal to 4 of the wave length 
of the oscillation to be damped) and cheap to manu 
facture, it does not present any difficulties to build silenc 
ers for the frequencies in question. 
The invention will be described hereinafter with ref 

erence to the accompanying drawings, which by way of 
example illustrate Some preferred embodiments of silenc 
ers according to the invention. 

In the drawings, 
Fig. 1 is a longitudinal section of an embodiment of a 

silencer according to the invention; 
Fig. 2 is a modification of said embodiment; 
Fig. 2a is a fragmentary section on enlarged scale 

showing a modified form of structure applicable to the 
tubular elements shown in the remaining figures; 

Fig. 3 shows, likewise in longitudinal section, another 
embodiment; 

Fig. 3a is a fragmentary section on enlarged scale show 
ing a modified form of mounting for the silencing struc 
ture shown in the remaining figures; and 

Fig. 4 shows a further embodiment. 
The silencer illustrated in Fig. 1 consists of a circular 

plate 1, to one side of which is fixed a number of con 
centrically arranged cylindrical walls 2 of varying length, 
said walls forming pipes closed at one end by the plate 1, 
the innermost pipe being the longest one and the outer 
most pipe being the shortest one, said pipes having differ 
ent natural frequencies determined by their respective 
lengths. Moreover, the pipes are designed in such a 
manner that the cross sectional areas of the different 
chambers formed by the pipes are substantially of equal 
value and preferably about half as great as the sectional 
area of the flow through the silencer for the oscillating 
medium. The latter should be of substantially constant 
cross sectional area through the silencer. The circular 
plate i carrying the pipes is formed at its circumference 
with a flange 3 projecting upwardly in the longitudinal 
direction of the pipes and intended to form a support for 
the plate i in a surrounding housing 4 by means of a 
number of radially arranged bolts 5. This housing 4 is 
provided with a connecting flange 6 and in the opposite 
direction connected with a conically shaped casing 7 which 
is provided with an opening 8. When such a silencer is 
used as a mouth silencer its opening 8 is thus connected 
to the inlet conduit of the machine the sound waves of 
which the silencer is intended to damp, the air flowing 
through the silencer entering the narrow annular opening 
9 between the flange 3 and the housing 4. The sound 
waves emanating from the machine are then damped by 
the pipes which are filled with stationary air. However, 
this type of silencer may also with advantage be con 
nected to the outlet conduit of the machine by connecting 
said conduit to the opening 8 of the conical casing 7. The 
Sound waves from the machine during the flow of the gas 
or the air through the silencer will, just as in the previous 
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case, be damped by means of the pipes which are open to 
Wards the outlet of the machine. , - . . X - . . . . 

The embodiment shown in Fig. 2 in which elements cor 
responding to those in Fig. 1 are designated by the same 
reference numerals, differs from the embodiment accord 
ing to Fig. 1 substantially in that the conical casing is pro 
vided with double walls. Said casing consists of an inner 
wall 10, which is provided with perforations, and an outer 
housing 11 between which is a space filled with a porous 
sound-absorbing material 2, e.g. asbestos, glass wool or 
the like, for damping those frequencies which are not ex 
tinguished by the pipes. Numeral i3 denotes a cover 
which by means of screws 4 is screwed on to the hous 
ing 1 and rests against the end portion of the inner 
wal. 19. 
The embodiment illustrated in Fig. 3 acts fundamentally 

in the same marrier as the embodiments described in Figs. 
1 and 2. The silencer shown in Fig. 3, which is provided 
with pipes 15, 16 fixed on both sides of a cylindrical plate 
17 and thus have their openings directed in opposite direc 
tions, offers, however, as mentioned above, that advantage 
over the other embodiments that the volume becomes 
small for a certain number of pipes of given dimensions. 
By this arrangement the diameter of the silencer can thus 
be considerably reduced. Furthermore, due to the double 
cone shape obtained according to this embodiment the 
inlet and outlet openings 8 and 8 respectively may be 
made equal. Moreover, in this embodiment the outer 
housing consists of a cylindrical part 19 and of two conical 
casings 20 and 2 connected to said part 19. 
The embodiment of silencer shown in Fig. 4 is also char 

acterized by a small building-in volume, which is obtained 
due to the fact that the base plate (1 and 17, respectively, 
in Figs. 1-3) which carries the different open pipes, is 
replaced by a conically shaped plate 22 to which the pipes 
23 are fixed and arranged in such a manner that the 
silencer body also in this case has a double cone shape. 
Like the embodiment according to Fig. 3, this embodiment 
also can with advantage be built in at any point in a con 
duit. Also in this case the inlets as well as the outlets 8 
and 18 of the same can be made equal and provided with 
flanges for direct connection. Moreover, this embodiment 
offers the advantage that the conically shaped plate 22 
which carries the open pipes 23, is very rigid although it is 
of considerably smaller thickness than the circular plates 
1 and 17, respectively, which is used in the other embodi 
ments for carrying the pipes. Furthermore, the conical 
shape Suitable for the flow is obtained automatically in 
this case. 

In all the embodiments the conical silencer body is sur- : 
rounded by a housing in such a manner that a flow channel 
is formed between the housing and the envelope surface 
touching the free end edges of the different pipes. Accord 
ing to the invention this channel should be dimensioned 
in such a manner that the radial distance from a free pipe 
edge to said housing always is small in relation to the 
length of the respective pipe, the length of the pipe prefer 
ably being at least Several times that of said radial distance. 

in preferred embodiments, the length of the sound 
damping chambers form a series with the lengths 1, 4, 5/3, 
4, 6 and so on, where 1 corresponds to 4 of the wave 
length of the fundamental tone in the oscillation which it 
is desired to damp and 3/2 corresponds to 4 of the first 
harmonic and so on, said arrangement being suitable when 
the oscillation to be damped has known and constant wave 
lengths emanating, for example, from a compressor driven 
at constant speed. Furthermore, the free end portions of 
the pipes may be streamlined, e. g. by applying a stream 
lined thickened portion on the outside of the pipes, as 
shown in Fig. 2a. By this arrangement it is obtained that 
at a certain pressure drop in the silencer great flow 
velocities can be maintained and that in connection there 
with according to the principle of the invention all the 
dimensions, except the length, can be reduced. The in 
vention comprises also such an embodiment in which the 
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4. 
oscillating chambers connected to a slit-shaped channel are 
placed approximately at a right angle to the flow direction. 

Naturally, the invention is not restricted to the embodi 
ments now described and disclosed but it may be varied 
in many ways within the scope of the invention. For ex 
ample, instead of concentric pipes, parallel pipes or cells 
arranged beside each other may be used. Furthermore, 
the inner sound-absorbing body may be carried by the sur 
rounding housing by means of sound-insulating members, 
e.g. so-called silent blocks, as shown in Fig. 3a. 
What is claimed is: 
1. A silencer for damping sound producing oscillations 

in a body of gaseous fluid comprising wall means pro 
viding a path of flow for fluid, and means within said 
wall means providing a plurality of coaxial annular nested 
chambers of constant cross sectional area for the major 
portions of their lengths closed at one end and open at 
the other and having different natural frequencies, said 
chambers having their open ends in communication with 
said path of flow at places closely adjacent to said wall 

earIS. - 

2. A silencer as defined in claim 18, in which the last 
mentioned means provides a series of chambers having 
lengths in the relation of 1, 2, /3, 4, and /6 and so on 
where 1 corresponds to 4 of the wave length of the funda 
mental tone of a sound producing oscillation of said fluid, 
% corresponds to 4 of the wave length of the first har 
monic and so on. 
3. A silencer of the character described comprising a 

casing and a plurality of cylindrical pipes arranged co 
axially in radial spaced relation within said casing, said 
pipes being closed at one end and open at the other end 
and being arranged with their open ends spaced from said 
casing to provide a path of flow of relatively narrow cross 
Section as compared with its cross sectional width for 
flow of a gaseous fluid through the silencer between said 
casing and the open ends of said pipes. 

4. A silencer as defined in claim 3, in which said 
pipes are of different lengths bearing a predetermined 
relation to the fundamental tone of a known sound produc 
ing oscillation of the fluid to be passed through said path 
of flow. 

5. A silencer as defined in claim 3, in which said pipes 
are of progressively different lengths arranged with the 
open ends thereof ini axially spaced relation so that the 
envelope surface of the open ends of the pipes varies in 
diameter along its length. 

6. A silencer as defined in claim 5, in which said cas 
ing encircles the envelope of the open ends of said pipes 
in Spaced relation thereto to provide an annular path 
of flow varying in diameter with the variation in diameter 
of said envelope. 

7. A silencer of the character described comprising a 
casing and a plurality of cylindrical pipes arranged co 
axially in radial spaced relation within said casing, said 
pipes being closed at one end and open at the other end 
and being arranged with their open ends spaced from 
Said casing to provide a path of flow of relatively narrow 
cross Section as compared with its cross sectional width 
for flow of a gaseous fluid through the silencer between 
said casing and the open ends of said pipes, said pipes be 
ing of progressively different lengths arranged with the 
open ends thereof in axially spaced relation so that the 
envelope surface of the open ends of the pipes varies 
in diameter along its length, said casing encircling said 
envelope in spaced relation thereto to provide an annular 
path of flow varying in diameter with the variation in 
diameter of said envelope and said envelope and the por 
tion of the casing surrounding the same being of conical 
form. 

8. A silencer as defined in claim 7, in which the radial 
distance between said envelope and the surrounding por 
tion of the casing varies inversely with the diameter of 
the envelope. 

9. A silencer as defined in claim 8, in which the lengths 
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of the pipes are at least several times the radial distance 
between the envelope and the casing. 

10. In a silencer of the character described a casing and 
a plurality of cylindrical pipes within said casing, said 
pipes being closed at one end and open at the other and 
of different lengths and providing resonating chambers of 
substantially equal cross sectional area and of different 
natural frequencies, the open ends of said pipes being 
spaced from the casing to provide a path of flow there 
between for a sound producing oscillating gaseous fluid. 

11. A silencer of the character described comprising a 
casing open at both ends for flow of a sound producing 
gaseous medium, a supporting member mounted within 
said casing and extending transversely thereof in gen 
erally spaced relation to the casing to provide for flow 
of fluid past the perimeter of said member, and a plu 
rality of pipe elements of different lengths extending 
axially of the casing and supported at one end by said 
member, the supported ends of said elements being closed 
and the opposite ends being open and in spaced relation 
to said casing to provide an annular path of flow for said 
fluid past the open ends of said pipe elements. 

12. A silencer as defined in claim 11, in which said pipe 
elements are arranged coaxially in radially spaced rela 
tion to provide a series of annular resonating chambers of 
different lengths therebetween. 

13. A silencer as defined in claim 12, in which the 
diameters of said pipe elements are so related as to provide 
resonating chambers of substantially equal cross sectional 
aca. 

14. A silencer as defined in claim 12, in which said 
supporting member comprises a plate-like structure ex 
tending transversely of said casing normal to the axis 
thereof. 

15. A silencer as defined in claim 14, in which said 
pip elements comprise two groups extending respectively 
in opposite directions from the opposite sides of said 
supporting member. 

16. A silencer as defined in claim 12, in which said sup 
porting member is of generally conical form. 

17. A silencer as defined in claim 16, in which the 
lengths of said pipe elements are so related that the en 
velope of the open ends of the pipes is of generally conical 
form and with the apex thereof pointing axially in the 
direction opposite that of the apex of said supporting 
member. 

18. A silencer of the character described comprising a 
casing having radially spaced outer and inner walls, the 
inner one of said walls being perforated, sound deaden 
ing material between said walls and a plurality of pipe 
elements within said casing, said pipe elements being 
closed at one end and open at the other and extending 
axially of said casing with their open ends in spaced re 
lation to and confronting the perforated inner wall of the casing. 

19. A silencer of the character described comprising 
a casing and a plurality of coaxially nested pipe elements 
of different lengths located in said casing, said elements 
being closed at one end and open at the other and pro 
viding resonating chambers of substantially constant and 
equal cross sectional area for the major portions of their 
lengths, the open ends of said pipe elements being in 
Spaced relation to said casing to provide between the pipe 
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6 
elements and the casing a path of flow for a sound pro 
ducing oscillating gaseous fluid, the spacing of said open 
ends from said casing being such that the cross sectional 
flow area of said path of flow is substantially constant and 
Substantially double that of the cross sectional area of 
any one of said chambers. 

20. A silencer of the character described comprising 
a casing and a plurality of coaxially nested pipe elements 
of different lengths located in said casing, said elements 
being closed at one end and open at the other end and 
providing resonating chambers of substantially constant 
and equal cross sectional area for the major portions of 
their lengths, the open ends of said pipe elements being in 
spaced relation to said casing to provide between the pipe 
elements and the casing a path of flow for a sound 
producing oscillating gaseous fluid, said pipe elements 
further being arranged with the open ends thereof axially 
spaced so that the envelope of the open ends is substan 
tially conical, the portion of the casing confronting said 
envelope being also substantially conical, whereby to 
provide a generally conical annular path of flow for said 
fluid, the radial extent of said annular path of flow vary 
ing inversely with the diameter of the annulus to provide 
a substantially constant cross sectional flow area for 
fluid along the length of the annulus and the spacing of 
said open ends from said casing being such that the cross 
Sectional flow area is substantially double that of the 
cross Sectional area of any one of said chambers. 

21. A silencer of the character described comprising 
a casing having radially spaced outer and inner walls, 
the inner one of said walls being perforated and of vary 
ing diameter axially of the casing, sound-deadening ma 
terial between said walls and a plurality of cylindrical 
pipe elements of different diameters arranged coaxially 
in radially spaced relation within said casing, said pipe 
elements being closed at one end and open at the other 
end and extending axially of said casing with their open 
ends in spaced relation to and confronting the perforated 
inner wall of the casing, said open ends being so located 
relative to each other that the envelope thereof varies 
in diameter with the variation in diameter of said inner 
wall. 

22. A silencer as defined in claim 21 in which said 
inner wall and said envelope are substantially conical. 

23. A silencer defined in claim 22, in which the radial 
distance between said envelope and said inner wall varies 
inversely with the diameters thereof. 
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