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souND ATTENUATING DEVICE 
Roland B. Bourne, Hartford, Conn., assignor to 
The Maxim Silencer Company, Hartford, Conn, 
a corporation of Connecticut , 

Original application April 30, 1934, Serial No. 
23,085. Divided and this application Decem 
ber i4, 1934, Seria No. 5,554 

8 Cains. 

The present invention relates to Sound atten 
uating devices of the reactive type wherein one 
Or more acoustic Sidebranches capable of show 
ing resonance phenomena, are coupled acousti 

closure wherein may occur sound waves which 
are to be attentuated. A primary purpose of the 
invention is to provide acoustic sidebranches 
having novel characteristics, and to show how 

10 the acoustic characteristics of these sidebranches 
may be used in connection with the design of 
Sound Wave attenuating apparatus. A further 
purpose of the invention is to show how these 
characteristics may be applied to the design of 

15 Silencers for use in connection with the exhausts 
or intakes of internal combustion engines, air 
compressors, blowers and the like. Further 
purpoSeS and objects of the invention will be dis 
closed as the Specification proceeds, 

20 The acoustic sidebranches which are the main 
Subject of this invention are designed and used 
On the basis that progressive change of phase as 
a function of distance occurs therein. For the 
purposes of the invention they will be referred 

25 to as "linear Sidebranches'. As an example of 
a Sound Wave attenuating device employing lin 
ear Sidebranches having progressive change of 
phase therein, reference is made to Bourne, 
United States. Patent No. 1910,672, May 23, i933. 

30 There are in general, two types of linear side 
branches, i. e., those open at both ends, called 
"open' linear Sidebranches and those closed at 
One end, called "closed' linear sidebranches. 
When acoustic sidebranches are used in connec 

35 tion with silencers for internal combustion en 
gines and the like, the use of an open sidebranch 
may not be feasible Since both exhaust gas and 
SOund can leave through the open end. The open 
type sidebranch possesses certain acoustic prop 

40 erties, however, that make it desirable from an 
acoustic point of view. It is well known that a 
cylindrical tube of uniform cross sectional area, 
Open at both ends, is Substantially one-half wave 
length long for its fundamental natural period 

45 or frequency and also resonates to all substan 
tially harmonic overtones thereof, both even and 
odd, whereas the closed tube of uniform cross 
sectional area is approximately one-quarter wave 
length long for its fundamental frequency, and 

50 responds to odd harmonics thereof only. 
Where reactive sidebranches are used as atten 

uating means for Sound Waves associated with 
exhaust and intakes of internal combustion en 
gines and the like, it is desirable to offer atten 

55 uation not only to the fundamental frequency of 

cally to a main conducting channel or other enr. 

(C. 181-0.5) 
the sound, but also all its overtones. It is obvious 
that an acoustic sidebranch. Which Will respond 
to and attentuate a full Series of harmonic tones 
and be entirely closed except for the point at 
which it is coupled to the sound-bearing enclo- is 
sure or conduit is very desirable. Heretofore, it 
has been impossible to combine the advantages of 
a closed linear sidebranch. With one showing a 
response to a full series of harmonic Overtones, 
both even and odd. 10 
I have discovered that a sidebranch in the 

form of a complete cone, open to the main Sound 
channel at its large end and of course closed off 
at its pointed end, will respond to and attenuate 
a complete series of harmonic overtones which is 
are substantially multiples of the lowest fre 
quency for which it resonates. In one aspect of 
the invention I employ such complete cones as 
closed linear sidebranches in an acoustic silenc 
ing device, these sidebranches responding to and 20 
attentuating in the main channel or encloSure 
to which they are acoustically coupled, bands of 
frequencies, more or less wide, corresponding to 
and dependent upon the fundamental frequency 
of the conical sidebranches and all substantially 25 
integral multiples thereof, both even and odd. 
In another aspect of the invention I employ as 
sidebranches, in an acoustic silencing device, 
structures having a cross Sectional area decreaS 
ing with the distance from their junction point 30 
with the main channel, sufficiently slender to 
give substantial attentuation to at least One Con 
secutive overtone of their fundamental fre 
quency, and having an opening into the main 
channel large enough to make the sidebranch 35 
operate mainly as a linear acoustic element. 

Referring to the dra Wing, 
Fig. 1 shows a truncated cone with open base, 

acoustically coupled to a main conducting chan 
nel; 40 

Fig. 2 shows a complete circular cone, Con 
tinued to the apex, acoustically coupled at its 
base to a main conducting channel; 

Fig. 3 shows in diagrammatic form a Sound 
attenuating device embodying a single complete 45 
cone open at its base; 

Fig. 4 is a section on line 4-4 of Fig. 3; 
Figs. 5, 6 and 7 show various forms of Sound 

wave attenuating devices employing different 
types of conical or conico-annular sidebranches; 50 
and 

Fig. 8 shows theoretical operating characteris 
tics of the device iliustrated in Fig. 3. 
This application is a division of my prior ap 

plication Serial No. 723,085, filed April 30, 1934. 55 



2 
In order to understand the operation of the 

devices of the invention it is useful to make 
use of impedance relations, since the operation 
of sidebranches in general can be completely ex 

5 pressed in terms of the acoustic impedance "look 
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ing into' the branch. 
For a truncated cone such as is shown in Fig. 

1, the impedance per unit area at the base, or 
point of coupling to the main channel 40, in 
terms of the dimensions of the cone 4 having a 
partition or header 42 a distance ac from the 
apex and a slant length of aca-aci may be mathe 
matically shown to be 

sin (x-x)+.. COs & (x-xi) 2=-VPy . y 
sin c (x-x) +1. COS 

In the above equation the symbols have the 
following significances, which hold true also for 
the further equations below with the changes 
and additions there noted: 
Zs=acoustic impedance looking into the side 

branch. 
f=frequency of sound wave. 

C=velocity of sound in the medium. 

Po=mean pressure of the sound transmitting 
nedium. - 

y=ratio of the specific heat of the medium a 
constant pressure to that at constant volume 
or, for waves of large amplitude, a function of 
this ratio. 

=density of the medium. 
aci=slant distance from the apex of the cone 

to its closed end (see Fig. 1). 
22=slant distance from the apex of the cone 

to its junction with the main conducting channel, 
allowing for any necessary end correction. 

It may be noted, in order to permit comparison 
with formulas for other types of silencing units 
given by different authors, that 

In Fig. 1 the conical sidebranch is connected to 
the main channel at its larger end, and dimin 
ishes in cross sectional area in a direction away 
from the main channel. In the case of a true 
cone this change in cross sectional area is a 
simple function of the distance, while for cer 
tain sidebranches to be described below, the 
area. depends upon the distance from the chan 
nel in a somewhat more complex manner. It 
should be noted particularly that the sidebranch 
decreases in area in a direction away from the 
main channel, as the performance is entirely dif 
ferent if the cone is turned with its small end 
toward the channel. As will now be shown 
Equation (1) may be used as the basis for deter 
mining many of the acoustical characteristics 
of either truncated or complete cones connected 
to the channel at their large ends. 
In Fig. 2, the truncated cone of Fig. 1 is con 

tinued to the apex. In this figure, the cone 43. 
of length Le is acoustically coupled to the main 
conducting channel 4. In this case, ac1=O, 
whence, substituting for aca its equivalent Lee, 
equation (1) reduces to 

1. 
de 

Zs-iProcot"-i. (2) 

neighboring frequencies. 

2,017,748 
O 

tan 

(3) 
- cLe 

2. C 

To find the natural frequencies of such a cone, 
we place Z=O. 
To satisfy this relationship, () 

Tan st-o 
15 

(1) 
c w (x-x) - tg (x-r) + xix, sin (x-x.) 

whence 
coL. 20 

-=r, 2, 3, 
etc.-nar where n is any positive integer, either 
even or odd. Therefore 

L.-n; 25 
a result identical to that applying to a cylin 
drical tube open at both ends commonly called 
an “open' tube. 

I now have an acoustical resonating device, 
completely closed except for an opening where 
by it may be acoustically coupled to a main con 
ducting channel and capable of being used to at 
tenuate certain groups of sound frequencies com 
prising a fundamental group and all multiples 
thereof, both even and odd. The use of the term 
group rather than frequency is justified by the 
fact that resonating devices of the acoustic type 
exert their influence not Only upon the theoreti 
cal single frequencies of resonance but also upon 

the exact nature of 
the behavior of this type of resonating device 
under various conditions will be disclosed as the 
specification proceeds, and the advantages of cer 
tain specific arrangements will be shown. wa 
In order to show the attenuating effect of a 

complete cone acoustically coupled to a main con 
ducting channel upon sound waves therein, it is 
proper to first investigate the performance of 
a single such sidebranch, coupled to a relatively 
long main conducting channel. The attenuation 
in decibels may be shown to be 

ol. 1 
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- - SY Cot namma - Ndb= 10 logio +(i) ( i) (4) 55 
where. Sa is the area of the base of the cone. 

Si is the area of the main conducting chan 
nel. A plot of Equation (4) is shown in Fig. 8, so 
for the condition that Sa/S1=4. 
In order to obtain a larger area for the base of 

the cone than exists in the main conducting 
channel, the cone may be disposed within a 
casing after the manner shown in Fig. 3. In 
this embodiment, the cone 45 is supported within 
the casing 46 in any convenient manner, mak 
ing due allowance for the passage of gas be 
tween the base of the cone and the casing and 
between the end of the cone and the header 47. 70 
The specific supporting construction is not shown 
in detail as it is not necessary for a complete 
understanding of the invention. It is seen that 
the open base of the cone is located directly op 
posite to and closely adjacent the opening in the is 
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header 47 leading into the channel 48 which 
forms part of the main conducting channel 
through the device. In this particular embodi 
ment of the invention, the space between the 
outside of the cone and the inside of the shell 
or casing is utilized to the purpose of attenuating 
Sounds of relatively high frequency, such as bang 
and hiss noises usually associated with internal 
combustion engine exhausts. I have shown a 
simple baffle plate System, 49 to represent such a 
high frequency attenuating means. Many ar 
rangements of passageways, partitions, etc. may 
be used to advantage in this regard. The apex 
of the cone may be supported either by brackets 
or by a partition 50 extending from the casing 
to the cone and having therein holes 5 for the 
passage of the gas therethrough. It is theoreti 
cally preferable, in this and other embodiments, 
that the sidebranch retain its conical shape up 
to the point of coupling to the main channel. In 
some cases, however, it may be desirable for con 
structional reasons to depart from the normal 
conical shape adjacent the ZOne of coupling. The 
departure from the theoretical response occa 
sioned by this slight change in shape will in most 
cases be of no practical consequence. 

Referring again to Fig. 8 it is seen that maxi 
mum attenuation occurs at values of 

8E -r, 27t, 37, 47t, 
etc., which is the same as would be obtained for an 
"open' cylindrical tube of the same length. Such 
a tube would have an attenuation peak at zero 
frequency. It is to be noted that the conical 
sidebranch does not offer attenuation to zero 
frequency, the attenuation decreasing Continu 
Ously from a high value at 

O. Zero at 

as shown. The points of zero attenuation are 
not midway between the points of maximum at 
tenuation, as they are in the case of the “open' 
cylindrical sidebranch, but are displaced slightly 
therefrom, the displacement becoming less as 
the frequency increases. It can be shown, by a 
consideration of Equation (4) that the condi 
tion for zero attenuation is given by the relation 

cole sole tan C - C 

The first few roots of this equation are known 
to be 0, 1.4303rr, 2.459N, 3,471 Tr. It is seen that 
these successive values show a decreasing dif 
ference from the midway points, namely 1.5m, 
3.5m, etc. approaching 

2 

as a limit, where n is any Odd integer. It is to 
be noted at this time that the area under the 
curve is larger as the ratio S2/S1 is made greater; 
and, since this area represents a measure of the 
usefulness, in attenuating sounds of many fre 
quencies, of the device for which the curve shows 
operating characteristics, it is frequently desira 
ble to make S2 as large compared with S as is 
commercially feasible with proper regard for the 
limitations imposed by acoustic theory. 

Fig. 5 shows an extremely simple embodiment 
... of the invention comprising a casing 96, a main 

3 
conducting channel 9 centrally disposed within 
said casing and of such length that openings are 
left whereby the two sidebranches 98, 99 are 
acoustically coupled to the channel 9 as shown. 
Said sidebranches 98, 99 are formed by a conical 
member 00 extending from one end of the con 
duit 97 to the inside of the casing 96 at a point 
Opposite the other end of the conduit 97 and may 
be described as being of conico-annular form. 
These sidebranches, it has been found by ex 
perience, conspire to offer maximum attenuation 
in the main conducting channel to sound fre 
quencies substantially the same as those fre 
quencies which would be highly attenuated by 
truncated true cones, closed at the small end, 
open at the base, and having a ratio between the 
area of the base and the area of the header 
forming the truncated cone, of 9:1. The im 
pedance of such a truncated cone may be written 

col. cjL. 
1+ cot C. 

** all 21 C 3 cotic 
(7) 

The resonating frequencies for such a side 
branch are given by 

2 tan F-9 - an c = 

The roots of this equation are found to be ap 
proximately 73rt, 1.62n, 2.58, 3.57t. For high 
frequencies, it is seen that these values approach 
the value 

2 

where n is odd, and therefore, for high orders of 
Overtones, the device behaves, insofar as attenua 
tion peaks are concerned, substantially as a closed 
cylindrical sidebranch. The points of zero at 
tenuation may likewise be shown to occur at 
values of 

coL 
=nr 

where n is any integer. Where two such side 
branches are separated a distance L, along a 
main conducting channel, as in Fig. 5, the de 
vice forms a wave filter, the transmission and 
attenuation characteristics of which are given 
approximately by . 

2 co, 2 c). 

3.Etie-Scott 
- E-S, ...L - C (9) 

cosh r=cos S. sinc 1+2, 
tic cot 

A consideration of Fig. 5 further discloses that 
the larger the ratio Sa/S1, the more nearly the 
Operation of the sidebranch 99 approaches that 
of a true complete cone, while the operation of 
the Sidebranch 98 approaches that of a cylinder. 
As has been shown previously, the combination 
of a cone and cylinder to form acoustic side 
branches results in useful frequency-attenua 
tion characteristics. 

Fig. 6 shows a sound wave attenuating device 
émploying a number of conical members nested 
together at their respective apexes, within the 
casing 0. The cones O2, 03, O4, 05 and 
06 each form a true conical sidebranch coupled 

to the main conducting channel which in this 
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Case is the annular space between the bases of 75 
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4. 
the various cones and the inside of the casing 
f0. By properly choosing the dimensions for 
the various components of the device it is pos 
sible to offer attenuation to a very wide band 
of sound frequencies. 
In Fig. 7 a similar arrangement of conico 

annular sidebranches is shown. The casing fo 
houses truncated conical members f, 2, 3, 
f 4 and 5 each of which has a different de 
gree of conicality. The Small ends of the conical 
members are left open for the passage of gas 
Straight through the device. The conico-annular 
Sidebranches thus formed simulate truncated 
cones. Suitable choice of dimensions for the vari 
ous elements of the device results in relatively 
high attenuation over a wide band of sound fre 
quencies. In this device, as well as in the device 
of Fig. 6, considerable attenuation to Sound Waves 
of high frequency such as hisses and the like is 
afforded due to the large amount of Surface ex 
posed to such sound waves and to the shape of 
the sidebranches. 
I claim: 
1. A sound wave attenuating device compris 

ing a casing and at least three chamber defining 
members arranged within the casing in annularly 
nested relation, at least one of Said members 
being conical in form, said members being con 
nected to the casing and to each other So 
as to define a main sound conducting channel 
and a plurality of closed acoustic sidebranches 
acoustically coupled thereto. 

2. A sound wave attenuating device compris 
ing a main acoustic channel and a plurality of 
annularly nested conico-annular sidebranches 
acoustically coupled thereto. 

3. A sound wave attenuating device comprising 
a generally cylindrical casing. a centrally dis 
posed sound conducting channel extending co 
axially therethrough and a pair of closed acoustic 
sidebranches nested within said casing and 
acoustically coupled to said sound conducting 
channel at either end thereof, the cross sectional 
area of said sidebranches continuously decreas 
ing with distance from their respective points of 
coupling to said channel. 

4. A sound wave attenuating device comprising 
an outer shell, an inner coaxially disposed tube 
or conduit extending therethrough, end closures 

2,017,748 
extending from said outer shell to said inner 
conduit, an opening at each end of said inner 
conduit and a coaxially disposed conical shell 
extending from said inner conduit at a point 
adjacent to and inside of one of said openings 5 
to said outer shell at a point adjacent the other 
of said openings. 

5. A sound attenuating device comprising three 
nested shells, the innermost of said shellsforming 
a conduit for the passage of gas and sound, the 10 
space between said inner shell and the interme 
diate shell forming a closed acoustic sidebranch 
acoustically coupled to one end of said inner con 
duit, the space between the outer shell and said 
intermediate shell forming a closed acoustic side- 15 
branch acoustically coupled to the other end of 
Said inner conduit, the cross Sectional area of 
each of said sidebranches decreasing continuously 
with the distance from the said points of coupling 
to said inner conduit. 20 

6. A sound attentiating device comprising a 
cylindrical casing having an opening in each 
end thereof, and a plurality of inter-nested com 
plete cones with open bases interiorly and Co 
axially disposed within said casing, the respec- 25 
tive bases of said cones being of smaller diameter 
than said casing whereby is formed an annular 
path for gas and sound adjacent said casing and 
a plurality of closed acoustic sidebranches 
acoustically coupled thereto at intervals along 30 
the length thereof. . 

7. A sound attenuating device in accordance 
With claim 6 wherein the Cones are So disposed 
that the apex of one cone is nested within the 
apex of another cone. 35 

8. A sound attenuating device comprising a 
cylindrical casing having an inlet opening in One. 
end and an outlet opening in the other end, a 
plurality of truncated conical members nested 
at their respective bases at one end of the in- 40 
terior of said casing, said truncated conical men 
bers being of different lengths and forming a 
centrally disposed main conducting channel to 
which are acoustically coupled a plurality of 
closed acoustic sidebranches of different lengths 45 
and of continuously decreasing cross Sectional 
area as a function of the distance from said main 
conducting channel. 

ROLAND B. BOURNE. 
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