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UNITED STATES PATENT office 
2,01,45 

sound ATTENJATING DEVICE 
Roland B. Bourne, Hartford, Conn, assignor to 
The Waxina Silencer Conrapasay, Hartford, Conn., 
a corporation of Connecticut; w 

Original application April 30, 1935, Seria No. 
23,085. Divisied and his application Decem 
ber 14, 1934, Serial No. 555 

10 Claims. (C. 18i-0.5) 
The present invention relates to sound attenu 

ating devices of the reactive type wherein one or more acoustic sidebranches capable of showing 
resonance phenomena are coupled acoustically 

5 to a main conducting channel or other enclosure 
wherein may occur sound waves which are to be 
attenuated. A primary purpose of the inven 
tion is to grovide acoustic sidebranches having 
anovel characteristics, and to show how the acous 

10 tic 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 character 
istics may as applied to the design of silencers 

5 for use in connection with the exhausts or in 
takes of internal combustion engines, air com 
pressors, blowers and the like, Further purposes 
and objects of the invention will be disclosed as 
the specification proceeds. - 
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 to 

25 as "linear sidebranches'. As an example of a 
Sound Wave attenuating device employing linear 
Sidebranches having progressive change of phase 
therein, reference is made to Bourne, United 
States Patent No. 1,910,672, May 23, 1933. 

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 

20 

one end, called "closed' linear sidebranches. 
When acoustic sideranches are used in connec 

35 ticra with silence's 'for internal combustion en 
gines and the like, the use of an open side 
branch may not be feasible since both exhaust 
gas as ad Sound can leave through the open end. 
The Open type sidebranch possesses certain 

40 acoustic properties, however, that nake it desir 
able from an acbustic 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 

45 natural period or frequency and also resonates to 
all Substantially 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 fundamen 

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

lating means for Sound waves associated with 
exhaust and intakes of internal combustion en 

is gines &nd the like, it is desirable to offer attenu 

ation not only to the fundamental frequency of 
the sound, out also all its overtones. It is ok 
viols that an acoustic sidebranch, which will re 
spond to and attenuate a fall series of harmonic 
tones and be entirely closed except for the point, 5 
at which it is coupled to the sound-bearing en 
closure 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 ful: series of harmonic over- G 
tones, both ever, 2nd Odici. 

I have discovered that a sidebranch in the form. 
of a complete cone, open to the main sound chans 
nel at its large end and of course closed off at 
its pointed end, will respond to and attenuate 5 
a complete series of harmonic overtones which 
are substantially multiples of the lowest fre 
quency for yhich it resonates. In One aspect of 
the invention employ such complete cones as 
closed linear Sidebranches in an acoustic silenc- 26 
ing device, these sidebranches responding to and 
attenuating 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 25 
Of the conical sidebranches and all substantially 
integral multiples thereof, both even and Odd. In 
another aspect of the invention I employ as side 
Sanches, in an acoustic silencing device, struc 
tures having a cross sectional area decreasing 30 
With the distance from their junction point with 
the grain channel, sufficiently slender to give 
substantial attenuation to at least one consecu 
tive gyertone of their fundamental frequency, 
and having an opening into the main channel 35 
large enough to make the sidebranch operate 
Snainly as a linear acoustic element. 

Referring to the drawing, 
Fig. shoYs a truncated cone with open base, 

acoustically coupled to a main conducting chan- 40 
3Rei Fig. 2 SOWs a complete circular cone, Con 
tinued to the apex, acoustically coupled at its 
Boase to a main coducting channel; 

Fig. 3 shows in diagrammatic form a sound 45 
attenuating device embodying a single complete 
Cogne Oge at its case; Y 

Fig. 4 is a section on line 4-4 of Fig. 3; 
Fig. 5 shows a sound wave attenuating device 

embodying a conical and a closed cylindrical side- 50 
branch; and 

Fig. 6 shows theoretical operating character 
istics of the device illustrated in Fig. 3. 

his application is a division of my prior appli 
cation Serial No. 23,085, filed April 30, 1934. SS 
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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 side 
branches in general can be completely expressed 
in terms of the acoustic impedance "looking 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 aci from the apex and a 
slant length of aca-aci may be mathematically 
shown to be 

X z.--ife 
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: 
Z=acoustic impedance looking into the side 

branch. 
f=frequency of sound wave. 
ag=2arf. 
C=velocity of sound in the medium. 

Po=mean pressure of the sound transmitting 
medium. 
?y-ratio of the specific heat of the medium at 

constant pressure to that at constant volume or, 
for waves of large amplitude, a function of this 
ratio. 
p=density of the medium. 
31=slant distance from the apex of the cone 

to its closed end (see Fig. 1). 
ata=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 certain side 
branches to be described below, the area depends 
upon the distance from the channel in a some 
what 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 different 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 determining many of the acousti 
cal characteristics of either truncated or complete 
i connected to the channel at their large 

Os. 

In Fig. 2, the truncated cone of Fig. 1 is con 
tinued to the apex. In this figure, the cone 43 
of length is is acoustically coupled to the main 
conducting channel 44. In this case, ac=0, 
whence, substituting for 32 its equivalent Le, 
Equation (1) reduces to 

(2) 

sin(x-x)+cos(x-x) 
d X 2 

sin(x,- X) +: cos(x,- X) - cos(x, X) +x,xssin(x, - X) 

it is proper to first investigate the performance 

2,017,745 
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ac 
tan-- 
tan (3) s 

1- ow-c 
C 

To find the natural frequencies of such a cone, we place Zs=0. 
To satisfy this relationship, 

Z. FivP.np 
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tan--- O 

s 
ovX (1) 

whence 
L 
g-r, 2, 3ar etc. = n.ar 

where n is any positive integer, either even or 
odd. Therefore 

2. 
L =ne 

2 

a result identical to that applying to a cylindrical 
tube open at both ends commonly called an 
"open" tube. 
We now have an acoustical resonating device, 

completely closed except for an opening whereby 
it may be acoustically coupled to a main conduct 
ing channel and capable of being used to atten 
uate 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- 40 
cal single frequencies of resonance but also upon 
neighboring frequencies. 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 
certain specific arrangements will be shown. 
In order to show the attenuating effect of a 

complete cone acoustically coupled to a main 
conducting channel upon sound waves therein, 

50 
of a single such sidebranch, coupled to a rela 
tively long main conducting channel. The at 
tenuation iri decibels may be shown to be 

Nodb=10 to () (-; i) (4) C 
where S2 is the area of the base of the cone. 

S1 is the area of the main conducting 
channel. 

A plot of Equation (4) is shown in Fig. 6, for the 
condition that S2/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 cas 
ing after the manner shown in Fig. 3. In this 
embodiment, the cone 4S is supported within 
the casing 4 in any convenient manner making 
due allowance for the passage of gas between 
the base of the cone and the casing and between 
the end of the cone and the header 4. The spe 
cific supporting construction is not shown in 
detail as it is not necessary for a complete un 
derstanding of the invention. It is seen that the 
open base of the cone is located directly opposite 

70 
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2,017,745 
to and closely adjacent the opening in the header 
4 leading into the channel 48 which forms part, 
of the main conducting channel through the de 
vice. In this particular embodiment of the in 
vention, the space between the outside of the 
Cone and the inside of the shell or casing is uti 
lized to the purpose of attenuating sounds of rel 
atively high frequency, such as bang and hiss 
noises usually associated with internal combus 
tion engine exhausts. . . have shown a simple 
baffle plate system 49 to represent such a high 
frequency attenuating means. Many arrange 
merats 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 56 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. 
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. 6 it is seen that maxi 
Inum attenuation occurs at values of 

8E-1, 2T, 3r, 4r, etc. 
Which is the Sane as would be obtained for a 
'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 side 
oranch does not offer attenuation to zero fre 
gency, the attenuation decreasing continuously 
from a high value at 

to zero at 

as shown. The points of Zero attenuiation are not 
midway between the points of maximum attenua 
tion, as they are in the case of the “open' cylin 
drical sidebranch, but are displaced slightly 
therefron, the displacement becoming less as tie 
frequency increases. It can be shown, by a con 
sideration of Equation (4) that the condition for 
Zero attenuation is given by the relation 

colic coic 
an-, - F--- 

The first few roots of this equation are known 
to be 

0, 1.4303rr, 2.459, 3.471ar 
It is seen that these successive values show a 
decreasing difference from the midway points, 

65 

70 

5 

namely 1.5ir, 3.5m, etc. approaching 

2 

as a limit, where 72 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 use 
fulness, in attenuating sounds of many fre 
quencies, of the device for which the curve shows 
operating characteristics, it is frequently desir 
able to make S2 as large compared with S1 as is 
commercially feasible with proper regard for 
the limitations imposed by acoustic theory. 

3 
Fig. 5 shows a special embodiment of the in 

vention wherein use is made of One conical side 
branch 9 of length, L, in conjunction with one 
cylindrical closed sideorarch 9 of length. Li, both 
suitably mounted and disposed within a casing 92 5 
having a centrally disposed inlet connection 93 
and an eccentrically disposed outlet connection 
94. The cone 9 has a simple baffle system 95 
attached thereto, after the manner of the device 
shown in Fig. 3. This arrangement of the inte- 0 
rior of the device permits the use of water adi- . 
mixed with the exhaust gas and the automatic 
draining thereof when the silencer is suitably 
installed. It provides a continuous band of at 
tenuation over the frequency, spectrum, with peaks 5 
of attenuation in harmonic relation whereby 
proper design causes known frequencies in the 
exhaust to suffer maximum attenuation. 

clair: 
3. A Silencing device comprising a main sound. 20) 

conducting channel, and a closed cylindrica: 
sidebranch and a closed conical sidebranch 
acoustically coupled to said channel at points 
Spaced along its length. 

2. A silencing device comprising a closed cy- 25 
lindrical sidebranch and a closed conical side 
branch open at its base, both of said sidebranches 
being acoustically coupled to 8 main sound con 
ducting channel exteriorly disposed with respect 
to Said Sidebranches, 
3. A silencing device comprising a cylindrica 

casing having a centrally disposed inlet opening, 
an eccentrically disposed outlet opening, a gas 
and Sound conducting channel adjacent said 
casing, an interiorly and coaxially disposed cy. 36 
lindrical casing, open at One end and closed at 
the other, an interiorly and coaxially disposed 
conical casing with open case, whereby are 
formed two closed acoustic sidebranches each of 

3) 

which is acoustically coupled to said sound con- 40 t 
ducting channel at substantially different points 
along the lengt; thereof. 

4. A silencing device in accordance with claim. 
3 wherein the closed cylindrical sidebranch and 
the closed conical sidebranch are of Substantially 5 
equal length. 

5. A silencing device according to claim 3 
wherein the closed cylindrical sidebranch is coul 
pled to said Sound conducting channel at a point 
adjacent the eccentrically disposed outlet open- 50 
ing and wherein the ciosed conical sidebranch is 
coupled to said channel at a point intermediate 
the length thereof. 

6. A silencing device comprising a conduit, a 
cylindical sidebranch open at One end and lo- 55 
cated within the conduit so as to form an an 
nular conducting channei between it and the 
conduit, said cylindrical sidebranch being open 
at One end and closed at the other and having 
its open end opening towards one end of the 60 
conduit, and a closed conical sidebranch located 
Within the conduit SO as to form an annular 
conducting channel between it and the conduit, 
said conical sidebranch, beirig spaced along the 
axis of the conduit with respect to the cylindri- 65 
cal sidebranch, and having an open base open 
ing towards out Spaced from the closed end of 
the cylindrical sidebranch. 

. A silencing device comprising a main sound 
conducting channel, a closed cylindrical side- 0 
branch, and a closed conical sidebranch, said 
sidebranches being acoustically coupled to said 
channel at points Spaced along its length, and 
having substantially equal acoustic lengths. 

8. A silencing device comprising a conduit, a 75 
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closed cylindrical sidebranch having one open 
end, and a closed conical sidebranch having its 
base open, said sidebranches being arranged co 
axially within the conduit so as to form an an 
nular acoustic channel between them and the 
conduit. 

9. A silencing device cornprising a conduit, a 
closed cylindrical sidebranch having one open 
end, and a closed conical sidebranch having its 
base open, said sidebranches being of Substan 
tially equal acoustic length and being arranged 
coaxially within the conduit So as to form an 
annular acoustic channel between them and the 
conduit. - 

2,017,745 
10. A silencing device comprising a conduit, 

a closed cylindrical sidebranch having one open 
end, and a closed conical sidebranch having its 
base open, said sidebranches being of substan 
tially equal acoustic length and being arranged 
coaxially within the conduit so as to form an . 
annular acoustic channel between them and the 
conduit with the open ends of the sidebranches 
coupled to the acoustic channel at points Spaced l 
apert along its length. 

ROLAND B. BOURNE. 
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