
Nov. 30, 1937. R. B. BOURNE 2,100,655 
SOUND ATTENUATING DEVICE 

Original Filled Aug. 9, 1935 

/26 
va /2.5 /29 

NVENTOR 

BY /oza/vdAAovarave 

O 62-6 O M 2- 22 3 2 5 ATTORNEY 

  



Patented Nov. 30, 1937 --- 

UNITED STATES 

2,100,655 

PATENT OFFICE 
2,100,655 

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

Original application August 9, 1935, Serial No. 35,428. Divided and this application October 26, 1935, Serial No. 46,846 
14 Claims. 

The present invention relates to sound attenu 
ating devices, such as are used for example in 
silencing noisy engine exhausts and the like. 
Such silencing devices make use of so-called side 

5 branches which are acoustically coupled to a main 
Sound conducting channel to produce attenuation 
of Sound Waves therein, either by a relatively di 
rect interaction between the channel and the 
sidebranch or by the somewhat more complex 

10 action of a wave filter where a plurality of side 
branches are spaced apart along the main chan 
nel by distances bearing a definite relation to the 
major sound waves to be attenuated. 

I have discovered that a very material saving 
l6 of space in commercial silencer construction can 

be obtained by folding the sidebranch back upon 
itself one or more times, the successively folded 
portions being generally coaxial and of progres 
sively increasing or decreasing diameter. The 
invention finds use primarily in so-called linear 
sidebranches, which by reason of their length 
being material in proportion to the wave length 
of the particular sound waves under considera 
tion possess attenuating properties which are 
functions of the length of the sidebranch rather 
than its Volume. In particular the utility of the 
invention Will be especially marked in the case of 
a linear sidebranch closed at its end and folded 
upon itself in such a mannel as to retain sub 
stantially the linear characteristics of a side 
branch of the same total overall length; although 
Some of the structural advantages of the inven 
tion may be applied to sidebranches of the com 
pound resonator type, where two or more sepa 
rately acting resonators are connected in series 
by a restricted conducting passage. Acoustically 
these two types of sidebranch are wholly distinct, 
but in the manner in which space in construction 
is saved the invention presents features affecting both types. 
Sidebranches folded on themselves in Such a 

Way that they preserve the characteristics of a 
Single resonator of the same total acoustic length 
will be referred to throughout this specification 
as reflexed sidebranches. Careful tests With 
such sidebranches show that it is readily practi 
cable to calculate their acoustic properties in Sub 
stantially the same manner as though they were 
not reflexed, provided that proper care is given 
to the design of the sidebranch at the point 
where reflexing occurs So that the device is not 
converted into a compound resonator. Reflexed 
linear acoustic Sidebranches are substantially as 
effective in attenuating pertinent Sound frequen 
cies in a main acoustic channel to which the side 
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branch is acoustically coupled as are non-reflexed 
sidebranches of the same frequency character istics. 
One main advantage of a reflexed linear side 

branch is seen to be in the saving in length. In 
cases where a limited space is available for in 
stallation purposes, the use of reflexed side 
branches permits the attenuation of lower fre 
quencies than would otherwise be possible. For 
a sidebranch reflexed once, the saving in length is 
substantially fifty percent. The cross sectional 
area of the reflexed sidebranch is generally made 
the same as that of a non-reflexed sidebranch in 
order to secure the same acoustic properties, 
since the reflexing is done coaxially this results 
in a greater overall diameter for the silencer; but 
the diameters of silencers employing linear side 
branches are usually relatively small so that this 
offers no serious objection. Furthernore, the di 
ameter is not increased in the same proportion as 
the length is decreased, since the areas of the 
passages are functions of the Squares of their di 
ameters. I have found that it is desirable to 
make the cross Sectional area of the reflexed side 
branch a function of the length of the sidebranch 
in the same manner as in the case of a non-re 
flexed sidebranch of the same acoustic properties. 
This applies to tapered sidebranches as Well as to 
those of uniform cross sectional area. Slight 
variations of the form of the sidebranch from 
what would be given by a strict adherence to 
theory are of relatively slight importance. 

Reflexed sidebranches may be used in conjunc 
tion with an associated main channel to form any 
type of selective acoustic device that can be 
formed with non-reflexed linear sidebranches. 
They may be used in connection with other kinds 
of Sidebranches and with folded or reflexed main 
channels. Two reflexed sidebranches may be 
disposed in parallel or one non-reflexed side 
branch may be disposed in parallel with a re 
flexed sidebranch. Other advantages and ap 
plications are disclosed as the Specification pro 
ceeds or will be apparent to those skilled in the 
art from the following description. 

Referring to the drawing, 
Figs. 1 to 4 inclusive are diagrammatic views 

showing the application of the invention to closed 
reflexed linear sidebranches of non-uniform CrOSS 
Sectional area; 

Fig. 5 is a similar view showing the applica 
tion of the invention to combinations of closed 
reflexed linear sidebranches partly of uniform. 
and partly of non-uniform cross sectional area; 

Figs. 6 and 7 are similar views showing further 
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applications of the invention to combinations of 
reflexed linear sidebranches partly of uniforn 
and partly of non-uniform cross sectional area; 
and - Fig. 8 is a graph showing the frequency vs. at 
tenuation characteristics of the embodiment of 
the invention shown in Fig. 4. . The present application is a division of my co 
pending application Serial No. 35,428, filed August 
9, 1935, on which Patent No. 2,075,265 issued 
March 30, 1937. 

Unless otherwise stated, the term casing as 
used herein includes an inlet opening and an 
outlet opening in the respective ends thereof. 
The embodiments of the invention herein shown 

are largely schematic and all are shown as en 
ploying circular cross. Sections. 
outlet connections may be pipe flanges, sleeves or 
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any other suitable arrangement for connecting 
the device to a conduit wherein sound Waves may 
OCC. 
In a refiexed sidebranch which is functioning 

linearly the sound wave encounters no changes 
in acoustic impedance which are not functions 
of the distance along the Sidebranch from its 
point of coupling to the main channel. In this 
way the acoustic operation of the reflexed side 
branches which form the subject of the present 
invention is distinguished from the action of 
compound resonators, in which two or more side 
branches are coupled in series to the main chan 
nel. The separate sidebranches of a compound 
resonator are connected by an acoustic element of 
relatively low conductivity, the sound wave en 
countering at the connecting zone a relatively 
Sudden change of impedance which is no longer 
a function of the distance from the point of cou 
pling to the main channel. Structurally some of 
the features of the present invention may find 
use in the application of compound resonators as 
silencing devices, but the acoustic operation of 
the structural features when arranged to func 
tion as a single reflexed sidebranch is wholly dis 
tinct from what it would be when arranged to 
function as two or more separate sidebranches 
in series or, in other words, a compound reso 
nator. The difference in action may be produced 
by a relatively slight structural change, such as 
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substituting a restricted conductivity for the 
evenness of the cross sectional area, preserved 
throughout the reflexed portion of the reflexed 
main channel; but acoustically it results in en 
tirely different effects. - 
The principle of reflexing is applicable to closed 

linear sidebranches whose areas change as a func 
tion of distance along their lengths. For instance, 
a complete closed circular cone with open base has 
many useful acoustic properties, as has been de 
scribed in my Patent No. 2,017,744, granted Oc 
tober 15, 1935. One disadvantage in using conical 
Sidebranches comes from the fact that they are 
Substantially half a wave length long for their 
fundamental response frequency, as compared to 
a closed cylinder which is only one-fourth wave 
long for its fundamental frequancy, and therefore . 
require a longer physical structure to attenuate 
the same Sound frequency. The fact. that the 
conical Side branch responds to a full integral 
Series of overtones is, however, of great acoustic 

be shortened in the 

importance. I have found that the acoustic prop 
erties of such a sidebranch are in no wise ma terially altered by reflexing while the length can 

Sane Way as a cylindrical 
sidebranch. Fig. 1 shows a simple application of a reflexed 

The inlet and 
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conical sidebranch. It comprises a cylindrical 
casing 95, an interiorly and coaxially disposed 
coinical member 86 closed at its Small end by a 
transverse header 8 and an iniher complete cone 
68. The various members are so proportioned 
that the cross sectional area of the sidebranch 
so formed varies with distance from the coupling 
Zone 9 at the base of the cone to the apex. Sub 
stantially after the manner for a true cone... For 
example, the annular opening 3, the peripheral 
opening , and the open end 2 of the cone 
08 are each substantially equal to one-fourth 

of the area of the opening 9. The above de 
scribed reflexed conical sidebranch is coupled 
to the main conducting channel 3 at the an 
nular opening 9. The acoustic length L of the 
reflexed sidebranch is approximately equal to the 
sum of the slant heights of the two cones 66 
and 8. The frequencies of maximum attenu 
ation are given by 

coL 
c -1, 2, 3, 4, etc. (1) 

A closed conical sidebranch may be reflexed 
more than once without jeopardizing its opera 
tion acoustically. Figure 2 shows an embodiment. 
of the invention employing an acoustic conical 
sidebranch reflexed twice along its length. It 
comprises a casing 5, and an interiorly disposed 
sidebranch unit made up of a conical member 3 
; : 6 closed at its smaller end by the transverse 
header i?, a conical member 3 nested within 
the member 6 and closed at its Smaller end by 

() 

the transverse header 9, and a conical member 
28 nested within the member 8. These three 
members are so proportioned that the acoustic 
passage along the sidebranch suffers a progressive 
change in cross sectional area, after the manner 
of a simple true circular conse but with no abrupt 
changes due to the folded construction. The cross 
section areas at the points of reflexure 24, 22. 
are made according to the area a true cone would 
have at the corresponding distance from the 
open end. It will be seen that the sidebranch is 
coupled to the main channel 23 through an an 
nular opening 24. The acoustic performance of 
such a sidebranch is very closely equivalent to 
that of a corresponding simple non-reflexed cone. 

Fig. 3 shows an end-pipe silencer suitable for 
intakes where no further piping beyond the si- . 
lencer is used and is particularly adapted to 
attenuating simile noises largely inade up of a 
series of harmonically related overtones. It com 
prises a pipe 25 to which is adjustably affixed 
a transverse header 26 carrying a short cylin 
drical member 3, affixed at cine end to the 
header, and having attached to its other end 
the single reflexed conical sidebranch 28. The 
cylijder 2 extends a short distance beyond the 
inner end of the centraily disposed conduit 25 
and the reflexed conical sidebianch properly be 
gins at the region denoted by the junction zone 
A3 between said cylinder 2 and the conical 
section 28. The main channel comprises the 
interior of the conduit, 25, a partion of the in 
erior of member 22 between the end of the 
pipe 35 and the zone. 23, the annular space 
between the members 25 and 2, and a suitable 
opening or series of openings 30 in said cylin 
der 2 and located adjacent the header 26. 
his Sidebranch is coupled to the aforenen 

tioned nain channel at a point where the lat 
- ter is reflexed after the manner described in 
iny copending application Serial No. 14,370. 
The opsnings 33 night be placed in the header 
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2,100,655 
26 without changing the action in any way. By 
making the header 26 adjustable along the 
length of the pipe 25 it is possible to tune this 
sidebranch to existing noises within certain lim 
its by varying the length of the interior of the 
cylinder 2 adjacent the Zone f29 Which acts 
as a part of the sidebranch. 

Fig. 4 shows an embodiment of the invention 
Wherein use is made of two reflexed conical side 
branches acoustically coupled to a main Sound 
conducting channel at Spaced points along its 
length. It comprises a cylindrical casing 35, 
and two coaxially and interiorly disposed re 
flexed conical sidebranches 36, 37 respectively, 
each having a common transverse header 38. 
By making the respective acoustic lengths Lig 
and I 3 equal, there results an acoustic wave filter 
which operates in accordance with the following: 

- rs 9-1-LS sin ol.1/r ol.2, 1 
Cosh ?y = Cos C 2S, Sin C (e C i) (2) 

C 

wherein L1-the length of the main channel be 
tween sections 

S2= the cross sectional area at the en 
trance to the sidebranches 

S1= the croSS Sectional area of the main 
channel. 

The transverse header 38, being of less diam 
eter than the open bases of the cones, produces 
a contracted space around the cones which, in 
this embodiment, I have utilized for the intro 
duction of a certain amount of acoustic resist 
ance distributed along the main channel 39. 
This resistance is in the form of suitable sound 
absorbing material shown at 49 and held in 
place by a perforated cylindrical member 4, 
giving sound waves access to the absorbent ma 
terial within. The amount of sound absorbing 
material used depends upon the size of the de 
vice. . The major function of the sound absorb 
ing. material is to prevent series resonance in the 
main channel 39. Series resonance in sound 
attenuating devices is likely to result in reduced 
attenuation peaks especially if the resonant fre 
quencies occur at or near the resonant frequen 
cies of the sidebranches. The actual acoustic 
performance of a device built in accordance with 
Fig. 4 is shown in Fig. 8. The amount of sound 
absorbing material used was small although its 
effect becomes increasingly important with 
higher frequencies as is shown by the increased 
minima, in the dips of the curve. The important 
fact to be noted in this curve is that the atten 
luation peaks occur at values of 

(UL 
trC 

equal Substantially to 1, 2, 3, etc. A solution of 
Equation (2) shows that maximum attenuation 
occurs at points slightly below those above re 
ferred to, the difference becoming less as the term 

1. 
oL 
C. 

becomes Smaller. he slope of the low fre 
quency side of the attenuation peaks is less than 
the slope of the high frequency side due to the 
fact that the length of the main channel L1 is 
Slightly greater than the acoustic length of the Sidebranches. 

Fig. 5 shows how a reflexed linear sidebranch 
of uniform cross sectional area may be em 

3 
ployed in connection with a reflexed Sidebranch 
of non-uniform cross sectional area, to obtain de 
sirable mechanical and acoustic characteristics. 
A cylindrical casing 65 contains a reflexed coni 
cal sidebranch 46 and a reflexed cylindrical 
Sidebranch 4. The transverse header 48 con 
mon to both sidebranches is of such a diameter 
that the necessary area relations as previously 
pointed out are preserved in both the conical 
sidebranch 4 and the cylindrical sidebranch 
: . The maximum cross Sectional area of the 
conical sidebranch, for this disposition, is twice 
the constant cross sectional area of the cylin 
drical sidebranch. Attenuation peaks occur at Values of 

col 
trC 

equal to .5, 1.0, 1.5, 2.0, etc., L being the acoustic 
length, identical for each sidebranch. It will 
be Sean that the acoustic collpling to the main 
Sound conducting channel 43 is very favorable 
especially for Sound Waves entering the device 
in the direction shown by the arrow 39. Each 
Sidebranch provides attenuation in such a, nan 
her that their combination produces no pass 
bands having theoretically zero attenuation. 

Fig. 6 shows how the principle of the invention 
may be applied to a spark catcher type of ex 
haust silencer. 
cal casing 35 having a top header 36 with a 
Suitable outlet connection ST and a botton 
header 68 with an eccentrically disposed inlet 
Connection 69. An intermediate header 0 hav 
ing a centrally disposed opening therein Sup- : 
ports an upWardly extending centially disposed 
tubular conduit 2. Said conduit, 3 extends 
to a point in adjacency to the header 63 leav 
ing a slot-like opening 3 which gives access 
to the reflexed acoustic sideblanch i A of acoustic 
length L. Depending dow; in Waid fl'or the interior 
transverse header 7 is a cylinder 5 at the 
lower end of which and mounted exterior there 
of is a spinner assembly 6, tine outside of which 
Supports a short cylindrical member extend 
ing down a short distance below said spinner 
aSSenably. A reflexed conical sidebranch 3 ex 
tends from the bottom of the cylinder to the 
bottom header 68, the latter in this case forming 
the reflexing point. The acoustic length of the 
Sidebranch 8 is generally made equal to that 
of sidebranch 4. The operation of the device 
is as follows. The exhaust gas bearing objection 
able Sound waves enters the device through the 
botton inlet 59, passes upward around the 
Side of the conical sidebranch 3, is deflected 
downward by the transverse partition: ; through 
the Spinner assembly 3, &hance passes upward 
through the enlarged channel 9 formsd by the 
Cylinder 5, thence through the opening it into 
the channel 3 formed by the tubular conduit 
2 and so on out through the outlet, opening 
8. The sound waves suffer attenuation due to 

the reflexited coinical sidebranch 8 and the re 
flexed cylindrical sidebranch which, it, Will 
be seen, are Spaced apart along the main conduct 
ing channel. The entrained dirt, sparks, etc. are 
thrown out of the gas stream by being downward 
ly directed by the Spinner assembly 8 into the 
Sidebranch 8 from whence they may be re. 
noved through a suitable handhoe 8 A. 

Fig. 7 shows a further modification of the in 
Vention employing three reflexed sidebranches. 
This embodiment is particulariy useful in cases 
where the length is of importance. Attenuation 

The device comprises a cylindri- : 
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4. 
is provided for three sets of integrally related 
sound frequencies and no sound frequency can 
pass through the device without suffering sub 
stantial attenuation. It comprises a casing 85 
having end headers 86, 87, and suitable inlet 
and outlet connections. Affixed to the header 
86 is an interiorly disposed cylinder 88 which 
extends to a point in adjacency with the header 
87. Nested Within the cylinder 88 and affixed to 
the header 87 is a cylinder 89, extending there 
from to a point in adjacency to the header 86. 
There is formed thereby the reflexed cylindrical 
sidebranch. 9 of acoustic length 2L acoustically 
coupled to the main sound conducting channel 
9 through the slot-like opening 92. Coaxially 
mounted within this structure is a unit similar 
to that shown in Fig. 5 comprising the reflexed 
cylindrical sidebranch 93 and the reflexed coni 
cal sidebranch 94. Each of these tWO side 
branches has an acoustic length L. Attenuation 
maxima, occur at Values of 

col 
at C 

equal to .25, .50, .75, 1.0 etc. The main conduct 
ing. channel 49 is largely annular in form and 
has acoustically coupled to it the three reflexed 
Sidebranches as ShoWn. 
I claim: 
1. An acoustic sidebranch in the form of a com 

plete closed cone with open base nested within a 
truncated conical member closed at its smaller 
end, the apex of the cone being positioned toward 
the large end of said truncated conical member 
and the open base of said cone being in adjacency 
to the small end of said truncated conical mem 
ber. 

2. A closed acoustic sidebranch having a con 
tinuously decreasing cross sectional area as a 
function of distance from its open end and be 
ing reflexed concentrically upon itself. 

3. A closed acoustic sidebranch comprising a 
complete closed cone with open base nested With 
in a truncated cone having one open end and 
one closed end, with the open end of the complete 
cone positioned near the closed end of the 
truncated cone, thereby forming an outer tapered 
annular passage in series with an inner tapered 
circular passage, the cross Sectional area of the 
passage at the point of coupling between the two 
passages being substantially one-quarter of the 
cross sectional area of the open end of Said 
truncated conical member. 

4. An acoustic silencing device comprising a 
casing having inlet and outlet openings at its 
ends, a pair of frusto-conical members located 
within the casing, and converging away from 
the ends thereof, the inner ends of Said members 
being closed, and the outer ends being Spaced 
from the inside of the casing to provide an annu 

- lar main sound conducting channel, and a com 
piete cone located Within each frusto-conical 
member with its open larger end adjacent the 
smaller end of the frusto-conical member, there 
being a passageway between the inside of each 
complete cone and the annular space between 
said cone and the inside of the corresponding 
frusto-conical member of Substantially the same 
croSS Sectional area, as that of the inside of the 
Open end of the complete cone. 

5. An acoustic silencing device comprising a 
casing having inlet and outlet openings at its 
ends, a pair of frusto-conical members located 
within the casing and converging away from the 
ends thereof, the inner ends of said members 

2,100,655 
being closed and abutting each other, and the 
outer ends being spaced from the inside of the 
casing to provide an annular main Sound con 
ducting channel, a complete cone located within 
each frusto-conical member with its open larger 
end adjacent the Smaller end of the frusto-coni 
cal member, there being a passageway between 
the inside of each complete cone and the annular 
space between said cone and the inside of the 
corresponding frusto-conical member of Substan 
tially the same cross sectional area as that of the 
inside of the open end of the complete cone, a 
perforated member joining the larger ends of the 
two frusto-conical members and bridging the con 
tracted area between them, and a mass of Sound 
absorbing material located between said perfo 
rated member and the exterior of the tWo frusto 
conical members. 6. An acoustic Silencing device Comprising a 
main sound conducting channel, and a reflexed 
sidebranch of uniform cross sectional area and a 
reflexed sidebranch of constantly decreasing croSS 
sectional area acoustically coupled to the main 
channel at points spaced along the length thereof. 

7. An acoustic silencing device comprising a 
main sound conducting channel and a reflexed 
sidebranch of uniform cross sectional area and a 
reflexed sidebranch of constantly decreasing CrOSS 
sectional area, each having the same acoustic 
length and acoustically coupled to the main 
channel at points spaced along the length thereof. 

8. A sound attenuating device comprising three 
nested shells, the space within the innermost shell 
constituting a main sound conducting channel, 
end closures extending from the outermost shell 
to the inner shell, an intermediate shell extend 
ing from, one of Said end cloSures to a point in 
adjacency with the other of said end closures 
whereby is formed a closed acoustic sidebranch of 
uniform area, throughout its length, the Space be 
tween said outer shell and said intermediate shell 
constituting one section of said sidebranch, the 
space between said intermediate shell and said 
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inner shell constituting another section of said 
sidebranch, said inner shell being provided with 
an opening whereby said main channel is acous 
tically coupled to said sidebranch. 

9. An acoustic silencing device comprising a 
casing, a frusto-conical member located within 
the casing so as to form an annular Sound Con- ; 
ducting channel and having its smaller end ad 
jacent one end of the casing and its larger end 
in communication. With the annular channel, a 
complete cone located within the frusto-conical 
member in such a manner as to form therewith a 
reflexed conical sidebranch, a sound conducting 
channel disposed coaxially within the casing and 
in communication both with the annular sound . . 
conducting channel and with the open end of the 
reflexed conical sidebranch, and a reflexed an 
nular cylindrical sidebranch located within the 
casing and around the coaxial channel, said an 
nular sidebranch being acoustically coupled to 
the coaxial portion of the main sound conducting 
channel in a region spaced from the coupling of 
said portion of the channel to the conical side 
branch. 10. An acoustic silencing device comprising a 
reflexed main channel and a reflexed sidebranch 
acoustically coupled to the main channel at the 
point of reflexure of the channel. 

11. An acoustic silencing device comprising a 
casing having inlet and Outlet openings at the 
ends thereof, a cylindrical and a frusto-conical 
member joined end to end with the small end of 
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the frusto-conical member abutting one end of 
the cylindrical member, a partition located within 
and dividing said members at their junction, said 
members being located coaxially with the casing, 
a second cylindrical member with one closed end 
located within the casing so as to form an annu 
lar sound conducting channel between it and the 
casing and so as to be telescoped over the first 
cylindrical member, the annular Space between 
the two telescoped members, the gap between the 
open end of the first cylindrical member and the 
inside of the closed end of the second cylindrical 
member, and the interior of the first cylindrical 
member being of Substantially the same cross 
Sectional area, and a complete cone located with 
in the frusto-conical member with its open end 
directed towards the partition, there being a pas 
Sage connecting the interior of the cone with the 
annular Space between the COne and the frusto 
conical member located adjacent the open end of 
the cone and of substantially the same cross sec 
tional area. 

12. An acoustic silencing device comprising a 
casing, headers closing the ends of the casing, and 
cylindrical shells extending alternately from one 
header and terminating short of the opposing 

S 
header to form a plurality of coaxial chambers 
connected together in reflexed fashion, the spac 
ing of the shells from each other and from the 
headers being such that the several chambers and 
the passages connecting them all have substan 
tially the same cross sectional area. 

13. An acoustic silencing device comprising a 
casing, a reflexed annular sidebranch structure 
located within the casing and forming the Outer 
boundary of an annular main sound conducting 
channel, and a reflexed cylindrical sidebranch 
structure and a reflexed conical sidebranch struc 
ture mounted coaxially within the casing and 
forming the inner boundary of the main channel, 
said several sidebranches being acoustically cou 
pled to the main channel at points Spaced along 
the length thereof. 

14. A closed acoustic sidebranch comprising a 
truncated conical shell closed at its small end, 
and a second conical shell closed at its small end 
and located Within the first shell spaced from the 
closed end thereof, the two shells tapering in 
opposite directions and having their dimensions 
So proportioned as to attenuate frequencies 
related to each other as 1:2:3:4; etc. 

ROLAND B. BOURNE. 
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