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ABSTRACT OF THE DISCLOSURE 
An exhaust system for automotive vehicles having a 

muffler provided with an inlet connected to an exhaust 
pipe and an outlet connected to a tailpipe. Said muffler 
has at least one sound attenuating chamber which is 
acoustically coupled to said inlet and outlet and which is 
connected to one of said exhaust and tailpipes adjacent a 
sound pressure point therein. 

BACKGROUND OF THE INVENTION 

In the fabrication of automotive exhaust systems it 
has been the conventional practice to employ a muffler 
connected at its inlet to an exhaust pipe and at its outlet 
to a tailpipe. Said muffler has one or more sound at 
tenuating chambers acoustically coupled to said inlet and 
outlet for attenuating the noise level of the exhaust gases 
flowing through the muffler. As will be understood from 
known principles of acoustics, the exhaust and tailpipes 
have resonant harmonic frequencies. Each such harmonic 
has specifically located maximum sound pressure points 
along the lengths of the pipes, the locations and numbers 
of such points being a function of the particular harmonic. 
However, since these maximum pressure points are lo 
cated along the lengths of the exhaust and tailpipes, the 
muffler in a conventional exhaust system is not acousti 
cally coupled to either the exhaust or tailpipe at these 
maximum sound pressure points to effect the maximum at 
tenuation of the sound wave frequencies producing them. 

Therefore, this invention relates to a muffler and ex 
haust system in which the muffler is provided with a 
plurality of sound attenuating chambers acoustically 
coupled to an exhaust and tailpipe and to a maximum 
sound pressure point in at least one of said exhaust and tailpipes. 

SUMMARY OF THE INVENTION 

According to the preferred form of the invention, there 
is provided an exhaust pipe adapted to be connected at 
one of its ends to an exhaust gas manifold and at its op 
posite end to the inlet of a muffler. A tailpipe is connected 
at one of its ends to the outlet of the muffler and has its 
opposite end located at a suitable gas discharge point. 

Said muffler is provided with a plurality of sound at 
tenuating chambers acoustically coupled to its inlet and 
outlet for attenuating the noise level of the exhaust gases 
flowing through said muffler. One of said chambers is 
connected by an elongated conduit to a maximum sound 
pressure point in said exhaust pipe, and another one of 
said chambers is connected by a second elongated con 
duit to a maximum sound pressure point in said tailpipe 
for attenuating the noise level of the frequency producing 
said pressure points. - 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings illustrate the invention. In 

such drawings: 
FIG. 1 is a fragmentary isometric view of an ex 

haust system embodying the invention; and 
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2 
FIG. 2 is an enlarged longitudinal section of the muffler 

shown in FIG. 1. 
DETAILED DESCRIPTION 

As shown in FIG. 1, an exhaust pipe 10 is adapted to be 
connected at one of its ends to an exhaust manifold 12 
by a conventional mounting flange 14. The opposite end 
of said pipe is connected to the inlet nipple 15 of a muffler 
16. Said muffler is provided with an outlet nipple 17 con 
nected to a tailpipe 18 which, in the embodiment illus 
trated, has its discharge end open to atmosphere. 
As shown in FIG. 2, the muffler 16 comprises an elon 

gated shell 20 closed at one of its ends by an end cap 22 
supporting the inlet nipple 15 and closed at its opposite 
end by an end cap 24 supporting the outlet nipple 17. 
Abaffle plate 25 is mounted in the shell 20 adjacent end 
cap 22 to cooperate with said end cap to form a resonator 
chamber 26. In a similar manner, a baffle plate 28 is 
mounted within the shell adjacent end cap 24 to cooperate 
with said end cap to form another resonator chamber 30. 
A second pair of baffle plates 31 and 32 are mounted in 
spaced relation to each other to form an enlarged resona 
tor chamber 33, with plates 31 and 25 defining an end 
chamber 34 and plates 32 and 28 defining an end cham 
ber 35. 
A tube 37 having openings 38 formed therein is 

mounted in the plates 31 and 32 and is connected to the 
inlet nipple 15. A shell 40 is mounted on tube 37 and 
has portions thereof spaced from said tube whereby the 
openings 38 and the spaces between said tube and shell 
form a plurality of tuned resonators. A second tube 42 
is mounted in the plates 31 and 32 and is provided with 
a plurality of openings 43. Still a third tube 44 is mounted 
in the plates 31 and 32 and is connected at one of its ends 
to the outlet nipple 17. As shown, tube 44 has a first set 
of openings 46, and the openings 46 and the openings in 
tube 42 cooperate with the chamber 33 to form a tuned 
resonator chamber. A second set of openings 48 are pro 
vided in tube 44 and cooperate with a shell 50 mounted 
on tube 44 and having portions thereof spaced from 
said tube whereby said openings 48 and the spaces be 
tween said tube and shell form additional tuned resona 
tOrS. 

As will be understood from well-known principles of 
acoustics, the exhaust pipe 10 and tailpipe 18 each have 
certain harmonic characteristics. Each harmonic in each 
of the pipes will have specifically located maximum sound 
pressure points along the length of the pipe, the number 
of such pressure points and their location being a func 
tion of the particular harmonic involved. For example, 
the third harmonic will have three maximum pressure 
points along the pipe which will occur at points spaced 
from either end of the pipe by distances of one-sixth, one 
half, and five-sixths of the pipe length. In general, such 
maximum pressure points are spaced from an end of the 
pipe by fractions L of the pipe length according to the 
formula: 

2n-1 
2. 

where n is the harmonic number and m is every integer 
between and including 1 and n. 

In order to attenuate the sound wave frequencies creat 
ing some of these maximum sound pressure points, a 
conduit 53 is mounted in end cap 22 with one of its ends 
opening into the chamber 26 and its opposite end con 
nected to and opening into the exhaust pipe 10 adjacent 
one of the maximum sound pressure points. In a similar 
manner, an elongated conduit 54 is mounted in end cap 
24 with one of its ends opening into chamber 30 and its 
opposite end connected to and opening into the tail pipe 
18 adjacent one of the Sound pressure points. Thus, the 
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conduits 53 and 54 constitute elongated resonator throats 
interconnecting their resonator chambers 26 and 30 to 
the exhaust and tailpipes. The resonators formed by the 
conduits 53 and 54 and chambers 26 and 30 are tuned 
to attenuate the frequencies creating the sound pressure 
points to which the conduits are connected by selecting 
conduits with the proper lengths and cross-sectional ex 
tents and providing said chambers with the proper vol 
umes according to standard acoustical engineering. 

Changes in the speed of sound resulting from changes 
in temperature of the medium in which the sound waves 
are carried will also cause the maximum sound pressure 
points to be displaced along the lengths of the pipes 10 
and 18 from their theoretical locations. Thus, in the 
normal operation of an automobile where the exhaust 
gases will range in temperature from about 200 F. when 
the engine is cold to about 1700 F. when the engine is 
hot, the maximum sound pressure points in the pipes 
are subjected to substantial longitudinal displacement 
along the pipes. Therefore, the conduits 53 and 54 are 
connected to the pipes 10 and 12 at the locations where 
the sound pressure points are displaced by reason of the 
temperatures of the exhaust gases. While the resonators 
formed by the conduits 53 and 54 and their respective 
chambers will effect maximum attenuation if said con 
duits are located precisely at the maximum pressure 
points, they will, of course, still operate at high attenu 
ating efficiencies if said conduits are located adjacent 
such pressure points. For example, it has been found 
that the resonators will operate at not less than 90% 
efficiency if the conduits are located at any point within 
a distance from the true maximum pressure point equal 
to one-twentieth of the length of the sound wave pro 
ducing the pressure point. 

While the invention has been illustrated as having a 
pair of resonators connected to pressure points in the 
exhaust and tailpipes, it is to be understood, of course, 
that it may be desirable to only attenuate a pressure 
point in one or the other of said exhaust and tailpipes, 
and thus only one such resonator need be employed. It 
is to be further understood that the number and con 
figuration of the other tuned resonators within the muf 
fler will vary with the acoustical characteristics of the 
exhaust gas source and the attenuation desired. 

I claim: 
1. An exhaust system for automotive vehicles, com 

prising an exhaust pipe, a tailpipe, and a muffler having 
an inlet connected to Said exhaust pipe and an outlet 
connected to said tailpipe, said muffler having a plu 
rality of sound attenuating chambers acoustically coupled 
to said inlet and outlet, at least one chamber in said 
muffler having an elongated throat connected directly 
to at least one of said exhaust and tailpipes at a sound 

3,447,629, 

10 

15 

25 

30 

40 

45 

50 

Wave pressure point therein, said throat and chamber 

4. 
being tuned to the frequency producing said pressure 
point. 

2. An exhaust system for automotive vehicles, com 
prising an exhaust pipe, a tailpipe, and a muffler having 
an inlet connected to said exhaust pipe and an outlet con 
nected to said tailpipe, said muffler having a plurality 
of sound attenuating chambers acoustically coupled to 
Said inlet and outlet, said muffler having a first chamber 
having an elongated throat connected directly to said 
exhaust pipe adjacent a sound wave pressure point there 
in and a second chamber having an elongated throat con 
nected directly to said tailpipe adjacent a sound wave 
pressure point therein. 

3. A muffler, comprising an outer shell, a pair of end 
caps mounted on said shell closing the ends thereof, inlet 
and outlet nipples, a pair of gas-carrying pipes connected 
to said nipples, means in said shell forming at least one 
sound attenuating chamber therein acoustically coupled 
to said inlet and outlet nipples, and a conduit mounted 
in one of Said end caps and acoustically coupled to at 
least one chamber in said muffler, said conduit extending 
outwardly from said muffler for connection to one of 
said gas-carrying pipes at a sound wave pressure point 
therein, said conduit and the chamber to which it is 
coupled being tuned to the frequency producing said 
pressure point. 

4. A muffler, comprising an outer shell, a pair of end 
caps mounted on said shell closing the ends thereof, 
inlet and outlet nipples mounted in said end caps, a pair 
of gas-carrying pipes connected to said nipples, means 
in said shell forming at least a pair of sound attenuating 
chambers therein acoustically coupled to said inlet and 
outlet nipples, and a pair of conduits mounted in said 
end caps acoustically coupled to a pair of said chambers 
and extending outwardly from said muffler for connection 
to Said pair of gas-carrying pipes at sound wave pres 
sure points therein. 
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