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This invention relates to an acoustically treated gas
pipe, and more particularly to a pipe for use in associa-
tion with internal combustion engines for conveying the
exhaust gases therefrom and for attenuating the noise
level of said gases.

It is an object of our invention o provide a gas pipe
which in addition to providing a means for conveying the
exhaust gas emanating from an internal combustion en-
gine will attenuate the noise level of such exhaust gases,
which will effect such sound attenuation over a wide
range of frequencies, which will have limited space re-
quirements, and which will provide an effective thermal
insulation for hot exhaust gases.

In carrying out our invention in its preferred form, we
provide an outer pipe having a coaxially aligned inner
pipe carried within it and forming the main gas-flow pas-
sage. The inner pipe is provided with a plurality of
axially spaced groups of perforations, each of said groups
of perforations extending circumferentially around said
inner pipe. A fibrous acoustical liner is interposed be-
tween each of the perforated areas of the inner pipe and
the inner walls of the outer pipe. Each of these acoustical
liners has an axial extent corresponding to that of the
group of perforations about which it is mounted whereby
each of said liners forms a sound attenuating medium in
communication with the main gas-flow passage, and acts
in.combination with a pair of adjacent liners to define a
pair of axially spaced resonating chamber volumes inter-
posed between the inner and outer pipes. The porous
nature of the liners further permits them to function as
volume throats operatively interconnecting the resonating
chamber volumes with said main gas-flow passage where-
by said volumes act in combination with the liners to at-
tenuate the noise level of the exhaust gases passing
through said inner pipe. ’

Preferably, additional attenuation is effected by per-
forating the inner pipe substantially continuously along its
bent portions and interposing an acoustical liner between
said perforated areas and the cuter pipe.

Other objects and features of our invention will become
apparent from the more detailed description which follows
and from the accompanying drawing, in which:

- FIG. 1 is a fragmentary view partially in section show-
ing an exhaust pipe embodying our invention;

FIG. 2 is an enlarged fragmentary longitudinal section
of the exhaust pipe shown in FIG. 1; and

FIG. 3 is an enlarged vertical section taken on the line
3—3 of FIG. 1.

In the operation of a conventional internal combustion
engine in an automobile, the combustion of fuel within
the cylinders produces a substantial volume of hot exhaust
gases which are discharged with substantial noise into
one or more exhaust manifolds in communication with
the exhaust porfs of the several engine cylinders. The
frequencies of the sound waves in such exhaust' gases
extend over a wide range, such as for example from about
30 cycles per second to about 5,000 cycles per second,
and in many exhaust systems it is the lower range of
frequencies, i.e., frequencies below 200 cycles per second,
that are the most difficult to attenuate or silence. This
low range of frequencies below 200 cycles per second
is the most difficult to attenuate because the firing fre-
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quency of the engine falls in this range as does the natural
resonance frequency of the exhaust system itself.

In a conventional automobile exhaust system, all of
the silencing of the gases occurs in a muffler connected
between an exhaust pipe joined to the exhaust manifold
and a tail pipe leading from the muffler to a gas discharge
point. Such mufflers conventionally comprise a large
outer shell having a cross-sectional area several times
larger than the cross-sectional area of the exhaust pipe,
and having a relatively small nunber of tuned resonator
chambers adapted to attenuate the noise level of the
exhaust gases passing therethrough. In order for the
muffler to achieve maximum silencing it is necessary
that a pair of these chambers with large volumes be
tuned to attenuate the marrow bands of the wave fre-
quencies of the first overtones of the standing waves of
the exhaust and tail pipes. All of the resonator cham-
bers are baffled from one another, and are arranged with-
in the outer muffler shell in staggered patterns which,
combined with the large volumes of the chambers for
the exhaust and tail pipes, results in the muffler being
rather large and difficult to mount within the limited
space available on the underside of an automobile.

Our invention is adapted to attenuate the noise level
of the exhaust gases over a wide range of frequencies
by passing said gases through an exhaust pipe construction
containing a series of coaxially aligned acoustical liners
carried within an outer pipe. In our invention there is
provided a large number of small sound attenuating units
disposed along the length. of the exhaust system. These
units are adapted to attenuate different, and overlapping,
bands of wave frequencies so that the combinative effect
of all of the units is an attenuation of the entire range
of frequencies of the sound waves in the exhaust gases.
While our invention effects such an attenuation of the
exhaust gas noises alome, it may, if desired, also be used
in combination with a conventional muffler, or in com-
bination with a series of in-line air-type resonators, such
as is described in copending application Serial No, 67,75 6,
filed November 7, 1960.

As shown in FIG. 1, our invention comprises an
outer pipe 10 adapted to be connected to a conventional
exhaust manifold 12 of an internal combustion engine
by means of a conventional flanged joint 14. When our
invention is used as the sole means for attenuating the
noise level of the exhaust gases, or when it is used in
combination with the in-line type resonators such as
shown in copending application Serial No. 67,756, filed
November 7, 1960, the pipe 10 extends away from the
manifold for discharging the exhaust gases to the atmos-
phere. A second or inner pipe 16 is axially disposed with-
in the pipe 10 and throughout its extent within the outer
pipe constitutes the main gas-flow passage for the gases
moving through the systen. The pipe 16 is provided
along its length with axially spaced groups of elongated
openings 28, the openings in each of said groups extend-
ing circumferentially around the pipe 16. In the areas of
the openings, the pipe sidewalls are at least 309 open,
while the pipe stretches axially interposed between said
groups of openings are imperforate.

The pipe 10, and thus the pipe 16, extend along the
undercarriage of the vehicle upon which they are mount-
ed, and because of the construction of such undercarriage, -
it is necessary that both of the pipes 16 and 16 be bent
at various positions along their lengths in order that they
may fit in between the various contours on said under-
carriage.  To facilitate such bending, the openings 20
are diamond-shaped with their longitudinal axes extend-
ing parallel to the axis of the pipe 16. This configuration
and orientation of the openings permits both of the pipes
10 and 16 to be bent into any desired configuration with-
out the inner pipe 16 wrinkling or splitting,
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" As stiown in FIG. 2, the pipes 10 and 16 are held in
spaced concentric relationship by a plurality -of ears 21
projecting eutwardly -from the inner pipe and engaging
the inner .walls of the outer pipe. - A plurality of axially
spaced, sound absorbing liners are disposed about. the
inner pipe with their outer faces abutting the inner wall
of the outer pipe 18. The liners 22 are ‘mourted on the
inner pipe in axially spaced positions of alignment with
- the groups of openings 2@ and have axial lengths slightly
longer than the axial lengths of said groups of openings
to thus cover said openings and dispose the liners in op-

[
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the longer of these dimensions in combination,
quencies below 200 cycles per second will be preferentially
attenuated to the greater extent. Thus, our exhaust pipe
may be tuned to attenuate the noise level of a wide range

of frequencies by the axial positioning of -adjacent groups.

"~ of openings 28 and liners 22, the axial and wall thickness

10

erative communication with the main gas-flow passage for =

attenuating the noise level of the gases passing there-
through. Conveniently, the ears 21 are formed in the
areas of the groups of openings 26 and thus extend through
the liners 22 to hold them in their positions of alignment
with said groups of openings.

The sound absorbing liners .22 comprise porous (per-
vious), heat stable, corrosion resistant mats, and. may
be formed from a porous mat of fibers, such as asbestos,
glass, stainless steel, beryilium, molybdenum, tungsten,
or the like. Such fibers may be of any desired length or
diameter, but they must, of course, have a sufficient length
to permit them to be intermingled and: interconnected so
that they will not pull or fall out of the liners 22..

dimensions of the liners,“and the density of said liners,
with the liners serving both as soand attenuating mem-
bers per se and as threats for a plurality of resonator
volumes. - Cl ‘ .

The exhaust system illustrated in FIG. 1 may. be pro-
duced by forming the openings 26 in the pipes 16 and

~ then disposing the plurality of liners 22 in axially spaced
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relation around the pipe 16 in alignment with said groups
of openings. The outer pipe 1€ is then positioned around
the inner pipe 16 with the opposed inmer and outer walls
of said liners sbutting the inner and outer pipes, respec-

“tively, in face-to-face contact. The pipe assembly may

then be placed.in a conventional pipe bending machine

- and bent into the desired contours, the configuration and

orientation of the openings 26 in the inner pipe permitting
said pipe to be berit into smoocth curves'in the absence of

any wrinkling or splitting.
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The density and thickness of the liners may vary with

. “the material used to form such liners, In this regard, we
‘have . achieved excellent results by employing liners of
asbestos having a wall thickness in the range of from about
.one-sixteenth inch -to about one-half inch, and a density
in the range of from’ about 10% to about 50%:

The axial positioning of the groups of openings 26
along the pipe 16 and thus the axial positioning of ‘the
liners- will vary from one design to another depending
on the frequency distribution of the sound power to be
attefiuated. The spaced liners 22 along the pipe 16 seg-
ment the air space between the iriner and outer pipes into

30

As shown in FIG. 1, the openings 26 may extend sub-
stantially -continuously along the bent portions of the
inner pipé 16 and an elongated acoustical liner 22 is inter-
posed between those bent portions of the inner pipe 16
and the corresponding portions- of the outer pipe 16.
Such elorigated liners along the bent portions of the inner
pipe 16 have a length several times-as long as the other

_liners. employed, -and we have found that they are par-

35

a plurality of resonating chamber volumes 24 in the form.

of extended annuli. And, because of their porosity, the
liners 22 at the ends of the volumes 24 constitute volume
throats joining said volumes with the main gas-flow pas-
sage of the inner pipe 16..: . L
it is well established .in the field of resonator design
that a resonator volume having a long volume throat,
will -aitenuate a lower sound wave frequency than a

corresponding volume having a short throat.. Therefore,

in our present invention, the liners having the greater den-
sities and/or - longer axial lengths will provide longer
throats interconnecting the volumes 24 with the main gas-
flow passage so that the volumes joined to said throats act
" upon the lower sound wave frequencies. 1Tt is further es-
tablished in the field of resonator design that a pipe of
about-2 inches in length will have a standing wave fre-
quency of about 3,500 cycles per second, while a pipe of
about 180 inches in length will have a standing wave
frequency of about 30 cycles per second. It is.- thus
critical to the maximum utility -of our invention that the
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liners 22 be axially spaced along the pipe 16 to provide -

resonating chamber volumes 22 of  different lengths in .

order-to effect a sound attenuation of the exhaust gases
over a wide range of sound wave frequencies. We have

60

found that if the liners 22 and openings 20 are disposed -

in a continuous manner throughout the entire length of
the pipes 10 and 16, excellent sound attenuation is ob-
tained at frequencies above 1,000 cycles per-second and
relatively poorer attenuation occurs at frequencies below
1,000 cycles per second. However, attenuation. over. a
broad range of frequencies can be achieved by provid-

ing a plurality of resonating chamber volumes having

axial. lengths of 2 inches, 6 inches, and 12 inches em-
ployed in combination with liners 22 having axial lengths
of 134 inches, 2 inches, and 4% inches, respectively. By
employing the shorter of these dimensions in combination,
the frequencies above 200 cycles per second will be prefer-
entially atienuated to the greater extent; and by employing
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ticulardy. well adapted for attenuating the noise level of

the higher frequency sound waves in the exhaust gases,
ie., those frequencies above 200 cycles per second. Thus,
with the elongated liners along the bent stretches of the
pipe 16 and the shorter liners in the straight stretches act-
ing in combination with the resonating chamber volumes
24, a sound. attenuation over a wide range of frequencies
is achieved by our system. ; :

As will be understood, the volumes 24 and acoustical
liners 22 will also serve as thermal insulation for the ex-
haust gases passing through the inner pipe 16, and fur-
ther provide a double shell-type comstruction which ma-
terially reduces the direct transmission of high frequency
sound from the gas stream through' the pipe ‘walls,

While .our invention has been described for use in an
exhaust system, it may, of course, be used on the intake
side of an internal combustion engine for transporting
and ‘silencing the gaseous mixtures into the engine, or in
any other applications involving the movement and silenc-
ing of gases. ) :

We claim as our invention:

1. In an acoustically treated gas pipe for conveying
and attenuating the noise level of a moving gas stream,
an outer pipe, an immer pipe carried within said outer
pipe and forming the main gas-flow passage, said inner
pipe having. a plurality of axially spaced groups of open-
ings formed therein, means on one of said pipes engaging

" the other pipe for holding said pipes in spaced relation

to. each other, and a plurality -of porous, corrosion-
resistant, fibrous liners mounted on said inmer pipe in

‘alignment with said. groups of openings in abutting en-

gagement with the adjacent faces of said inner and outer
pipes, said liners having axial lengths substantially equal
to the axial lengths of said groups of openings to form

> the end walls of a plurality of axially spaced resonating

chamber volumes interposed between said inner and

outer, pipes and the throats for said volumes.

2. The invention as set forth in claim 1 in which said
inner pipe is at least 30% open in the areas of said groups
of openings and imperforate between said groups of
openings. . . )

3. The invention as set forth in claim 1 in which said
openings have an elongated configuration with their long
axes parallel to the axes of said inner and ocuter pipes.

the fre- '
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4. The invention as set forth in claim 1 in which said
liners have axial lengths longer than the axial lengths of
said groups of openings.

5. The invention as set forth in claim 1 in which said
means comprises a plurality of outwardly projecting ears
formed on said inner pipe and engaging the inner walls
of said outer pipe. :

6. The invention as set forth in claim 5 in which said
ears are formed in the areas of said groups of openings
and extend through said liners for retaining said liners
in positions of alignment with said groups.

7. In an acoustically treated gas pipe for conveying
and aftenuating the noise level of a moving gas stream,
an outer pipe, an inner pipe carried within said outer pipe
and forming the main gas-flow Dassage, said inner pipe
having a plurality of groups of openings formed therein,
at least a plurality of said groups of openings having axial
lengths in the range of from about 1.5 inches to about
4.5 inches and axial spacings in the range of from about
2 inches to about 12 inches, and a plurality of porous,
corrosion-resistant, fibrous liners mounted on said inner
pipe in alignment with said groups of openings and abut-
ting the adjacent faces of the inner and outer pipes, said
liners having axial lengths substantially equal to the axial
lengths of said groups of openings to form the end walls
of a plurality of axially spaced resonating chamber vol-
umes interposed between said inner and outer pipes and
the throats for said volumes.

8. The invention as set forth in claim 7 in which there
is provided at least one additional group of openings and
a liner therefor having axial lengths several times as long
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as the length of the longest group of openings in said
plurality of groups of openings having lengths in . the
range of from about 1.5 inches to about 4.5 inches.

9. In an acoustically treated gas pipe for conveying
and attenuating the noise level of g moving gas stream, an
outer pipe, a plurality of axially spaced imperforate pipe
sections carried within said outer pipe and forming a sub-
stantially continuous main gas-flow passage, and a plu-
rality of gas-pervious, sound absorbing means axially
spaced along said imperforate pipe sections bridging the
spacing between said pipe sections and abutting the ad-
jacent walls of the pipe sections and said outer pipe
whereby said means and the adjacent walls of said outer
pipe and pipe sections form gz plurality of annular res-
onating chamber volumes, said means being in operative
communication with said main gas-flow passage to form
a plurality of volume throats joining said volumes to
the main gas-flow passage.
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