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SOUND-ATTENUATING SYSTEM AND APPA-
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Floyd E. Deremer, Livenia, Mich., assignor to Oldberg
Mianufactur:ng Company, Grand Haven, Mici., a cor-

poratien of Michigan
Filed May 18, 1959, Ser. No. 813,771
6 Claims, (CL 181—55)

This invention relates to sound-attenuating system and
apparatus especially for use with dual exhaust gas streams
from an internal combustion engine of the character em-
pioyed in automotive vehicles, tne system and apparatus
functioning to attenuate sound waves entrained in the gas
streams and to further equalization of irregular pressure
impulses in the exhaust gas streams.

Figiit cylinder engines of the internal combustion type
embodying two parallel banks of four cylinders in each
bank have come into extensive use for powering auto-
motive vehicles, each bank of cylinders being equipped
with an individual exhaust manifold which heretofore
have been joined for conveying exhaust gas streams from
both banks through a single mufller or sound-attenuating
means. In other types of installations, dual exhaust gas
duct arrangemenis are provided and each gas stream is
conveyed independently of the other through one or
more sound-attenuating mufflers in order to attenuate
sound waves entrained in the exhaust gas streams.

The trend of automotive construction is toward a low-

ering of the chassis frame and such design poses diffi- <

culties in the positioning of sound-attenuating means or
mufflers beneath the body due to the necessary presence
of transversely extending frame struts or bracing mem-
bers of the vehicle frame. Thus in exhaust systems of
vehicles where high sound-attenuating efficiency is de-
sired, two or more mufflers have been placed in series
relation lengthwise of the vehicle for each exhaust gas
stream. In this type of installation, the presence of frame
cross members prevents the use of a single muffler or
sound-attenuating means of a length sufficient to obtain
proper sound-attenuation over a desired sound wave
range.

In multi-cylinder engine constructions comprising two

banks of cylinders wherein the pistons are connected to-

a single crankshaft, the firing order of igaition in the
cylinders in each bank do not occur at regular intervals.
In an eight cylinder engine having two banks of cylinders,
successive firing of two cylinders occurs in each bank,
the remaining cylinders firing alternately. During a com-
plete cycle of firing of the eight cylinders, two successive
exhaust impulses occur in the exhaunst manifold for each
of the banks of cylinders. These irregular pressure im-
pulses in each exhaust manifold establish nonrhythmic
pulsations in the gas stream which are audibly exempli-
fied by a distinct throbbing in each exhaust duct ar-
rangement. : .

The present invention embraces a system and appa-
ratus involving the positioning of sound-attenuating in-
strumentalities amidship and extending transversely of
the vehicle and connected together by a pressure balanc-
ing or equalizing passage oOr tube whereby improved
sound-attennation is attained, particularly improved at-
tenuation of the sound waves set up by irregular exhaust
or pressure impulses in dual exhaust gas streams.

An obiject of the invention is the provision of a system
or method of flowing exhaust gas streams from two mani-
folds into sound-attenuating chambers disposed trans-
versely of a vehicle and connected by a pressure equaliz-
ing or gas exchanee tube or passage in a manner where-
bv pressure impulses occurring at irreeular intervals are
dissipated in the interconnected chambers whereby the
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sound waves of the irregular impulses are effectively at-
tenuated or their audible effect minimized or rendered
unobjectionable.

Another object of the invention resides in the provision
of a combination of sound-attenuating units or mufilers
disposed amidship and extending transversely of a ve-
hicle and interconnecied by a balancing tube whereby
effective- sound-attenuation is attained and wherein the
installation does not interfere with the frame members
of the vehicle so as to provide for maximum roadway
clearance.

A further object of the invention resides in the pro-
vision of dual sound-attenuating chambers or units ar-
ranged in series relation disposed transversely of a ve-
hicle and interconnected by a passage whereby pressure
impulses in the gases from engine exhaust manifolds are
blended or balanced whereby objectionable audible throb-
bing in the exhaust gas streams is substantially eliminated.
- Another object is the provision of an apparatus or
system involving multiple transversely extending and
axially or longitudinally aligned muffler or sound-atten-
uating units connected at their adjacent end regions by
tubular means whereby pressures of irregular impulses
in the streams are substantially neutralized or equalized
and the sound waves of the irregular impulses substan-
tially attenuated.

Another object of the invention is the provision of
multiple sound-attenuating units each embodying sound-
attenuating and resonator chambers adapted to receive
muitiple streams of exhaust gases from an internal com-
bustion engine, the units being interconnected by a bal-
ancing tube providing for pressure balancing and blend-
ing of the gases of the streams and improved sound-
attenuation.

Further objects and advantages are within the scope
of this invention such as relate to the arrangement, op-
eration and function of the related elements of the struc-
ture, to various details of construction and to combina-
tions of parts, elements per se, and to economies of
manufacture and numerous other features as will be ap-
parent from a consideration of the specification and draw-
ing of a form of the invention, which may be preferred,
in which:

FIGURE 1 is a schematic plan view of a vehicle em-
bodying an exhaust system of the invention utilized with
a multi-cylinder engine having dual banks of cylinders
in parallel relation with sound-attenuating units arranged
transvarselv and amidship of the vehicle;

FIGURE 2 is a s-hematic e'evational view of the ar-
rangement portrayed in FIGURE 1;

FIGURE 3 is an enlarged longitudinal sectional view
through cne form of sound-attenuating and gas blend-
ing unit of the multiple unit system of the invention;

FIGURE 4 is a transve-se sec'ional view through the
attenva‘ing unit illustrated in FIGURE 3, the view being
taken substantia'ly on the line 4—4 ~f FIGURE 3;

FIGURE 5 is a schematic longitudinal sectional view
drawn to a reduced scale illustrating the interior ar-
rangsments in the muitiple units or mufflers illustrated
in FIGURES 1 through 4;

FIGURE 6 is a schematic longitudinal sestional view
dr-wn to a reduced scale i'lustreting a mo-ified form of
attenuati~g unit and interconne-tion between the units;

FIGURE 7 is a schematic sectional view drawn to a
reduced scale ilustrating the system embodying another
form of sound-attenuating and impulse-equalizing inter-
connerted units; -

FIGURE 8 is a schematic Icneitudinal sectional view
drawn to a reduced scale illustrating dual sound-attenu-
ating units with a combined connecting passage and gas
outlet means between the units, and
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FIGURE 9 is a schematic sectional view drawn to a
reduced scale illustrating a modified form of exhaust inlet
and outlet passage means for each of the sound-aitenu-
ating units of a system.

Whils the forms of apparatus of the system of the in-
ven'icn disclosed herein have particular utility with dual
exhaust gas streams of an internal combustion engine
utilized as a power unit for an automotive vehicle, it is
to be understood that the system and apparatus may be
utilized wherever it is desired to attenuate sound waves
entrained in the streams and equalize or neuntralize ir-
regular pressure impulses.

The illustrations of system and apparatus of the in-
ventizn for blending exhaust gas streams are shown in
connection with an eight cylinder engine having two
banks or blocks of four cylinders each, but it is to be
understood that the system and apparatus may be utilized
in connection with exhaust gas streams of engires having
a different number of cylinders. With particular refer-

nce to FIGURE 1, the outline of a top plan of a vehicle 3

body is illusirated at 1§, the body being supported upon
a suitable frame or chassis structure (not shown), the
vehicle being equipped with pairs of front and rear road
wheels designated respectively 12 and 14.

Cradled in the forward region of the chassis frame
and supported thereby is an internal combustion engine
18 of the eight cylinder type fashioned with two parailel
banks or blocks of cylinders designated respectively 20
and 22, each bank being inclusive of four cylinders, The
engine is connected through suitable power transmission
mechanism containsd in a housing 24 and a drive shaft
construction 26 to the rear wheels 14 of the vehicle for
driving the same in a conventional manner.

The bank of cylinders 20 is equipped with an exhaust
manifo!d 28 having four branchss in communication with
the exhaust ports of the four cylindzrs in the engine
block 20 through which exhaust gases from the cylinders
are delivered into the manifold 28. The bank of cylinders
22 is equipped with a similar mianifold 39. In eight
cylinder engines comiprising dual blocks of four cylin-
ders each, several firing orders may be utilized, but in
all firing orders two cylinders in each block are fired
consecutive'y while the remaining cylinders in both blocks
are fired alternately. One typical firing order of cylin-
ders of an eight cylinder engine, with reference to the
cylinder numbering shown in FIGURE 1 is 1, §, 4, 8, 6,
3,7 and 2.

Thus the successive firing of two cylinders in a block
during engine operation produces or sets up succassive

pressure impulses in the gas streams in each of the mani-

folds 28 and 30. The successive pressure impulses in
one manifold occur at a diferent period of time than
the successive dual impulses in the other manifold. Hence
the pressure impulses in both exhaust gas streams de-
livered from the manifo!ds 28 and 38 are irregular and,
when the gas streams are directed respectively through
individual sound-attenuating means or mufflers, objec-
tionable audible throbbing or pulsing sound ere preseit.

In the present invention, the dual gas streams from
the manifolds are fed into interconnected sound-attenu-
ating and gas blending units wherein the irregu'ar audible
pressure waves are reduced or substantially attenuated
and the pressure impulses substantiaily equalized through
the medium of the interconnection between the s~und-
attenuating units. In the arrangement or system of the
present invention, the interconnected sound-attenuating
mufflers or units are arranged in alignment and extend
transversely of the vehicle.

The transversely disposed units are shaped and the
interconnection therebetween disposed so that the units
may be mountéd amidships of the vehicle adjacent the
rear of the housing containing the p-wer transmission
mechanism, the individual units being mounted at cppo-
site sides of the power transmission housing so as to
provide maximum clearance above the roadway with the

4

interconnection between the units disposed adjacent and
ciose to the power transmission mechanism housing.
This type of mounting for dual sound-attenuating units is
advantageous in that the units extend lengthwise trans-
versely of the vehicle without interference with the trans-
verse frame struts or connecting members of the vehicle
frame construction.

- FIGURES 1 and 2 are illustrative of the transverse

" positioning of the dual sound-attenuating and pressure
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equalizing units, FIGURES 3 and 4 illustrating a de-
tailed form of one of the units and FIGURE 5 a semi-
diagrammatic sectional view of the dual unit installa-
tion of FIGURES 1 and 2. The arrangement shown
in FIGURES 1, 2 and 5 includes substantially identical
units 34 and 36, which are of the same construction,
one of the units 34 being illustrated in detail in FIG-
URES 3 and 4.

The exhaust manifold 28 is connected by means of
an exhaust-conveying tube or elbow 38 into the inlet 40
of the unit 34 while the exhaust gas stream from the
manifold 30 is conveyed by m=ans of a tube or elbow 42
with the inlet 44 of the unit 36. The units 34 and 36
are connected together by means of a pressure equalizing
or balancing tubz 46 which, as shown in FIGURE 2, is
disposed adjacent and beneath the drive shaft arrange-
ment 26 at the rear of the power transmission housing
24 of the vehicle.

The sound-attenuating mufflers or units 34 and 36,
as illustrated, are of identical construction and one of
the units 34 is illustrated in detail in FIGURES 3 and 4.
A description of one unit will suffice for both. As shown
in FIGURES 2 and 4, each sound-attenuating unit is
preferably of oval ellipsoidal in cross-section as this con-
figuration enables maximum clearance between the road-
way and the sound-attenuating unit or muffler. Each
of the units 34 and 36 is inclusive of a sheet metal shell
construction 50 of generally oval or ellipsoidal shape as
shown in FIGURE 4.

In the embodiment illustrated the shell is double walled,
comprising an outer layer or shell 52 and an inner layer
or shell 54, the outer layer being formed with spaced
longitiidinally extending ridges 56 which engage the inner
layer 54 so as to space the layers apart providing longi-
tudinally extending isolated regions or zones providing air
chambers adapted to cushion vibrations and reduce shell
noise. The inner and outer metal layers are joined by
a seam 60 formed by overlapping regions of the layers
bent upon themselves as shown in FIGURE 4.

Each of the attenuating units 34 and 35 is provided
with end closures or heads 62 and 64, the peripheral
regions of the end heads 62 and 64 being flanged as at
65 embracing the juxtaposed ends of the outer and inner
layers 52 and 54 whereby the end heads are securely fas-
tened to the shell construction providing sealed joints.
The space between the inner and outer shell members 52
and 54 may accommodate a layer of asbestos or other heat
resistant material having sound damping characteristics,
the layer serving as heat insulation.

If desired, the shell construction 58 may be g single
sheet of metal formed to tubular shape or a sheet of
metal wrapped upon itself to form a multiple layer shell.
In the shell construction shown in FIGURE 3, the ends
of both layers 52 and 54 are brought into contiguous
relation to receive the flanged regions of the end heads 62
and 64. Each of the end heads is formed with a ledge
63 which snugly fits within the end region of the inner
shell and the flange 68 spun into the position shown in
FIGURE 3.

Each of the units 34 and 36 is inclusive of gas passage
means disposed within the shell, the walls of the gas
passage means being formed with small openings pro-
viding acoustic couplings for sonnd-attenuating purposes
and for facilitating transverse or cross flow of gases with~
in the shell construction. As particularly shown in FIG-
URE 3, the end closure 62 is provided with an opening



3,070,187

8

accemmodating the gas inlet coupling or tube 48 and a
second coupling or tube 7¢ providing a gas outlet.

The end head 64 of each of the units 34 and 3§ is
provided with a central opening accommodating a tubu-
lar coupling 72, the couplings being connected by means
of a balancing tube or tubular means 4§ as shown in
FIGURE 5. In the embodiment illustrated in FIGURES
1 and 2, the inlet coupling 40 of each unit is connected
with an adjacent exhaust tube or elbow 38 and 42. As
shown in FIGURE 3, each of the sound-attenuating and
gas blending units includes gas passage tubss 74 and 76,
the gas passage tube or means 74 being in communication
with the coupling member 4% and receives exhaust gases
from the adjacent manifold. The second gas passage
tube or means 76 is in communication with the couplings
7@ and 72.

There is provided interiorly of each of the units 34
and 36, one or more partitions or transversely extending
walls which divide the interior into two or more com-
partments or chambers. As shown in FIGURE 3, there
are three transversely disposed, longitudinally spaced
walls or baffles 78, 79 and 80 providing sound-attenuat-
ing and gas transfer chambers §2, 83 and 84. The baiile
80 and the end head 64 provide a low frequency resonator
chamber 85. FEach of the transversely extending walls
78, 7 and 80 is of oval shape and is provided with a
peripheral flange 86 of oval shape engaging the interior
surface of the inner shell 54.

Surrounding the tube or gas passage means 76 is a
second tube or tubular member 88 of larger diameter
which is substantially concentric with the tube 76 and is
held in this position by annular members 99, the mem-
bers having flanged portions which respectively engage
the outer surface of the tube 76 and the inner surface of
the end regions of the tube 88, The walls or baffles 78,
7% and 80 are provided with openings to accommodate
the tubes 74 and 88. ‘The walls of the gas passage tubes
74 and 76 are provided with a large number of compara-
tively smail openings 94 and 2§, and the tube 88 pro-
vided with a substantial number of comparatively small
openings 93. ‘

The openings in the tubes 74, 7% and 88 form acoustic
couplings with the adjacent regions within the shell for
attenuating sound waves and for facilitating transverse
or cross flow of exhaust gases from the inlet tube 74
through the adjacent chambers 82, 83 and 84 and through
the openings 96 and 98 into the tube 76, the latter con-
veying the gases either through the balancing tube 46
to the other attenuating unit or through the outlet cou-
pling 76 and exhaust pipe 188 to the rear of the vehicle,
this arrangement being schematicaily illustrated in FIG-
URE 1.

Very little transfer of exhaust gases occurs in the
_connecting or balancing tube 4§, this tube serving pri-
marily as a pressure balancing means whereby uneven
pressure impulses in the exhaust gas streams are effec-
tively equalized or neutralized. The annular space 102
provided between the tubes 76 and 88 is partitioned by
annular members 183, the compartments forming atienu-
ating chambers for sound waves in the high frequency
range.

The operation and functioning of the system and appa-
ratus illustrated in FIGURES 1 through 5 are as follows:
The exhaust gas streams in the exhaust manifolds 28
and 3¢ are delivered into the inlet couplings 4¢ and 46’
at the outer ends of the units 34 and 36 whereby the
exhaust gases from the respective manifolds are discharged
or delivered into the tubes or gas passage means 74, the
gases flowing transversely through the openings 94. One
end of the tube 74 opens into the resonator or chamber
85 which serves to attenuate low frequency sound waves.

The compartments or spaces 102 between the tubes 76
and 88 form or provide high frequency sound wave at-
tenuating means. The gases from the tube 74 flow trans-
versely through openings 94 in the tube 74, openings $8
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in the tubular member 88 and openings 96 in the tube
98, the exhaust gases being then discharged through the
cutlet coupling 70 of unit 34 and outlet coupling 78’ of
unit 36 into the exhaust pipes 188 for discharge rear-
wardly of the vehicle.

When successive pressure impulses occur in one of the
manifelds by reason of the particular firing order of the
cylinders, the pressure balancing tube 46 serves to assist
in the equalization, neutralization or balancing of differ-
ential pressures in the intercoupled units 34 and 36 to
smooth out the gas flow and promote improved attenua-
tion of sound waves set up by the irregularity of pressure
impulses in both sound-attenuating units 34 and 36.

It is found that by delivering exhaust gases into the
outermost ends of transversely aligned sound-attenuat-
ing units, coupled by balancing tube 46, that sound waves
in the objectionable audible wave range are satisfactorily
attenuated without necessitating the use of additional
sound-attenuating means. It is to be understood how-
ever that if desired, additional sound-attenuating means
may be incorporated with the exhaust pipes 1¢0.

While the arrangement as shown in FIGURES 1 through
5 illustrates the coupling members 4§ as the exhaust gas
inlet, it is to be understood that the couplings 46 may
be connected with the exhaust manifolds 28 and 36 and
utilized as the gas inlets into the units 34 and 36. The
couplings 4@, in such an arrangement would be utilized
as gas discharge outlets and same would be connected
with the exhaust pipes 180 for conveying exhaust gases
to the rear of the vehicle.

With the above described arrangement of mufflers or
sound-attenuating units disposed transversely of and amid-
ship of the vehicle at the rear of the transmission hous-
ing 24, an exhaust gas system is provided which does not
interfere with the vehicle frame struis or members pro-
viding improved sound-attenuation and gas pressure or
impulse balancing means which improves the flow of
exhausi gases through the units and minimizes the audi-
ble throbbing resulting from irregular pressure impulses
in the exhaust gas streams.

FIGURE 6 is illustrative of a modified sound-aitennat-
ing and pressure impulse balancing system. In this ar-
rangement the sound-aftenuating units 185 and 317 are
of identical construction, each unit comprising a dual
wall shell 116 provided with end heads 112 and 114 which
are joined to the shell in the manner shown described in
connection with the form of unit illustrated in FIGURE
2. In the arrangement shown in FIGURE 6, the end
head 112 of each unit is provided with an inlet coupling
116 which is in communication with a gas passage tube
18, the lIatter extending through an opening in the end
head 114,

A balancing tube 129 is in comraunication with the
tube 118 in each of the sound-attenuating units to facili-
tate the balancing or nsuiralization of pressure impulses
in the exbaust gas streams delivered into the units 103
and 187. The inlet coupliings 116 are connected respec-
tively with the engine exhaust manifolds in the manner
illustrated in FIGURE 1. Partitions 122, ¥24 and 126
extend transversely within each sound-attenuating unit
and with the end heads form gas passage and sound-at-
tenuating chambers 128, 138, 132 and 134.

The end head 112 is provided with an outlet coupling
136 in communication with a gas passage means or tube
138 which extends through the partitions and is surround-
ed by a tube 146. The annular space between the tubes
138 and 148 is subdivided into lengthwise arranged com-
partments by means of annular spacers 142 providing
high frequency sound-attenuating chambers or regions
144.

The tubes 118, 138 and 149 have their wall regions
provided with a large number of coraparatively small
openings or orifices which facilities transverse flow of
exhaust gases and eventual discharge through the outlet
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lhe opsnings in the walls of the
co pbnog

ube 148 form acoustic
ambers or compariments for atten-
waves. 'The gas passa means 128 opens
into the resonator chamber 334 which serves to attennate
sound waves in the low frequency range.

in the arrengement shown in FIGURE 6, the inlet gas
passage means in each of the units 195 and 187 are in
alignment and communicate with each other through the
medium of the connecting means or pressure balancing
tube 128 The pressure balancing tube 128 facilitates the
equalization of unequal or irregular pressure impulses in
the individual exhaust gas streams so as to improve the
atiennation or damping of the sound waves established
by pressure impulses and to facilitate smoothing cut the
urcgulaf presoure impulses in the exhaust streams.

GURE 7 illustrates a modified form of dual umit
s"stem for attenuating sound waves and balancing neu-
tralizing irregular pressure impulses in dual gas sireams
In this form, the system includes substantially idenucsl
sound-latten"mmg units or mufflers 159 and 352, the
double wall shell construction 154 of each unit bemg
ubstantially the same as that shown in FIGURE 3.
Each of the units is provided with end heads or end
closures i5% and 188, the outer end closures 185 being
provided with openings accommodating an inlet coupling
16% and an outlet coupling 162, the heads being flanged
and sealed to the peripheral f=nd regions of the shell 154,

Partitions 164 extend transversely within the shell and
form gas transfer and sound-attenuating compart-

1ents 366 and a low frequency resonator chamber 168,
the end closure 158 forming a wall of the resonator cham-
ber. The inlet couplings 169 is in communication with
an inlet gas passage means or itube 179 and the outlet
coupling 162 is in communication with a second gas
passage tube or means 172.

The iube 172 is surrounded by a tube 174 of larger
diameter, the annular regions surrounding the tube 172
between adjacent spacers 176 forming high frequency
sound-atienuating compariments or chambers. The walis
of the tubes 179, 172 and 174 are previded with a laige

amber of comparatively small openings 180 to facilitate
transverse {low of gases through the chambers 166 to the
discharge tube 172 and discharge outlet 152. The open-
ings 188 provide acoustic coupling means for attenuating
sound waves in the high frequency range.

The adjacent end heads or closures 158 are formed with
openings to accommodate or receive a connecting tube
122 which provides means for equalizing unequal pres-
stires or pressure impulses in the attenuating units 159
and 152 resulting from irregular pressure impulses in
the exhaust ga: s streams. In this form, the pressure bal-
ancing tubs 182 opens into the low frequency resonator
chambers 160 in each unit, and, as illustrated, the tube
182 is aligned with and spaced Imgthv\/isc from the gas
passage tubes 172, The chambers 163 facilitate sub-
stantially unimpeded transfer of gases from the ends
of the gas passage tubes 178 to the balancing tube 182
to facilitate equalization of pressure impulses in the gas
streams.

FIGURE § illustrates a modified form of gas pressure
blending and sound-attenuating system of the invention.
In this arrangement the system is inclusive of substan-
tially identical sound-attenuating and gas blending units
or mufflers 198 and 192, the shell construction 194 being
preferably of the double wall arrangement of the character
illustrated in the form of the invention shown in FIG-
URE 3. Each of the sound-attenuating units is provided
with an end head or end closures 195 and 186 which are
secured to the mufller shell 1%4 in the same manner
illustrated in FIGURE 3.

In the muffler arrangement shown in FIGURE 8, each
muffier unit includes transversely extending p‘irtltlo’l iz
subdividing the interior into gas transfer \,on,par‘tmems
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2% and r so1’1tcr chambers 283 and 262, the end closures
195 and 196 forming walls of resonator chambers.
FHach of the mufller units ncl.;dc an inlet coupling
784 which is in communication wi h a first gas passage

means or tube 245 which extends through op:nings in
the partitions 198 and opens into the rescnator cham-
er 282. Each unit includes 2 second gas passage tube
268 and a third gas passage tube 218.

A tubular member 212 surrounds the second gas pas-

age tube 208 and the regions between the tube 288 and
the tubular member 212 provide chambers for the at-
tenuation of high frequency sound waves. The walls
of all the gas passage tubes within each miuffler and be-
tween the end partitions 198 are formed with a large
number of comparatively small openings to facilitate
iransverse flow of gas through the compartments 269.
The openings in the Walla of the tubes form acoustic cou-
plings with the adjacent regions in orde1 to attenuate
sound waves of the gas streams,

i should be noted that the regions or wall portions of
the tubes 266 and 218 projecting respectively through
the low frequency sound-attenuating chambers 261 and
282 are unperforated, a factor which compels traverse
of the gases thrcugh longer paths in the muffier units.
The end heads 196 of the muffler units of FIGURE 8
are connected by means of a bﬁlancmg tube 216 for equal-
izing unequal pressure impulses in the exhaust gas
streams.

In this form of the invention, a gas discharge outlet
218 is connected with the voalanr‘mc tube 216 and through
which the gases from both mufiler units are discharged
threuguh a common outlet passage 218. The balancing
tube 216 and the gas discharge tube or passage 218
should be of sufficient cross-sectional area to accormo-
date the volume of gases from both units 19¢ and 192
with a minimum of back pressure.

FIGURE 9 illustrates a pressure impulse balancing and
sound-attenuating system for dual streams of exhaust
gases from an internal combustion engine, each mufller
of the unit embodying a combined gas inlet and outlet
construction. The sound-attenuating units 23¢ and 232
inciude shell constructions 234, end heads 246 and 250
and interior components comprising transversely extend-
ing partitions 236, a first gas passage tube 238, a second
gas passage tube 248 and a tubular member 242 sur-
rounding the second gas passage tube.

These components are of the same construction and
arrangement as the corresponding components illustrated
in the sound-attenuating units 152 and 152 of FIGURE 7.
The adjacent end heflds or closures 246 are provided with
opvnmvs to accommodate a counecting or pressure bal-
ancing tube 248 which cor revpunds in functlon with the
balancing tube 182 shown in FIGURE 7. Each of
the outer end heads 258 of the sound- attenuating units °
is provided with an inlet opening 252 and an outlet open-
ing 254.

A fitting 256 is fashioned of tubular components to
provide a combined inlet and outlet construction or unit
to accommodate delivery of the streams of exhaust gases
into the units 238 and 232 and accommodate the dis-
charge of gases from both units. Each fitting 256 com-
prises a tubular portion 238 extending lengthwise of the
vehicle and normal to the longitudinal axes of the sound-
attenuating units. Joined by welding or other means to
the tubular member 253 is a tubular gas inlet member
260 and a tubular gas outlet member 252.

Disposed within the tubular member 258, intermedi-
ate the connections of tubular members 260 and 262
therewith, is an abutment or plug 264 which is sealed
within the tubular member 258 and compels delivery
of exhaust gases from an exhaust manifold through the
inlet opening 252 into the sound-attenuating unit. The
portion of the tubular member 258 rearward of the
outlet passage 262 may be connected with an exhaust

S
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pipe for conveying the discharged exhaust gases rear-
wardly of the vehicle.

Thus the fittings 256, associated with each of the
sound-attenuating units 239 and 232, provide a sxmple,
yet effective, means for conveying the exhaust gases into
and away from the attenuating umits. It is to be upgier—
stood htat the fitting arrangement 256 may be utilized
with the forms of the invention illusirated in FIGURES
1 through 7. i

The balancing tubes connecting the sound-attenuatlr}g
units in all forms of the invention discolsed may be d}s-
posed amidship of the vehicle and adjacent the drlYe
shaft construction 26 as shown in FIGURE 2 to obtain
maximum clearance between the mufflers or sound-at-
tenuators and the roadway. The. balancing tubes may
be bent downwardly at their central regions to c-l_)tam
further additional clearance for the muffler constructions.
The primary function of the balancing tube in all forms
of the invention is to further the equalization or balanc-
ing of gas pressures or pressure impulses in the sound-
attenuating units. ) )

It is apparent that, within the scope of the invention,
modifications and different arrangements may be made
other than as herein disclosed, and the present disclosure
is illustrative merely, the inveniion comprehending all
variations thereof.

I claim: )

1. An exhaust system for an internal combustion en-
gine having dual exhaust manifolds including a pair of
sound attenuating mufflers disposed in longitudinally
aligned spaced relation, each of said mufflers be.ing
formed with gas inlet means and gas outlet means, pipes
connecting the manifolds with the inlet means respec-
tively, gas passage tubes in each of the mufflers disposed
in parallel transversely spaced relation, transversely ar-
ranged walls in each of said mufflers forming compart-
ments in the mufflers, the walls of the gas passage tubes
being formed with a plurality of comparatively sm;xll
openings, said openings forming acoustic couplings with
the compartments for attenuating scund waves and ac-
commodating transverse flow of exhaust gases through
the compartments, and a single doct of lesser cross sec-
tional area than that of either muffler comnecting the
spaced mufflers providing pressure balancing means be-
tween the mufflers.

2. An exhaust system for an internal combusion engine
having dual exhaust manifolds including a pair of elon-
gated mufflers disposed in longitudinally aligned spaced
relation, each of said mufilers being formed with gas inlet
means and gas outlet means, pipes connecting the respec-
tive manifolds with the inlet means, gas passage means
in the muffiers including a tube in each muffler in regis-
tration with the inlet means, a second gas passage tube
in each of said mufflers in registration with the outlet
means, transversely arranged baffle means disposed in each
of said mufflers forming compartments in the mufflers,
the walls of the gas passage tubes being formed with a
plurality of comparatively small openings, said openings
forming acoustic couplings with the compartments for
attenuating sound waves and accommodating transverse
flow of exhaust gases in the compartments, and a single
duct of lesser cross section than that of either of the muf-
flers connecting the spaced mufflers providing pressure
balancing means between the mufflers.

3. Apparatus for attenuating scund waves of gas
streams including, in combination, a pair of sound wave
attenuating units arranged in longitudinaily spaced aligned
relation, each of said units comprising an elongated hol-
low shell and closures secured to the ends of the shell,
each of the outer end closures of the units being provided
with a gas inlet and a gas outlet, a pair of tubular gas
passage means in each shell, one of said tubular gas
passage means being in registration with the gas inlet and
the other in registration with the gas outlet, each of the
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adjacent end closures of the units having an opening
formed therein, a single connecting tube extending through
the openings in the adjacent end closures establishing gas
passage means between the units, the walls of the tubular
gas passage means in each of the units being formed with
a plurality of comparatively small openings forming
acoustic couplings and providing for transverse flow of
gases within each unit from one tubular means to the
other.

4. Apparatus for attenuating sound waves of gas
streams including, in combination, a pair of sound wave
attenuating units arranged in spaced longitudinally aligned
relation, each of said units comprising an elongated hol-
low shell and closures secured to the ends of the shell,
each of the outer closures of the units being provided
with a gas inlet and a gas outlet, gas passage tubes dis-
posed in each shell, one of said gas passage tubes being
in registration with the gas inlet and the other in registra-
tion with the gas outlet, the walls of the gas passage tubes
having open areas formed therein, each of the inner end
closures of the units having an opening formed therein,
and a single connecting tube extending through the open-
ings in the inner end closures establishing gas passage
means between the units.

5. Sound attenuating apparatus for use with dual ex-
haust gas streams from an internal combustion engine
of a vehicle including, in combination, a pair of sound
attenuating units adapted to be disposed in aligned rela-
tion transversely of the vehicle, each of said units com-
prising an elongated hollow shell and closures at the ends
of the shell, sound attenuating means contained within
each of said units, the adjacent ends of the units being in
spaced relation, openings formed in the adjacent end
closures, a pressure equalizing tube registering with the
openings establishing communication between the units,
each of the opposite end closures of the units being pro-
vided with exhaust gas inlet and outlet openings, a tubu-
lar fitting disposed adjacent each of the opposite end
closures including a tubular portion arranged normal to
the axis of the adjacent unit, a pair of tubes joined with
the tubular portion and extending in directions normal
to the tubular portion and into the inlet and outlet open-
ings in an end closure, and means in the tubular portion
influencing the gases to flow into the adjacent unit through
one of the tubes and away from the unit through the
cther of said tubes.

6. Sound attenuating apparatus for use with dual ex-
haust gas streams from an internal combustion engine
of a vehicle including, in combination, a pair of sound
attenuating units adapted to be disposed in aligned rela-
tion transversely of the vehicle, each of said units com-
prising an elongated hollow shell and closures at the ends
of the shell, sound attenuating means contained within
each of said units, the adjacent ends of the units being
in spaced relation, a pressure equalizing tube connecting
adjacent ends of the units establishing communication
between the units, the outermost end closures of the units
being provided with exhaust gas inlet and ocutlet openings,
a tubular fitting disposed adjacent each of the outermost
end closures including a tubular portion arranged normal
to the axis of the adjacent unit, each of said fittings hav-
ing a pair of tubes joined with the tubular portion and
extending in directions normal to the tubular portion and
into the inlet and outlet openings in an outermost end
closure, and a wall in said tubular portion disposed be-
tween the regions of connection of the tubes with the
tubular portion.
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