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3,072,214
GAS BLENDING AND SOUND-ATTENUATING
SYSTEM AND APPARATUS

Floyd E. Deremer, Livonia, Mich., assignor to Cidberg

Manufacturing Company, Grand Haven, Mich., a cor-

poration of Michigan .

Filed Feb. 14, 1958, Ser. No. 715,444
9 Claims. (Cl. 181—48)

This invention relates to a sound-attenuating and gas
blending system and apparatus for blending two or more
gas streams in a chamber or zone and attennating sound
waves entrained in the gas streams, the invention per-
taining more especially to a system embodying a gas
blending and sound-attenuating chamber for use with
multiple exhaust gas streams from an internal combustion
engine of the character employed in automobile vehicles,

In the development and manufacture of internal com-
bustion engines or prime movers for use in powering
automotive vehicles, more extensive use is being made of
eight cylinder engines of a type embodying two parallel
banks of cylinders with four cylinders in each bank; an
individual exhaust manifold. utilized with each bank of
cylinders and one or more sound-atttenuating means or
mufflers embodied in the exhaust duct arrangement for
‘the gas stream issuing from each manifold.

A factor influencing vehicle manufacturers to utilize
individual exhaust gas attenuating systems for each ex-
haust-gas stream is the substantial increase in the horse-
power of the engines which results in an increased vol-
ume of exhaust gases to be disposed of in each exhaust
duct arrangement and to attenuate sound waves in such
systems without appreciably increasing back pressure in
the exhaust duets. In many such installations, a sound-
attenuating device or muffler for. each of the gas streams
suitable or adaptable for attenuating sound waves in the
objectionable sound wave range has not been satisfactory
by reason of the trend in lowering the frame construc-
tion of the vehicle to such an extent that the reinforcing
cross members of the frame reduce the available space
to accommeodate a sound-attenuating muffler of a length
adequate to attenuate sound waves in an exhaust gas
stream. . Hence a dual exhaust gas duct arrangement for
dual exhaust gas streamis of an engine may embody a
sound-attenuating muffler for each stream of a length
that ‘may be accommodated between the frame Cross
members supplemented by a secondary ‘sound-attenuating
means or resonator chamber spaced therefrom in order
to attenuate sound waves entrained in the high velocity
exhaust gas streams.

Another factor that has a direct influence upon the
attenuation of sound waves in dual exhaust streams de-
livered from the two banks of cylinders in an eight
cylinder engine is the firing order of the cylinders. - In
the design of multi-cylinder engines embodying two par-
allel banks of cylinders where all of the pistons are con-
nected to a single crankshaft, the firing or ignition of the
fuel and air charges in the cylinders in each bank do
not occur at regular intervals,

In a conventional eight cylinder- engine having two
banks of four cylinders each, successive firing of two
cylinders occurs in each bank and the remaining cylinders
of the banks are alternately fired. Thus during a. com-
plete cycle of ignition or firing of the eight cylinders in
an engine of this character, two successive exhaust im-
. bulses occur in each exhaust manifold of each of the
banks of cylinders. The irregularity of the pressure
impulses in each exhaust manifold sets up irregular or
nonrhythmic pulsations of the gas streams which cause
a distinct audible throbbing in each exhaust gas duct
arrangement. Efforts to eradicate this audible throbbing
have heretofore been unsuccessful.
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The present invention embraces a system and apparatus
satisfactorily attenuating sound waves entrained in multi-
ple gas streams subjected to irregular pressure 1mpu1ses.

An object of the present invention is the provisxpn of
a system or method of blending streams of gas in an
intermediate zone or chamber and attenuating sound
waves in the zone or chamber and thereafter direct@ng
the blended gases through one or more sound-attenuating
means whereby substantially all of the objectionable
sound waves are damped out or attenuated prior to the
discharge of the gases from the sound-attenuating means. :

An object of the invention is the provision of a method
or system of blending gases of dual exhaust gas streams
from an internal combustion engine wherein . pressure
impulses in the streams occur ‘at nonuniform inteljvals
whereby the pressures of the impulses are substantlal}y
neutralized or equalized and sound waves attenuated in
the blending zone and the blended gases delivered to one
or more sound-attenuating means wherein further sound-
attenuation ensues and audible sounds otherwise arising
from the nonuniform impulses are substantially eradi-
cated or their audibility rendered unobjectionable. )

Anocther object of the invention resides in a system
and apparatus for blending dual exhaust gas streams fro§n
banks of cylinders of .a multi-cylinder engine wherein
pressure impulses in, the exhaust gas streams may be
unequal in magnitude and-of irregular occurrence where-
by objectionable sound waves entrained in the gas streams
are substantially attenuated.

Another object of the invention is the provision of an
intermediate or transition chamber in which two or more
gas streams are blended to smooth out or minimize pres-
sure impulses in the sireams and in which sound waves
are attenuated.

Another object of the invention is the provision of a
sound-attenuating chamber adapted to receive dual ex=
haust gas streams wherein the gases of the streams are
directed toward each other and blended together ‘whereby
sound waves entrained in the streams are attenuated.

Another object of the invention is the provision of a
resonator chamber adapted to receive and accommodate
two streams of exhaust gases from an internal combustipp
engine, the chamber embodying gas passage means facili-
tating transverse or cross flow of gases within the cham-
ber whereby one or more streams of blended gases are
delivered from the resonator chamber.

Still a further object of the invention is the provision
of an intermediate chamber for use in an exhaust gas
system of an eight cylinder engine from which dual ex-
haust streams are delivered into the chamber, the cham-
ber having gas passage means in transverse spaced rela-
tion within the chamber, the walls of the gas passage
means being formed with openings or open areas forming
acoustic couplings with compartments within the chamber’
for attenuating sound waves and for facilitating trans-
verse flow and blending of exhaust gases whereby the
gases flow through the chamber into outlet or discharge

‘means with a minimum of back pressure.

Further objects and advantages are within the scope
of this invention such as relate to the arrangement, opera-~
tion and function of the related eléments of the structure,
to various details of construction and to combinations of
parts, elements per se, and to economies of manufactire
and numerous other features as will be apparent from
a consideration of the specification and drawing of a form
of the invention, which may be preferred, in which:

FIGURE 1 is a schematic plan view of an exhaust sys-
tem for a multi-cylinder engine embodying dual banks of
cylinders arranged in parallel relation with a separate
exhaust manifold for each bank of cylinders;

FIGURE 2 is a view similar to FIGURE 1 showing a
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modified position of a gas blending chamber forming
a component of the system;

FIGURE 3 is a view similar to FIGURE 2 illustrating
a modified form of gas blending chamber of the invention;

FIGURE 4 is a view similar to FIGURE 3 illustrating
another form of gas blending chamber of the invention;

FIGURE 5 is a longitudinal sectional view of one form
of gas blending and sound-attenuator chamber of the
invention; ‘

FIGURE 6 is a transverse sectiona] view taken sub-
stantially on the line 6—6 of FIGURE 5;

FIGURE 7 is a longitudinal sectional view showing
another form of gas blender and sound-attennator of the
invention;

FIGURE 8 is a longitudinal sectional view showing
another form of gas blending and sound-attenuating
means, and

FIGURE 9 is a schematic view illustrating another
form of gas blending chamber and sound-attenuator.

While the invention has particular utility in blending
gasés from dual exhaust gas streams from an internal
combustion engine ufilized as a prime mover or power
unit for an automotive vehicle, it is to be understood that
the system and apparatus of the invention may be utilized
wherever the same may be found to have utility.

The invention has particular utility with the exhaust
system of a multi-cylinder engine of the type embodying
parallel banks of cylinders such as an eight cylinder engine
with four cylinders in each bank. A separate exhaust
manifold is provided to accommodate exhaust gases from
each bank of cylinders. In eight cylinder engines com-
prising two banks of ‘cylinders wherein the pistons are
connected with a single crankshaft, the arrangement does
not permit of successive firing of cylinders alternately

from each bank throughout a complete firing cycle of the

eight cylinders.

During a complete cycle of ignition or firing of all
eight cylinders of the engine, there are two periods where-
in two cylinders of one bank are fired in succession and
two cylinders of the opposite bank fired in succession,
the ‘others being alternately fired from opposite banks.
This condition results in two exhaust impulses in close
succession in one manifold and two exhaust impulses in
close succession in the opposite manifold, while the other
four cylinders are fired in alternate relation from each
bank and hence the exhaust impulses therefrom in each
of the manifolds are spaced at twice the time interval.

In the conventional exhaust gas system wherein the
exhaust gas stream from each manifold is conveyed
through a sound-attenuating means or muffler and dis-
charged through =2 tail pipe to the atmosphere, the irreg-
ular exhaust impulses in each manifold causes a throbbing
or pulsing sound, the sound waves of which are difficult
of attenuation and such sounds give an audible impression
that the engine is not operating smoothly. Furthermore
such irregular pulsations in the exhaust system set up a
resonance reaction in the conventional sound-attenuating
means or muffler which may audibly intensify. rather than
attenuate the sound waves of the pulsations.

The schematic illustrations of system and apparatus
of the invention for blending the exhaust gas streams are
shown with eight cylinder engines having two banks or
blocks of four cylinders each. With particular reference
to FIGURE 1 the outline of a top plan view of a vehicle
body is illustrated at 20 which is carried upon a suitable
frame structure (not shown) the vehicle:being equipped
with front and rear bumpers designated respectively 22
and 23. Cradled in the forward region of the frame
structure of the vehicle and supported thereby is an in-
ternal combustion ‘engine 25 of the eight cylinder type
having two banks or blocks of cylinders designated respec-
tively 27 and 28, each bank being inclusive of four cyl-
inders:

The engine is connected through suitable transmission
mechanism (not shown) for driving the vehicle wheels
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in the conventional manner. The bank of cylinders 27
is provided with a manifold 32 with four branches con-
nected with ‘the exhaust openings in the engine block
and through which exhaust gases from the cylinders are
delivered into the manifold 32.

The block portion of the engine containing the ‘bank
of cylinders 28 is provided with a manifold 34 substan-
tially identical with manifold 32 having branches con-
nected with the exhaust outlets of the cylinders 28 for
conveying exhaust gases away from the engine. Thus
each manifold conducts an individual exhaust gas stream
from the engine:

In the arrangement shown in FIGURE 1, the manifold
32 is connected with an exhaust pipe 36 and the manifold
34 is connected with a similar exhaust pipe 38, each of
the exhaust pipes being arranged to comvey its exhaust
gas stream into a gas blending and sound-attenuating
unit 48. )

As {llustrated in FIGURE 1, the cylinders in the bank
27 are numbered 1 through 4 from the front to ‘the rear
of the engine and the cylinders in the bank 28 are num-
bered 5 through 8. While several firing orders of the
cylinders in an eight cylinder engine are possible, a typical
firing of the cylinders occurs in the following order as
numbered in FIGURE 1, viz. cylinders 1, 5, 4, 8, 6, 3, 7,
and 2.

From this illustration of firing order, it will be noted
that cylinders 2 ‘and ‘1 of bank 27 of cylinders are fired
successively and in the opposite bank 28, ‘cylinders 8
and 6 are fired successively. ‘Thus the successive firing of
cylinders 2 and 1 during engine operation produces two
‘succeeding pressure impulses in the gasés in the manifold
32 and the exhaust pipe 36. In the opposite bank 28,
the firing of cylinders 8 and 6 in succession causes suc-
ceeding impulses in the gases in manifold 34 and the
exhast pipe 38. When the remaining four cylinders are
fired to complete a firing cycle, the successive ignition
or firing of these cylinders occurs in alternate succession
of cylinders in opposite banks. .

Thus the lapsed time between the firing of cylinders
1-and 4 and between 3 and 2 in the bank 27 is greater
than the lapsed time between the firing of cylinders 2
and 3. Correspondingly, the lapsed time between the
firing of cylinders 5 and 8 and between 6 -and.7 is
greater than the lapsed time between the firing -of
cylinders § and 6.

Therefore in each manifold, there are two successive
pressure impulses and two impulses occurring at greater
time intervals during a complete firing cycle. ~Thus the -
pressure impulses in both exhaust gas streams delivered
through the exhaust pipes 36 and 38 are irregular and
when the gas streams are respectively directed through
individual mufflers, objectionable audible throbbing . or
pulsing occurs. In the present invention the pulsations
causing the throbbing are damped out or substantially
equalized in a gas blending and sound-attenuating unit.

The gas blending and sound-attenuating unit 40 shown
in FIGURES 1, 5 and 6.is in the form of an elongated
chamber which may be positioned transversely ‘of the
vehicle construction as shown in FIGURE 1 or may be,
disposed lengthwise of the vehicle in the manner illus-
trated schematically in FIGURE 2. The structural
arrangement of the gas blending and sound-attenuating
unit 40 illustrated in FIGURES 5 and 6 is inclusive of
an elongated hollow or tubular shell or shell construc-
tion 42 provided at its ends ‘with closures or cover
members 44 and 46.

The shell construction is formed of sheet metal and
may be of a single sheet of metal or a double layer
shell of the character shown in FIGURES 5 and 6..-In
this form, the shell may be constructed of two sheets of
metal designated 48 and 49 which are configurated to
generally oval shape and have their adjacent end re-
gions lapped an® ssamed as:shown at 59, or the shell
may be formed of a single metal sheet rolled upon
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itself to provide a multiple layer wall. ~One of the shells
or layers such as the outer shell 49 may be formed with
longitudinally extending, peripherally spaced recesses
52 which provide longitudinally extending ribs 54 in the
manner shown in FIGURE 6. The depressed portions
or recesses 52 of the metal of the outer shell engage
the exterior surface of the inner layer or shell member
48 to position the major areas of the outer shell from the
inner shell, the ribs or raised portions 54 forming with
the inner shell longitudinally extending air chambers
which assist in damping sound waves and in reducing
shell noise. :

- The space between the inner and outer shell members
48 and 49 may be filled with a layer of asbestos or
other heat resistant material such as a layer of rock woo!
or glass fibers having sound damping or scund-attenu-
ating characteristics and also serves as heat insulation,
If desired, the shell construction may be a single sheet
of metal formed to tubular shape or a sheet of meial
wrapped upon itself to form a double layer shell with
overlapping end regions welded together.

In the shell construction illustrated in FIGURES 5
and 6, -the recesses 52 terminate a slight distance from
the ‘ends of the shell and ‘the end regions of the shell
members 48 and 49 brought into contiguous relation to
accommodate the end closures 44 and 46.

Each of the end closures is  formed with an oval
shaped ledge 59 which fits within the end region of the
inner shell layer 48, each end closure being formed
with- a: flange portion 61 which is bent around or spun
into the shape shown in FIGURE 5 to form a gas tight
seal between each of the end closures and the tubular
shell. construction.

The unit 49 is inclusive of gas passage means disposed
within' the shell provided “with acoustic couplings for
sound-attenuating purposes and for accommodating
transverse -or cross flow of gases within the shell con-
struction to a' gas outlet means. As particularly shown
in FIGURE 5, each of the end closures 44 and 46 is
formed with two openings defined by circular inwardly
extending flanges 64. )

Two of the openings form gas inlet means and two
of the openings form gas outlet means. Disposed ‘with-
in the flanged openings respectively are short tubular
members, fittings or couplings 65, 67, 68 and 69. Two
of  these couplings ‘are connected respectively with the
exhaust pipes 36 and 38 and the other two couplings
are connected with gas discharge pipes or ducts 71 and
73 shown in FIGURE 1. The pipes or tubes 71 and 73
may be connected - with mufflers or sound-attenuating
units 75 and 76 of conventional construction. Each
of the sound-attenuating units or mufflers 75 and 76
may be provided with an exhaust discharge tube or tail
pipe 78 adapted to discharge the exhaust gases to the
atmosphere,

In the embodiment illustrated in FIGURES 5§ and 6
_ the gas passage means disposed within the shell 42
‘comprises two tubular members 8¢ and 82. The gas
passage tube or means 80 is in registration with the
tubular coupling members 66 and 67 and may be sup-
ported thereby. The walls of the tubular gas passage
means 80 are provided with a comparatively large
number of small openings or open areas 84 which are
spaced lengthwise and peripherally of the member 80
to facilitate transverse flow of gases through the open-
ings into the interior of the shell. :

The 'gas passage means. or tubular’ member 82 is of
similar character and its walls are provided with a com-
paratively large number of small openings or open areas
86 to facilitate transverse or cross flow of gases. The
gas passage means 82 is in registration with and may be
supported by the coupling members 68 and 69. While
the gas passage means illustrated in FIGURE 5 extend
substantially the length of the shell between the “end
closures, -the gas passage means may be formed of
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6 ,
tubular members of lesser length as in forms of the ifi-
vention hereinafter described.

The number and size of the openings 84 and 86 in
the gas passage means are sufficient to facilitate or foster
the interchange or cross flow of gases from one gas
passage means to the other without setting up appreci-
able back pressure to the flow of gases. The openings
or open areas 84 and 86 form acoustic couplings with
the chamber defined by the shell 42 and the end closures
44 and 46 for attenuating sound waves entrained in the
gas streams.

There is provided interiorly of the shell 42 one or more
partitions or transversely extending walls which subdivide
the interior of the shell into two or more compartments
or chambers. As shown in FIGURE 5 there are three
transversely extending walls or baffles designated respec-
tively 98, 92 and 94, which are spaced lengthwise of the
shell providing sound-attenuating and gas transfer cham-
bers or compartments 95, 96, 97 and 98. It has been
found that by utilizing one or more transverse partitions
or walls to subdivide the interior of the shell into com-
partments that improved sound-attenuation is obtained.

Each of the transversely extending walls 90, 92 and 94
is- preferably formed with a plurality of openings 100
shown in FIGURE 6 to facilitate transfer or flow of gases
lengthwise of the shell from one compartment to another
in-addition to-the gas passage areas provided by the per-
forations or openings 84 and 86 in the gas passage means.

- In the arrangement shown in FIGURE 1 the exhaust
pipes 36 and 38 may be connected respectively with the
tubular coupling members 66 and 67 shown in FIGURE,
5 whereby both exhaust gas streams from the manifolds
32 and 34 flow into the interior of the shell 42 through the
inlet gas pressure means or tube 80. The exhaust dis-
charge tubes 71 and 73 shown in FIGURE 1 may be re-
spectively connected with the tubular members or cou-
plings 68 and 69 for conveying dual streams of exhatust
gases from the unit 40 to additional sound-attenuating
means or mufflers 75 and 76.

The mufflers 75 and 76 may be of the conventional
character utilized for attenuating sound waves in moving
gas streams and each is provided interiorly. with gas pas-
sage means formed with orifices forming acoustic cou-
plings with the adjacent regions within the muiffler for at-
tenuating sound waves. As the details of construction of
the muffler 75 and 76 form no part of the present inven-
tion they are illustrated only schematically in FIGURE 1.

Each of the transversely extending walls or baffles 29,
92 and 94 is preferably formed with a peripheral flange
164 which snugly fits the interior surface of the inner
shell 48, and the central region of each of the walls may
be formed with a raised disk-like portion 106 to lend rigid-
ity to the walls. FEach of the walls may be additionally
provided with flanges 108 defining circular openings to
accommodate the gas passage tubes or members 80 and
82, the walls 90, 92 and 94 providing additional support
for the gas passage means 80 and 82.

In the use of the gas blending and sound-attenuating
unit 40 in the exhaust system exemplified in FIGURE 1,
the gases from the exhaust pipes 36 and 38 flow .into
the" gas passage means 80 thence transversely through the
openings 84 in the tube 80 through the compartments 95,
96, 97 and 98 and the openings or open areas $6 into the’
gas passage tube 82 and are conveyed away from the unit
40 by the discharge tubes-71 and 73 into the mufflers or
additional sound-attenuating devices 75 and 76.

When the engine cylinders in alternate banks are fired -
in succession, there is an exhaust or pressure impulse set
up in one direction through the gas passage means 890,
and the succeeding fired cylinder in an opposite bank sets
up a pressure- impulse in the ‘gas stream in . the opposite
direction in the tube 80. When two cylinders in one of
the banks of cylinders are fired in succession, two succeed-
ing ‘pressure impulses are imparted to the gases in one
direction in the gas Passage tube 80 and the successive
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firing of two cylinders in the opposite bank, two succes-
sive impulses are set up in the exhaust gas stream in the
opposite direction in the gas passage tube 8§0.

Without the use of the gas blending and sound-
attenuating unit of the invention :these successive im-
pulses in one direction in a gas stream set up an audible
throbbing and the sound waves accompanying these im-
pulses cannot be satisfactorily attenuated in a conven-
tional sound-attenuating means or muffler. In the system
of the present invention, the pressures of the irregular
impulses in the exhaust gas streams are substantially
equalized within the unit 40 as the gases flow transversely
through the sound-attenuating compartments and into the
exhaust discharge gas passage means 82.

‘The flow of gases from the gas passage tube 82 is
smoothed out through the cross flow and pressure equal-
jzation of gases within the unit 40 and the objectionable
sound waves which would normally- cause throbbing are
substantially nullified, damped out or attenuated through
the acoustic couplings 84 and 86 in the gas passage means
€9 and 82 and by the reaction forces of opposed pressure
impulses in the gases moving in opposite directions in the
gas passage means 80.

Thus during the operation of an eight cylinder engine

with which the exhaust system of the present invention is

employed, there are successive Teversals in direction of
the flow of exhaust gases in the gas passage means 80
except when the two sets of successive pressure impulses
occur in each manifold during a complete firing cycle of
all of the cylinders of the engine.

The gas pressures between adjacent sound-attenuating
and gas transfer chambers or compartments formed by
the transversely extending partitions are substantially
equalized through the provision of the openings 100
formed in the walls.
ings or open areas’ 84 and 86 of about one-eighth of an
inch diameter provide satisfactory acoustic couplings, the
mumber of such openings being sufficient to permit the
transverse flow of gases from the gas passage means 80
into the gas passage means 82 without sefting up appreci-
able back pressure. . It is found that the openings 109 may
_be about five-eighths of an inch in diameter, there being
four openings in each wall as illustrated in FIGURE 6 to
_establish equalization” of pressures in the several com-
partments-in the unit.

FIGURE 2 is illustiative of a modified positioning of
the gas blending and sound-attenuating unit 40 wherein
the unit 40 is disposed lengthwise of the vehicle. The
exhaust gases from the manifolds enter the unit 49 at
one end and are discharged in dual streams through the
other end of the unit. In this arrangement exhaust pipe
36’ may be connected with the coupling member or tubu-
lar member 68 and the exhaust pipe 38° connected with
the tubular member 66 -shown in FIGURE 5.

The tubular members 67 and 69 then become outlet
passages for the gas streams moving through the unit
40, the outlet member 67 being connected with an ex-
haust conveying tube 110 and the outlet member 69 con-
nected with an exhaust conveying tube 112. These tubes
may be connected with  sound-attenuating mufflers 76
and 75’ respectively, each muffler being provided with a
tail pipe 78’. In the arrangement of FIGURE 2, the
‘dual exhaust gas streams enter the unit through the gas
passage tubes 80 and 82 at one end of the shell and are
discharged through the opposite ends of the tubes.

The gases moving through the unit 40 may flow trans-
.versely or crosswise from one gas passage means to the
other through the openings 84 and 86 effecting a sub-
stantial equalization -of the irregular pressure impulses
in the exhaust gas streams whereby a more smooth flow
of the gases from the unit 40 is attained. Substantial
sound-attenuation occurs in the unit 40, and particularly
those sound waves-set up by the irregular impulses oc-
.curring in each gas passage tube are substantially atten-
uated within the unit 40

Tt has been found that the open- g;
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When successive impulses occur in the exhaust stream
moving through the tube 80, the gas pressure is.momen-
tarily increased at each jmpulse causing increased flow of
gases through the openings or open areas 86 into the ad-
jacent chambers -in which the successive .impulses are
cushioned or substantially neutralized. Thus there:is a
continuous blending or mixing of gases within' the unit
as they flow from one gas passage means to the other
which substantially equalizes the differential pressures
in the exhaust gas strears set up by the irregular pressutre
impulses occurring in the streams and -the sound waves
set up by such impulses are effectively attenuated.

FIGURE 3 is illustrative of an exhaust gas system of
the invention embodying a gas blending and ‘souiid-at-
tenuating unit 115 of the character illustrated in FIG-
URE 7. This form of unit 115 is inclusive of a shell 117
which may be of single or double wall construction as
described in connection with the unit 40, the shell illus:
trated in FIGURE 7 being of the double wall type. The
shell 117 is equipped with end closures 118 and 120,
each being provided with an inlet opening and an out-
let opening. The inlet openings accommodate exhaust
inlet couplings or fittings 122 and 124 which  are
adapted to be connected respectively with the- exhaust

pipes 36" and 38" shown in FIGURE 3.

The end heads 118 and 120 are each provided with an
outlet opening, the outlet in the end head 118 accommo-
dating a coupling 126, the outlet in the end head 120 ac-
commodating a coupling 128. Disposed in longitudinaily
spaced relation within the shell 117 are transversely ex-
tending walls or baffles 130, 132 and 134, Inlet:gas pas-
sage means are disposed within the unit 115 for:convey-
ing exhaust gases from the dual exhaust streams into the
interior of the shell 117,

Arranged in registration with the inlet coupling 122 is
a gas passage means in the form of a tubular member
136, one end region of which extends into the coupling
122 carried by a flange 137, defining the inlet opening.in
the end head 118, and a flange 138 defining an opening
in the transverse wall 130. The periphery of the tubular
gas passage means 136 is provided with a comparatively
large number of small openings or orifices 140 which
establish communication with a gas transfer and sound-
attenuating chamber 142 defined by the end head 118 and
the wall 130. '

The inlet fitting 124 carried by a flange 144 defining
the inlet opening in the end head 120 and a flange 146 de-

fining an opening in the wall 134 support the end re-

gions respectively of a gas passage means or tube 148
as shown in FIGURE 7. The peripheral area of the tube
148 is formed with a comparatively “large number of
small orifices or openings 150 which establish communi-
cation with a sound-attenuating and gas transfer cham-
ber 152 defined by the end head 120 and the wall 134,
The walls 130, 132 and 134 define sound.resonating
chambers 154 and 156.

The tubes. 136 and 148 open into the chambers 154 and
156 respectively and these chambers serve as gas transfer
means and to attenuate comparatively low frequency
sound waves entrained in the exhaust gas streams. Ar-
ranged centraily and lengthwise of the chamber defined
by the shell 117 is a tube 158 which extends through
openings in the transverse walls 130, 132 and 134. - The
tube 158 establishes communication between the ' cham-
bers 142 and 152 and serves -to ‘assist in the equaliza-
tion of gas pressures in the chambers 142 and 152 re-
sulting from the irregularity of pressure impulses in the
exhaust gas streams.

The arrangement shown in FIGURE 7 is inclusive
of a gas passage means or tubular member 169 for con-
veying exhaust gases from -the interior of the unit 115
through the outlet fittings 126 and 128 into the exhaust
tubes or ducts 162 and 164 shown in FIGURE 4. The
exhaust gases may be conveyed through additional sound-
attenuating means or mufflers 166 and 168 from which
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the eéxhaust gases are discharged to the atmosphere
through tail pipes 78"".

In the form of construction shown in FIGURE 7, an
exhaust outlet gas passage means or tube 160 is provided
having its end regions in registration with the outlet fit-
tings . 126 and 128. The wall area of the gas passage
tube 16¢ is provided with a comparatively large number
of small openings 170 spaced lengthwise and periph-

erally of the tube 169 throughout substantially ‘its en--

tire area whereby communication is established with the
chambers 142, 152, 154 and 156.

It will be apparent that the gases entering the inlet
122 from the exhaust pipe 36’ may pass through open-
ings 140 through chamber 142 and openings 170 into the
gas passage tube 160, or through the chamber 154 and
openings 17¢ into the tube 160. Gases entering the inlet
tube 148 may pass through the openings 150, chamber
152 and openings 170 into the tube 160, or the gases may
flow through the rescnating chamber 156 and into the
gas passage tube 160 through openings 17¢. The gases
in chambers 142 and 152 may flow in either direction
through the pressure equalizing tube 158.

Low frequency sounds are damped or. attenuated in
the’ resonators or chambers 154 and 156. Transfer of
gases from the inlet tubes to the tube 160 may also. be
effected through the chambers 154 and 156 and through
the openings 170 in communication with these chambers,
The openings 140, 148 and 170 form acoustic couplings
with the adjacent chambers in the shell 117 for attenuat-
ing intermediate and comparatively high frequency sound
waves as well as to establish means facilitating- transverse
flow of exhaust gases from the inlet gas passage tubes to
the outlet or discharge gas passage means. :

In this form of construction, the transversely extend-
ihg walls 130, 132 and 134 are otherwise imperforate ex-
cept for the openings accommodating the inlet gas pas-
sage means 136, 148, the pressure equalizing tube 158,
and the discharge gas passage tube 160.

The irregular gas pressures arising through irregular
exhaust impulses imparted to the streams are substantially
equalized within the unit 115 so that the exhaust gases
discharged through the outlets in communication with
the tube 160 flow more uniformly from the unit, and
substantial ranges .of sound waves of audible frequencies
are attenuated within the unit whereby the additional at-
tenuating means or mufflers 166 and 168, shown in FIG-
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URE 3, are enabled to effectively attenuste remaining .’

sound waves in.the exhaust streams which are within the
objectionable audible range.

Another form of gas blending and sound-attenuating
unit of the invention is illustrated in FIGURES 4 and 8.
In this form, the exhaust pipes 36a and 38a are con-
nected with inlets in a gas blending and sound-attenuat-
ing unit 175." "The unit 175 is inclusive of a tubular shell
177 which may be of double wall construction or single
wall construction as heretofore described in connection
with other forms of unit, The shell 177 is provided
with end heads 178 and 180, the head 178 being provided
with an inlet ¢coupling 181 and an outlet coupling 182,
and the end head 180 provided with an inlet coupling 184
and an outlet coupling 186, .

Disposed centrally in the shell 177 and extending
transversely thereof is a baffle or wall 188 which is pro-

vided ‘with four openings 190 which are arranged in .

spaced relation similar to the arrangement of openings
100 illustrated in FIGURE 6. . The openings 190 are ap-
proximately five-eighths of an inch in diameter although
other size openings may be utilized to facilitate transfer
of gases from one side of the wall 188 to the other fo
facilitate pressure equalization.

Spaced lengthwise from the central baffle.or wall 188
are baffles 192 and 194 which with the central baffle 188
form chambers 195 and 196. These chambers provide
for transfer of gases transversely of the shell as well as
to function as. resonating chambers for_attenuating low
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frequency sounds. " The end head 178.and the baffle or
wall 192 support a gas passage means 198, the peripheral
wall area of which is provided with a comparatively
large number of small openings 200,

Spaced transversely opposite the tube 198 is a gas.
passage means or tube 202, the end regions of which are
supported by the end head 178 and the wall 192, the
peripheral area of the tube 202 being formed with a com-
paratively ‘large number of small orifices or openings
204.- The end head 178 and wall 192 define a chamber
or zone 286 which facilitates transverse flow of gases
from the openings 200 into the tube 202 ‘through the
openings 204, the openings forming acoustic couplings
in communication with the chamber 206 for attenuating
intermediate range and high frequency sound waves.

-~ Both of the gas passage means or tubes 198 and 202
cpen into the low frequency resonator and gas transfer
means or chamber 195 so that some of the gases may
flow transversely from tube 198 into.the open end of
tube 202 through the chamber 195. The inlet fitting or
coupling member 184 is in registration with an inlet tube
or gas passage means 210, the end of which opens into
the chamber 196. The outlet fitting or member 186 is in
registration was a gas passage means or tube 212, the
end of which opens into the chamber 196 whereby gases
may be transferred from tube 210 into tube 212 through
the resonator chamber 196, .

-'The peripheral wall or area of tube 210 is provided
with a comparatively large number of small openings.
214 and the peripheral area of the gas passage tube 212
is likewise provided with a comparatively large number
of small openings 216. Thus some of the gases from
the inlet tube 210 may flow through the openings 214
through the chamber 218 and into the tube 212 through
the openings 216 providing an additional path for the
transfer of gases from tube 210 into the tube 212. The.
chamber 218, defined by the end head 180 and the wall
194, provides a gas transfer and sound-attenuating cham-
ber or compartment.

The openings 214 and 216 form acoustic couplings
with' the chamber 218 for attenuating medium range
and high frequency sound waves. The installation of
the unit 175 in the exhaust system is illustrated in FIG-
URE 4 wherein the inlet gas passage tubes 198 and 210
are respectively connected with the exhaust pipes 36a
and 38a whereby the dual exhaust streams of gas are
conducted into the unit 175 in opposing directions.

The outlet gas passage tubes 202 and 212 are con-.
nected respectively with exhaust conveying tubes 219
and 220 the exhaust tube 202 being connected with a dis-
charge pipe 219 and the exhaust tube 212 connected with
a discharge tube 220.

The pipes 219 and 220 are respectively connected with ‘
additional silencers or sound:-attenuators 222 and 224
which are of conventional construction for. attenuating
sound waves that may be unattenuated in the unit 175,
the exhaust gases from the mufflers 222 and 224 being
discharged -to the atmosphere through tail pipes 78a.

In the use of unit 175 in the exhaust system, the gas
streams enter the inlet couplings 180 and 184 from each
of the engine exhaust manifolds and the gases flow trans-
versely to the discharge tubes 204 and 212 through the
chambers 206 and 218 and through the transfer cham-
bers 195 and 196. The chambers 206 and 218 through
the medium of the small openings in the walls ‘of the gas
passage tubes serve to attenuate medium and high fre-
quency sound waves and the chambers 195 and 196
function as resonator chambers to attenuate sound
waves mostly of a low frequency range.

The ‘openings. 190 in the central baffle 188 provide
communication between the resonator and gas transfer
chambers 195 and 196 for equalizing gas pressures of the
exhaust gas streams entering the unit 175 whereby the
irregular pressure impulses in the incoming gas streams
are substantially equalized or neutralized so .that a .
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smoother flow of exhaust gases is obtained from the unit
through the exhaust conveying tubes 219 and 220.

‘Through this system the audible throbbing and pulsing
sounds in the gas streams are substantially eradicated or
damped out. In this manner the streams of gases con-
ducted to the sound-attenuating mufflers 222 and 224 are
endowed only’ with unattenuated sound waves of sub-
stantial regularity which are more readily attenuated in
the muffler units 222 and 224 and thus all or substan-
tially all of the objectionable sound waves in the audible
range are attenuated either in the gas blending and at-
tenuating unit 175 or in the mufflers or sound-attenuating
units 222 and: 224.

Another form of sound-attenuating and gas blending
unit 230 of the invention is illustrated in FIGURE 9,
the construction being illustrated in schematic form. The
unit 230 includes-a shell 232 and end heads 234 and 236.
Each end head is provided with an inlet opening accom-
medating couplings 237 and 238 which are connected by
means of a gas passage-inlet means or tube 249.

The:end heads 234 and 236 are provided respectively
with outlet couplings 242 and 244 which are connected
by a gas passage means or tube 246 in registration with
the couplings.” Disposed centrally of the shell 232 is a

transversely extending wall or baffle 250 provided with

openings throngh which extend the gas passage tubes 240
and 246. The central region of the baffle or wall 250
is- provided' with a comparatively large opening 252 for
establishing communication between the chambers 254
and 256 formed by the end heads and the central wall
250.

The “inlet couplings' 237 and 238 may be connected
respectively with the exhaust pipes from the engine in

the manner described in connection with other forms of

the invention, and the outlet fittings 242 and 244 con-
nected with discharge pipes or conduits for conveying
exhaust gas streams away from the- gas blending and
sound-attenuating unit 230. The exhaust conveying tubes
may be connected with sound-attenuating mufflers or units
which: may be of conventional construction, the -exhaust
from the mufflers being discharged to the atmosphere
through tail pipes:

The sound-attenuating and- gas blending unit 230 may
‘be comparatively short as-for example ten or twelve inches
in'length and the central’ opening 252 in the baffle 259
may be: approximately two and'.one half to three inches

in diameter. The opening 252 should be of a size which-

permits or facilitates equalization of gas pressures in
chambers 254 and 256 set up by the irregular firing im-
pulses transmitted’ to the exbaust streams- entering the
unit 230.

The tube 249 has its peripheral wall area provided with
a large number of small opehings 241 and the tube 246
likewise provided  with a large number of small openings
247 to facilitate transverse flow of gases from one gas
passage means to the other within the shell 232. The
openings' 241-and- 247 in the walls- of the gas passage
means form acoustic couplings with the chambers 254
and 256 for attenuating sound waves entrained in the gas
streams.

1t will be apparent from the foregoing description that
in all forms of the combined gas blending and sound-
attenuating unit, means are provided to foster or facilitate
transverse flow of exhaust gases within the unit and, at
the same time, sound waves of lengths that may be at-
tenuated-are eradicated within the unit and the irregular
pressure impulses in the exhaust gas streams are smoothed
out so that sound waves remaining unattenuated in the
blending unit may be satisfactorily attenuated in the
mufflers or additional attenuating units through which the
exhaust streams may be delivered after they have been
discharged from the gas blending unit.

In all forms of the gas blending and sound-attennating

unit, the number and size of openings in the walls of the’

gas passage-means-are provided sufficient to facilitate trans-
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verse flow of the gases without setting up appreciable back
pressure or impediment to the incoming gases. It has been
found that openings of about one-eighth of an inch in
diameter in the walls of the gas passage tubes have been’
found satisfactory to provide for transverse flow of the
gases and to provide acoustic couplings for attenuating
sound waves entrained in the gas streams. The sound-
attenuating and gas blending units are preferably of oval
configaration’ such as that illustrated in FIGURE 6 in
order to obtain as much vehicle road clearance as possible
and facilitate the positioning of the unit close to the floor
of the vehicle. The conventional mufflers or sound-at-
tenuating units adapted to be connected with the exhaust
streams discharged from the gas blending unjt may be of
the character shown in my prior Patent 2,661,073 granted
September 6, 1955 or of other suitable conventional con-
struction. :

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

I claim: )

1. A system for blending gases of dual gas streams
and attenuating sound waves of the streams including an
elongated chamber having an inlet opening in each end
and an outlet opening at one end, pipes arranged to con-
duct gas sireams through the inlet openings: to the in-
terior of the chamber, tubular gas passage means in the
chamber connected with the inlet openings, the tubular
gas passage means being formed with a plurality of spaced
open ateas, a second gas passage means in -said chamber
in registration with the outlet opening and being formed
with a plurality of spaced open areas, the open areas
forming acoustic couplings with the chamber for attenuat-
ing sound waves in the gas streams and facilitating trans-
verse flow and blending of the gases of the streams with-
in the chamber prior to their discharge through the outlet:

2. An exhaust system for an-internal combustion en-
gine having dual exhaust manifolds including an elon-
gated' chamber having an inlet opening in. each end and
at least one outlet opening in one end, pipes connecting’
the manifolds with the inlet passages respectively, gas
passage meéaris in the chamber in registration with' the
inlet passages including a tube, the wall of the tube being
formed' with a plurality of orifices, a second gas-passage
tube in the chamber in registration with the outlet open-
ing; the wall of said second tube being formed with a
plurality ‘of orifices, transversely disposed longitudinally’
spaced walls in said chamber forming the same into com-
partments, said orifices forming acoustic couplings with
the compartments for attenuating sound waves-in the
exhaust gas streams and facilitating transverse flow of
exhaust gases from one gas passage means to the other
to foster equalization of gas pressures within the cham-
ber prior to the discharge of exhaust gases through the
outlet.

3. A combined gas blending and sound-attenuating unit’
including an elongated casing having end closures- form-
ing a‘chamber, each closure being formed with -an inlet
and an outlet, said inlets adapted to accommodate flow
of gases into the casing, tubular gas passage means in-said
casing connected with said inlets, tubular gas passage
means in said casing connected with said outlets, means
supporting said gas passage means in transversely spaced
relation in said‘ casing, the walls of said tubular gas
passage means being formed with orifices providing for
transverse flow and blending of gases within the chamber
from the inlets' to the outlets; said orifices forming acoustic
couplings with the chamber for attenuating sound waves
entrained in the gas streams.

4. A sound-attenuation system for use with dual ex-
haust gas streams from an internal combustion engine
having dual manifolds including a sound-attenuating unit
including a casing having-end closures, each closure being:
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formed with an inlet and an outlet, ducts connecting the
inlets with said dual manifolds respectively for conveying
exhaust gases into the casing, tubular gas passage means
in said casing connected with said inlets, tubular gas
passage means in said casing connected with said outlets,
means supporting said gas passage means-in transversely
spaced relation in said casing, the walls of said tubular
gas passage means being formed with orifices providing
for transverse flow of exhaust gases from the inlets to the
outlets, said orifices forming acoustic couplings with the
interior of the casing for attenuating sound waves en-
trained in the gas streams and assisting in blending non-
uniform pulsations of the exhaust gases, and sound-at-
tenuating means connected with each of the outlets formed
in said end closures.

5.. A sound-attenuation system for use with dual ex-
haust gas streams from an internal combustion engine
having dual manifolds, a sound-attennating unit including
a casing having end closures, each end closure being
formed with an inlet and an outlet, ducts connecting the
inlets with said dual manifolds respectively for conveying
exhaust gases into the casing, tubular gas passage means in
said casing connected with said inlets, tubular gas passage
means in said casing connected with said outlets, means
including at least one transverse wall in said casing sup-
porting said gas passage means, said wall having an open
area to accommodate flow of gases therethrough, the walls
of the tubular gas passage means being formed with a
plurality of comparatively small openings' providing for
transverse flow of gases from the inlets to the outlets for
blending the gases of the streams to equalize differential
pressures in the gas streams, said openings forming acous-
tic couplings with the chambers formed by the casing
and the transverse wall for attenuating sound waves en-
trained in the gas streams.

6.”A sound-attenuation system for tise with dual ex-
haust gas streams from an internal combustion engine
having dual manifolds, a sound-attenuating unit including
a casing having end closures, each closure being formed
with an inlet and an outlet, ducts connecting the inlets
with said dual manifolds respectively for conveying ex-
haust gases into the casing, a gas passage tube in said cas-

“ing conmected with said inlets, a second gas-passage tube
in said-casing connected -with said: outlets, a transverse

wall in said casing supporting said gas passage tubes.

said wall having an open area to accommodate flow of
gases therethrough, the walls of the tubular gas passage
means being. formed with a- plurality of ‘comparatively
small “openings providing for transverse flow of gases
from the -inlets to the outlets, said openings forming
acoustic couplings with the compartments formed by the
casing and the ‘wall for attenuating sound waves entrained
in the gas streams-and sound-attenuatifg means- con-
- nected with the “outlets, ‘ :
7.  Apparatus for blending gases of sound entrained
gas’ streams wherein pressure impulses are nonuniform
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including a casing provided with two inlets and two out-
lets, a first gas passage means in the casing in registra-
tion with the inlets, a second gas passage means in regis-
tration with the cutlets, means in said casing forming a
plurality of sound-attenuating chambers, said passage
means being formed with open areas forming acoustic
couplings with the sound-attenuating chambers and fa-
cilitating transfer of gases from the first gas passage means
to the second gas passage means.

8. Apparatus for blending gases of sound entrained gas
streams and attenuating sound including, in combination,
an elongated casing having end closures, each of said
closures being formed with a gas inlet and a gas outlet, a
first walled gas passage means in registration with the
inlets and a second walled gas passage means in registra-
tion with the outlets, a plurality of transversely disposed,
longitidinally spaced members forming compartments
in said-casing, each of said gas passage means having a
plurality of comparatively small openings formed in the

.walls thereof forming acoustic' couplings with compart-

ments in the-casing for attenuating sound waves and pro-
viding for transverse flow. of gases from the first gas pas-
sage means to the second gas passage means.

9. Apparatus for blending sound entrained gas streams
wherein pressure impulses are nonuniform including, in
combination, an elongated casing formed of sheet metal,
end closures for the casing, each of said closures being
formed with a gas inlet opening and a gas outlet opening,
tubular means in alignment with the inlet openings, a
tubular member in- alignment with the outlet openings,
longitudinally spaced, transversely arranged walls in said
casing forming sound-attenuating chambers, the walls of
the tubular means and member being formed with spaced
peripheral open areas to accommodate transverse flow of
gases from the tubular means to the member, said open
areas forming acoustic couplings with the chambers for
attenuating sound waves of the moving gases.
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