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'I'his application is a continuation of our application Ser. 
Number 116,839, filed lune 13, 1961, and entitled, Muffler. 
Our invention relates to the handling of exhaust gases 

and, in particular, concerns a combination exhaust gas 
conduit and silencer that is peculiarly well adapted for 
use on modern, low-slung automobiles. 

It is an object of our invention to provide a combined 
conduit and silencing system that is very small in diameter 
and relatively long in length and adapted to readily ñt or 
be ̀ ñtted in the small space allocated for the exhaust sys 
tem in modern automobiles. 

While other arrangements are possible, in a preferred 
form, our invention comprises a combined conduit and 
silencer unit that h'as a laminated pipe at its inlet end 
which receives exhaust gases from the exhaust manifold. 
A high pass silencing member is connected to the down 
stream end of the laminated pipe. The outlet of the high 
pass member is connected to a low pass member. There» 
after the high pass and low pass members are alternated, 
the unit terminating in a low pass member. 
The invention is illustrated in the accompanying draw 

ings in which: 
FIGURE 1 is a somewhat diagrammatic side elevation, 

partly broken away, of a combined exhaust conduit and 
silencing system embodying the principles of the invention; 
FIGURE 2 is a cross-section broken away along a line 

2_2 of FIG. l, showing a laminated pipe; 
FIGURE 3 is a cross-section along a line 3--3 of FIG. 

1 showing one form of high pass member that may be 
used; 

V FIGURE 4 is a cross-section along the line 4-4 of FIG. 
1 showing one form of low pass member that may be 
used; 
FIGURE 5 is a section through another form of high 

pass silencing member; and 
FIGURE 6 is a plan view, partly in section, of an ex 

haust system embodying the invention for use on a dual 
manifold engine, the low pass or spit chamber members 
being out of scale. 

In FIG. 1 an internal combustion engine 1 has an ex 
haust manifold 3 which empties exhaust gases into an 
exhaust system 5. The system 5 is intended to replace 
the conventional exhaust system which comprises an ex 
haust pipe, a muñler, and a tail pipe. The system 5 is in 
the form of a long conduit carrying the gases from the 
engine at the front end of the chassis of an automobile or 
truck to a discharge point at the rear of the vehicle. The 
system 5 is only slightly larger than the conventional ex 
haust or tail pipe (being preferably no larger than about 4 
inches in maximum diameter and preferably about 3 
inches) and can be bent in any direction at any point 
along its length, as well as flattened or shaped out of 
round, so that it can be fitted to the space available for it 
on the chassis of the vehicle with which it is to be used. 
The system 5 comprises, in downstream order, a pipe sec 
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tion 7, an expansion chamber 11, a pipe section 53, a set of 
spit chambers 15, a pipe section 55, an expansion chamber 
13, a pipe section 57, and a set of spit chambers 17. The 
expansion chambers form high pass silencing elements and 
the sets of spit chambers form low pass silencing elements. 
The various parts of the system are suitably secured to 
gether, as by spotwelds “x.” 
The first silencing component in system 5 is the pipe 

section 7 that conveys the gases away from the exhaust 
manifold 3. This should be formed of tubing having walls 
consisting of more than one layer of metal. We definitely 
prefer that the pipe 7 be laminated pipe comprising two or 
more imperforate, single wall, seam-welded pipes, one in 
side the other and in loose contact with each other. The 
pipe section 7 will act to contain side noise in this part of 
the system. 
The second component of the system 5 is a high pass 

member in the form of an expansion chamber for attenuat~ 
ing notes in the exhaust gases. The system 5 utilizes two 
such members 11 and 13. It may be noted that by lami 
nating the outer casing of the -ñrst expansion chamber 11, 
which is close to the exhaust manifold 3, member 11 can 
also act to contain or attenuate pipe noise. It is most de 
sirable to have the laminated member as close as possible 
to the exhaust manifold 3 and if for some reason it is not 
possible or not desirable to use the laminated section 7, 
then the expansion chamber 11 should be laminated. 
Also, if it is found that lamination of the pipe section 7 is 
insufficient to contain side noise, the expansion chamber 
11 may also be laminated as may pipe section 53. 
The third component of the system 5 is a low pass 

member in the form of a set of spit chambers for removing 
roughness or sharpness and high frequencies not elimi 
nated or contained by the expansion chambers or the lami 
nated pipe. The system 5 utilizes two sets 15 and 17 of 
spit chambers, each of which includes several such cham 
bers, preferably four or more. In a downstream direction 
it will be noted that the high pass member comes ñrst and 
the low pass member last and that the components are 
alternated. We prefer to have a set of spit chambers as 
close as possible to the end of system. 

It is possible to incorporate within an expansion charn-> 
ber other means for making the silencing more effective. 
For example, in the expansion chamber 11 we have a cen 
tral transverse partition 19 and this supports a tube 21 as 
well as subdivides the casing 11 into two internal sub 
chambers 23 and 25. The casing of the chamber 11 may 
be formed with integral reduced end sections 27 and 29 
which contain and support an inlet tube 31 and an outlet 
tube 33. The confronting faces 35 and 37 of the tubes 31 
and 21 may be cut off on sharp angles as shown and also 
may be provided with longitudinally extending slots 39. 
The same is true of confronting faces 41 and 43 of the tube 
21 and the tube 33. The angled faces and the slots give a 
broad banding effect that increases the range of frequen 
cies attenuated ‘by the expansion chamber 11. In expan 
sion chamber 13 a partition 45 subdivides the casing into 
two subchambers interconnected by a restrictive down 
stream extending neck 47 in partition 45, the neck 47 
being preferably of substantially the same diameter as the 
inner diameter of pipe 7, 53, 55 and 57. The various ex 
pansion subchambers can be of the same or different vol 
urnesv depending upon the acoustic results required by the 
particular application. We prefer to use a 3 -inch outer 
diameter and make the length of the expansion chamber 
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long enough to give sufficient volume, this length normally 
being many times the diameter of the pipe sections and in 
all cases preferably at least 12 inches. 
The spit chamber sets 15 and 17 are in the form of 

chambered pipes and together contain a sufficient nurn 
ber of chambers to eliminate roughness and high fre 
quency sound. There are preferably at least four cham 
bers in each set for optimum results. Each of the sets 
comprises an outer shell that is preferably about 21A 
inches in diameter which is reduced, as indicated at 47, 
to form a series of annular chambers 49. The chambers 
may be all of the same size and we have found that 3 
inches is an optimum length. The ends of the shell are 
reduced in diameter to engage an internal straight-through 
pipe, such as the pipe 51, and to lit around the connecting 
pipe sections 53 and 57. The internal conduit 51 contains 
sets of louvers 59 opening into the chamber 49, such 
louvers preferably being of the type disclosed in U.S. 
Patent No. 1,949,074. It will be noted that in addition 
to being the optimum length acoustically, the 3 inch 
preferred length of the chambers 49 provides a structure 
that may be readily bent or flattened to suit the available 
space underneath an automobile or truck. 
FIGURE 5 illustrates a high and medium pass silenc 

ing component in the form of a resonator chamber 61 
which may be used to attenuate very low frequencies if 
they are found to be objectionable in the system 5 as pre 
viously described. The unit 61 would preferably be sub 
stituted for the chamber 11 through it may be placed at 
another point if that will be more effective. It comprises 
an inner tube 63 which is surrounded by an outer shell 
to form a chamber 65 around the tube. Large, non-re 
strictive openings 67 in the tube form the only inlet and 
outlet to the chamber 65 which therefore will act as a 
resonator or tuning chamber to eliminate low frequencies 
to which it is tuned. The size of the chamber 61 is pref 
erably the same as that described in connection with the 
expansion chambers. 
The various silencing components of system 5 may be 

more or less standardized for universal usage so that ex 
haust systems for various automobile models can be made 
up from them by interconnecting them in suñ’icient num 
ber, and in optimum arrangement, by means of pipe sec 
tions. 
The principles of system 5 may be embodied in a dual 

system as shown in FIG. 6 where there is an engine 101 
having two exhaust manifolds 103 and an exhaust sys 
tem 105 in the form of a long tail pipe or gas passage, 
the latter being shown in sections which would actually 
be connected together to form one continuous conduit. 
Each of the sections has an outer tube extending the full 
length of the section which is preferably three inches in 
maximum outer diameter. Two similar conduit sections 
104 lead from each of the exhaust manifolds 103 and 
e'ach conducts the gases along a passage 107 into an eX 
pansion chamber 109 and then into a set of four spit cham 
bers 111. Gases leaving the two sets of spit chambers 111 
enter conduit portions 113 which fit into a Y coupling 
115 and thus merge the two gas paths to provide a high 
pass silencing effect. 

It will be seen that the entire length of each of the 
sections 104 leading to the Y joint 115 is formed from 
tubing which is reduced in diameter at appropriate points 
to form the various chambers. An inner pipe 119 is in 
serted at the inlet or upstream end to form the laminated 1 
portion 107. The outer pipe is reduced at opposite ends 
of the expansion chamber 109 as seen at 121 to provide 
a slight restriction and a larger variation in diameter as 
the gases enter and leave the expansion chamber. In 
side of the spit chamber set 111 is a perforated tube 123 
which is held in place by the reduced portion 121 and 
turned down portion 124 on the downstream side of the 
spit chamber portion. 
A conduit portion 117 forms the outlet for the Y joint 

115. This is the upstream end of a conduit section 125. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

4 
The conduit section 125 is connected to a conduit sec 
tion 127 to complete the exhaust system. The sections 
125 and 127 are formed in the same way as the sections 
104, that is, each comprises a length of outer tubing 
which is reduced in diameter at appropriate spots to pro 
vide sets of spit chambers and expansion chambers sim 
ilar to 111 and 109, respectively. Thus, the section 125 
has a set of spit chambers 129, an expansion chamber 
131, and another set of spit chambers 133. It terminates 
in a bushing section 135 which will receive the upstream 
end `137 of the section 127. The section 137 may be 
bent in a kick-up 139 and it conducts gases to an expan 
sion chamber 141. Gases flow downstream from cham 
ber 141 to a set of spit chambers 143 located just ahead 
of end 145 of the system. 
The sizes and functions of the various components of 

system 105 are preferably the same as described in con 
nection with system 5. 
The systems 5 and 105 may be ceramic coated. Also, 

some or all of the spit chambers may be filled with a 
sound absorptive type material (such as steel or copper 
wool) that will withstand acids and temperature of the 
type disclosed, for example in U.S. Patent 2,059,487. 
The conduits may be corrugated at points of severe bend 
ing. 

Various modifications may be made in the structure 
shown without'departing from the broad spirit and scope 
of the invention. The system may be used with inboard 
boats as well as automobiles. 
We claim: . 

1. A silencing system for an internal combustion en 
gine having an exhaust manifold comprising a section of 
laminated pipe for connection at one end directly to the 
exhaust manifold and forming means for silencing side 
noises, an expansion chamber directly connected to the 
other end of the laminated pipe and forming means for 
silencing notes, a series of spit chambers at the outlet end 
of the system and forming means for silencing roughness, 
and conduit means connecting said spit chambers to said 
expansion chamber. 

2. A small diameter, long length silencing system and 
tailpipe for an internal combustion engine having an eX 
haust manifold comprising _a laminated pipe for connec 
tion to the manifold, a series of high pass silencing mem 
bers and low pass silencing member connected to and al 
ternating with each other, the'first of said high pass silenc 
ing members being connected to the end of said lami 
nated pipe, said system terminating in a low pass silencing 
member. 

3. A silencing system for motor vehicles such as a 
passenger automobile having a chassis and an internal 
combustion engine mounted at the front end of the chassis 
comprising a series of tube sections and chambers con 
nected together to form a gas passage extending from 
said engine to the rear end of said chassis, said cham 
bers and tube sections containing sound silencing means 
for attenuating the noise in exhaust gas passing there 
through, said sound silencing means including high pass 
chambers of more than about 12 inches in length and 
low pass chambers of about 3 inches in length, said 
chambers being no larger than about 4 inches in diameter 
and said tube sections being considerably smaller than 
4 inches in diameter, the downstream order of said sound 
silencing means comprising a laminated pipe, a high pass 
chamber means, and a low pass chamber means. 

V4. A combination straight through flow exhaust gas 
conduit and silencer device to conduct gases from the 
exhaust manifold of an internal combustion engine on a 
vehicle through a continuous straight through 110W pas 
sage to a discharge point located at a remote point on 
the vehicle and to simultaneouly silence the exhaust gases 
while conducting them to said discharge point, said de 
vice having an inlet end and an outlet end, a series of 
expansion chamber members and spit chamber mem 
bers between said inlet end and said outlet end to silence 
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the gas, said expansion chamber members and said spit 
chamber members being alternated along the length of 
the device, gas passage sections in said device intercon 
necting said chamber members, said lgas passage sections 
being smaller in diameter than said chamber members to 
provide a series of changes in diameter of the flow pas 
sage, and a laminated conduit forming element at the 
inlet end of the device. 

5. A combination straight through flow exhaust gas 
conduit and silencer device to conduct gases from the 
exhaust manifold of an internal combustion engine on 
a vehicle through a continuous straight through flow pas 
sage to a discharge point located at a remote point on 
the vehicle and to simultaneously silence the exhaust gases 
while conducting them to said discharge point, said device 
having an inlet end and an outlet end, a series of ex 
pansion chamber members and spit chamber members to 
silence the gas, said expansion chamber members and said 
spit chamber members being alternated along the length 
of the device, gas passage sections in said device inter 
connecting said chamber members and a laminated con 
duit forming element at the inlet end of the device. 

6. A combination straight through flow exhaust gas 
conduit and silencer device to conduct gases from the 
exhaust manifold of an internal combustion engine on a 
vehicle through a continuous straight through flow passage 
to a discharge point located at a remote point on the 
vehicle and to simultaneously silence the exhaust gases 
while conducting them to said discharge point, said de 
vice having an inlet end and outlet end, a series of ex 
pansion chamber members and spit chamber members to 
silence the gas, and gas passage sections in said device 
interconnecting said chamber members, and a laminated 
conduit forming element at the inlet end of the device. 

7. A combination straight through ñow exhaust gas 
conduit and silencer device to conduct gases from the 
exhaust manifold of an internal combustion engine on 
a vehicle through a continuous straight through ñow pas 
sage to a discharge point located at a remote point on 
the vehicle and to simultaneously silence the exhaust gases 
while conducting them to said discharge point, said device 
having an inlet end and an outlet end and a series of 
chamber members therebetween to silence the gas, a 
length of integral continuous solid wall outer pipe form 
ing the outer wall of said device, said outer pipe having 
varying diameters and providing large diameter portions 
and small diameter portions, integral continuous internal 
pipe mounted within at least some portions of said outer 
pipe and providing a straight through gas flow passage 
therein and extending through at least one of said large 
diameter portions between spaced small diameter por 
tions iat each end of said one large diameter portion to pro 
vide at least one silencing chamber member defined by 
the inner surface of said outer pipe and the outer surface 
of said inner pipe, passage means extending through the 
wall of said inner pipe and connecting said one silencing 
chamber member to said straight through gas ñow pas~ 
sage, and at least the inlet end of said device being formed 
by a section of laminated pipe. 

8. An exhaust gas system comprising only long small 
diameter exhaust gas pipe providing a straight through 
gas ilow passage extending continuously between a gas 
inlet and a gas outlet, sound attenuating chamber means 
formed in said gas tlow passage by only two coaxial 
telescopically mounted pipe members, said chamber sound 
attenuating means being formed by a iirst length of 
integral continuous wall outer pipe forming the outer 
wall of said exhaust pipe, the end portions of said length 
of outer pipe being of reduced diameter, intermediate 
portions of said outer pipe being of reduced diameter, 
the end portions and said intermediate portions of reduced 
diameter having a common inside diameter and being 
circumferentially continuous at the inner surface, a length 
of inner pipe forming a part of the gas ñow passage ex 
tending the length of the pipe and having an outside di 
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6 
ameter approximately equal to the inside-'diameter of 
the end portions and said intermediate portions of re 
duced diameter, the end portions and said intermediate 
portions frictionally engaging the outer surface of said 
inner pipe and dividing said sound attenuating chamber 
means into a plurality of chamber portions along the 
length of pipe, gas passage means extending through the 
wall of the inner pipe and connecting said gas lloW 
passage to said sound attenuating chamber means, and 
a laminated conduit forming element at the inlet end of 
said exhaust system. 

9. In a motor vehicle having an internal combustion 
engine emitting exhaust gases, an exhaust gas silencing 
system for conveying gases from the engine beneath the 
vehicle for discharge at a remote point and to silence 
sound associated therewith en route to the discharge point, 
said system being of irregular contour for positioning 
within the space beneath the vehicle it is to occupy, said 
system comprising at least two different exhaust gas 
silencing units separated each from the other along the 
path of exhaust gas in the system and exhaust gas con 
duits interconnecting said units in series in said system 
and connecting them to the engine to receive exhaust gas, 
one of said silencing units having a housing and means 
for silencing exhaust gases within said housing, the last 
named means of said one unit comprising structure tuned 
to primarily attenuate low and medium frequency sounds 
in the exhaust gases, the other of said units being adapted 
to attenuate the high frequency sounds and roughness 
in the exhaust gas and consisting solely of an outer hous 
ing, an exhaust gas inlet, an exhaust gas outlet, an inner 
exhaust gas flow tube for conveying gas through the 
housing from said exhaust gas inlet to said exhaust gas 
outlet, said inner tube having a relatively large number 
of perforations formed therein between its respective ends, 
and wall means for dividing the volume between said 
tube and said housing into a plurality of chambers, said 
housing being only slightly larger in cross~section than 
said tube and said chambers being a small volume and 
in acoustic communication with the gas flowing through 
said tube via the perforations in said tube for attenuating 
high frequency sounds and roughness. 

10. In a motor vehicle having an internal combustion 
engine emitting exhaust gases, an exhaust gas silencing 
sys-tem for conveying gases from the engine beneath the 
vehicle for discharge at a remote point and to silence 
sound associated therewith en route to the discharge 
point, said system being of irregular contour for posi 
tioning within the space beneath the vehicle it is to occupy, 
said system comprising three different exhaust gas silenc 
ing units separated each from the others along the path 
of exhaust gas in the system and exhaust gas conduits 
interconnecting said units in series in said system and 
connecting them to the engine to receive exhaust gas, two 
of said silencing units having housings and means for 
silencing exhaust gases within said housings, the last 
named means of said two units comprising structure tuned 
to primarily attenuate low and medium frequency sounds 
in the exhaust gases, the third of said units being adapted 
to attenuate the high frequency sounds and roughness 
in the exhaust gas and consisting solely of an outer hous 
ing, an exhaust gas inlet, an exhaust gas outlet, an inner 
exhaust gas flow tube for conveying gas through the hous 
ing from said exhaust gas inlet to said exhaust gas outlet, 
said inner tube having a relatively large number of perfo 
rations formed therein between its respective ends, and 
wall means for dividing the volume between said tube 
and said housing into at least three chambers, said hous 
ing being only slightly larger in cross-section than said 
tube and said chambers being of small volume and in 
acoustic communication with the gas flowing through 
said tube via the perforations in said tube for attenuat 
ing high frequency sounds and roughness. 

(References on following page) 
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