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This invention relates to mufflers, particularly 
to a muffler for internal combustion engines. 
An object of the invention is to provide a muf 

fler which combines a high degree of Sound ab 
sorption with a minimum of interference to flow 
of gaSeS. 
Another object of the invention is to provide 

a muffler employing sound absorbing material 
having Sufficient strength to make poSSible the 
elimination of liners in the muffler chanberS. 
A further object Of the invention is the prO 

vision of a muffler which will have a high degree 
of resistance to vibration, heat, and chemical ac 
tion. 
A still further object of the invention is the 

provision of a muffler which, though highly ef 
fective, is particularly adapted to economical pro 
duction. 
A still further object of the invention is a 

muffler in which provision is made for reducing 
the transmission of Sound through a maSS of po 
rous sound absorbing material. 
Other objects and advantages more or leSS 

ancillary to the foregoing and the manner in 
which all the various objects are realized Will 
appear in the following description, Which, con 
sidered in connection with the accompanying 
drawings, sets forth the preferred embodiment of 
the invention. 

Referring to the drawings: 
Fig. 1 is a longitudinal section of a mufler em 

bodying the principles of the invention; 
Fig. 2 is a transverse section taken on the plane 

indicated by the line 2-2 in Fig. 1; and 
Fig. 3 is a partial longitudinal section taken on 

the plane indicated by the line 3-3 in Fig. 2. 
Mufflers, as generally known in the art, depend, 

by and large, for their action upon baffles placed 
in the path of gas flow, on resonance chambers, 
on the use of a sound absorbing material of a 
porous material, or upon a combination of two 
or more of these principles. 
The improved muffler described herein depends 

for its action upon a combination of the princi 
ples of baffling, resonance, and absorption. The 
invention lies in the novel design of the muffler, 
which provides for the effective operation of all 
three of these principles while retaining Simpli 
city, ease of construction, ruggedness, and a min 
imum of resistance to the flow of gas. 

Referring first, to Fig. 1, the muffler of the 
preferred embodiment of the invention is en 
CaSed in a cylindrical Sheet metal Shell i II, and 
end capS i 2 and i3, spot-Welded or otherwise Se 
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cured thereon. A thin walled tube 4, disposed 
along the axis of the shell, is mounted in flanges 
formed in the center of the end caps 2 and 3. 
The Open ends 5 and 6 of the tube 4, con 
Stitute inlet and outlet ports of the muffler, re 
Spectively. The tube i 4 is provided with a num 
ber of elongated openings I, within the shell . 
Four roWS of eight such openings, as shown, have 
been found to be a desirable arrangement. It is, 
of course, possible to vary the number and shape 
of the openings, varying the size accordingly. 
Whatever the number of the openings, the total 
area, should not be less than twice the cross-sec 
tional area of the inlet f 5. 
The muffler includes a plurality of main or gas. 

receiving and conducting chambers. For example, 
the tube 4 is divided into an inlet chamber 4a, 
and an outlet chamber 4 b by a conical deflector 
8, which completely blocks the tube at its central 

point. The defector 8 is filled with sound ab 
SOrbing material such as a composition formed 
principally of exfoliated vermiculite with a binder 
of clay; however, other sound absorbing mate 
rials known to the art, such as steel wool, spun 
glass, and rock wool, with or without a binder, 
may be employed. The defector 3 and the disc 
9, which serves as a retainer for the deflector, 
are secured in the tube f4 by spot welding or in 
any other Suitable manner. 
The shell f is provided with a liner 2 of Sound 

absorbing material, preferably exfoliated ver 
miculite with a binder of a character that may be 
handled in a plastic state during the manufac 
ture of the muffler. It is an object of the inven 
tion to employ a material having sufficient 
strength to serve as a substitute for liners of a 
perforated metal or wire Screen, Such as are com 
monly employed in the art. Such liners not only 
increase the complexity and expense of construc 
tion of the muffler, but decrease the effectiveness 
of the sound absorbing materials, increase the 
resistance to gas flow, and are subject to damage 
from the corrosive action of the hot exhaust 
gases. A composition of exfoliated vermiculite, 
clay, and other materials, such as is disclosed in 
my copending applications Nos. 593,964 and 593,- 
963 filed May 15, 1945, now Patent Numbers 
2,481,391 and 2,481,390, respectively, issued Sep 
tember 6, 1949, is the preferred material for lining 
the shell and the deflector 8. It has sufficient 
mechanical strength, resistance to heat, corro 
Sion, and Scouring action, and high Sound ab 
Sorption, and does not calcine or vitrify under 
temperatures reached in an internal combustion 
engine muffler. The liner 2 is formed to com 
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pletely line the shell and the end cap 2, and 
also provide a plurality of roughly Semicircular 
gas-receiving and sound-absorbing chambers 24 
(Fig. 2) extending in contiguous relationship to 
the tube 4. Each chamber 24 communicates 
with the inlet and outlet chambers fia and tâb 
through the openingS . 
In order to reinforce the lining material 2 , 

longitudinal fins 25 protrude outward from the 
tube 4 into the Septa, between the cavities 24. 
The fins 25 are formed with a flange 26, bent to 
Support the major body of the fin in radial rela 
tion to the tube when Weded in place thereon. 
The ends 2 of the flanges extend beyond the 
fin end, as shown in Fig. 3, are inserted in slotS 
2d. in the tube then doubled back against the 
inner Wall of the tube to provide a temporary 
anchorage for the part during the Spot Welding 
operating. 
The foraminous line 2 has formed therein 

as at 28 a plurality of secondary chambers 28 
(Fig. 2) extending from the end cap 2 to the 
rear end of chambes 26 provided in the 
liner 2. The secondary chambers 28 are of 
appreciable CrOSS-Sectional area as compared with 
the interstices between the foraminous particles 
and minimize the conduction of Sound there 
through and dampen the vibrations transmitted 
to the shell . The rear ends of the chambers 
24 and the Secondary chambers 28 are closed by 
an annular disk 22, the intermediate Space 3 
being filled with a Sound absorbing material of 
the character employed in liner 2. 

As will be seen in Fig. 2, the material of tube 
4 is deformed at the edges of the SotS 7. One 

side of each Slot is distended outwardly while 
the other side thereof is depressed. By virtue of 
this structure, the gases leaving the tube are 
biased relative to the radius thereof, thus pro 
ducing Substantial turbulence in the chambers 24. 

In the preferred method of constructing the 
muffler, the shell , the end cap 2, the central 
tube 4, and the deflector 8, 9 are first brought 
into assembled relation. The material of the 
liner 2, while in a plastic condition, is forced 
into place into the void defined by the shell and 
the Central tube, a moulding form or core being 
provided to define the chambers 24 and secondary 
chambers 28. The annular disk 2 is next put 
in place, then a lining material 23 is applied 
thereover whereupon the end cap 3 is mounted 
in place and welded to the tube and shell. The 
muffler is then dried to harden the lining mate 
rial 2, 2 , and 23. 
In the operation of the improved muffler, gases 

entering the chamber 4a at the opening 5, pass 
through the slots : into the plurality of parallei 
Chanbei's 24 wherein sound waves are absorbed 
by the porous material 2i. The gases then pass 
through the slots : into the outlet chamber 4b 
formed by the outer portion of tube 4. It will 
be seen that the flow of gas is deflected and 
baffled as it passes into the sound-absorbing 
chambers 2 and as it is discharged therefrom. 
A certain amount of resonant action takes place 
both in tube 4, and in the sound-absorbing 
chambers 24, absorption of the vibrations being 
accomplished by the liner 2 of chambers 24. The 
deflector 8 Secures a more uniform distribution 
of the gas as it passes into chambers 24 through 
Slots T and the absorbing material therein min 
imizes direct transmission of sound between the 
Chambers 4a and b. In addition, the entire 
inner opening of the muffler, that ìS, the cham 
bers 4a, 4b, and 24, constitutes one gas-receiv 
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4. 
ing and conducting chamber of irregular form in 
which Sound may reWerberate, being partially re 
flected by the Wall of the tube 4 and partially 
passing through the openings fl. 
Although the foregoing description is neces 

Sarily of a detailed character, in order that the 
invention may be completely Set forth, it is to be 
understood that the Specific terminology is not 
intended to be restrictive or confining, and that 
Various rearrangements of parts and modifica 
tions of detail may be resorted to Without depart 
ing from the Scope or Spirit of the invention as 
herein clained. 

I claim: 
1. A muffler comprising a tube, an obstruction 

in the tube dividing it into intake and outlet pol 
tions, a Shell Surrounding the tube, and a lining 
of porous refractory material within the Shell 
formed to provide a plurality of gas-receiving 
chambers, each chamber extending longitudinally 
of the exterior of both portions of the tube, both 
portions of the tube being provided with slots 
Communicating With each chamber, the slots 
being disposed longitudinally of the tube, the 

is imaterial of the tube adjacent the slots being bent 
radially OutWardly So as to direct gas flow through 
the SOtS obliquely to the radius of the tube. 

2. A muffle CGmprising a tube, an obstruction 
in the tube dividing it into intake and outlet 
portions, a, Shell Surrounding the tube, and a lin 
ing of porous refractory material within the shell 
formed to provide a plurality of chambers, each 
Chamber eXtending longitudinally of the exterior 
of both portions of the tube, both portions of the 
tub2 being provided with slots communicating 
With each chamber, the obstruction being a con 
ical Shell having its apex directed into the intake 
portion and being filled with a porous refractory 
materia. 

3. A muffler comprising a tube, an obstruction 
in the tube dividing it into intake and outlet por 
tions, a shell Surrounding the tube, and a lining 
Of pol'OUS refractory material within the shell 
foiled to provide a plurality of chambers ex 
tending longitudinally of the exterior of the tube, 
both portions of the tube being provided with per 
forations communicating with each chamber, and 
the tube being provided with longitudinal fins ex 
tending into the refractory material between the 
chambers. 

4. In a muffler, a gas-receiving and sound-ab 
Sorbing chamber having a minor part of its wall 
area formed by a perforate non-absorbent mate 
rial through which gas fiows into and out of the 
Chamber, and having a major part of its Wall 
area formed by a thick envelope of a foraminous 
Self-Supporting refractory material, said envelope 
having a plurality of secondary chambers 
fol'ned therein and isolated from said gas-re 
ceiving chamber. 

5. In a muffler, a gas-receiving and sound-ab 
SC}rbing chamber having a minor part of its wall 
area formed by a perforate non-absorbent mate 
rial through which gas flows into and out of the 
Chamber, and having a major part of its wall 
area formed by a thick self-supporting envelope 
COilpOSed of eXfoliated vermiculite and a binder 
therefor, Said envelope having secondary cham 
bel's formed therein and isolated from said gas 
receiving chamber. 

6. In a muffler, a shell, and a lining of porous 
rigid refractory material within the shell formed 
to define at least one gas-receiving and sound 
absorbing chamber within the lining, the lining 
being formed to define a plurality of secondary 
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chambers disposed intermediate the shell and 
chamber, said secondary chambers also consti 
iting sound-absorbing cavities to dampen the 
transmission of vibrations through the lining, 
and being isolated from the flow path through 
the muffler. 

7. In a muffler, a gas-receiving and Sound-ab 
sorbing chamber having a minor part of its Wall 
area, formed by a perforate non-absorbing mate 
rial through winich gas flows into aid out of the 
chamber, and having a major part of its Wall 
area formed by a thick envelope of porous rigid 
refractory material having secondary chambers 
formed therein isolated from the gaS-receiving 
chamber, said secondary chambers forming 
sound-absorbing cavities to dampen the trans 
mission of vibrations through the material. 

8. In a muffler, a shell, a plurality of parallel 
gas-receiving and sound-absorbing chambers 
within the shell, each having a minor part of its 
wall area formed by a perforate non-absorbing 
material through which gas flow into and Out 
of the chamber is accomplished, and having a 
major part of its wall area, including the Wall 
between adjacent chambers, formed by a thick 
envelope of a porous rigid refractory material, 
said refractory material having isolated second 
alry chambers formed therein between the gas 
receiving chambers and the shell. 

9. In a muffler, a shell, a porous self-support 
iing ining comprosed of exfoliated vermiculite and 
a binder Within the shell, the lining being formed 
to define a gas-receiving and Sound-absorbing 
chamber therein, a closed slotted tube section en 
tering the chamber for the admittance of gases, 
a closed slotted tube Section entering the cham 
ber for the discharge of gases, the slots in the 
tube section being formed to direct the flow of 
gas obliquely to the radius of the tube Sections, 
and anchoring means extending from the tube 
Sections into the lining, said lining having closed 
secondary chambers formed therein. 

10. A muffler comprising a tube, an obstruction 
in the tube dividing it into intake and Outlet 
portions, a shell surrounding the tube, and a 
ining of porous refractory material within the 
shell formed to provide a plurality of chambers, 
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each chamber extending longitudinally of the ex 
terior of both portions of the tube, both portions 
of the tube being provided with slots communicat 
ing With each chamber. 

11. A muffler comprising a tube, an obstruction 
in the tube dividing it into intake and outlet por 
tions, a shell surrounding the tube, and a lining 
of porous refractory material within the shell 
formed to provide a plurality of chambers, each 
chamber extending longitudinally of the exterior 
of both portions of the tube, both portions of the 
tube being provided with slots communicating 
With each chamber, the slots being disposed longi 
tudinally of the tube, the material of the tube 
being formed adjacent the slots so as to direct 
gas flow through the slots obliquely to the radius 
of the tube by forming the material of the tube 
So that one edge of each slot is farther removed 
from the axis of the tube than the other edge 
of the slot So that the aperture defined by the 
§ of the slot is oblique to the radius of the 
ube. 

JOHN MI. CAMPBELL. 
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