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My invention relates to mufflers for noise-
producing gases and more particularly to
exhaust mufflers for expanding and noise-
producing pulsating gases such as are dis-
charged from internal combustion engines.

This application is a division of my co-
pending application Serial No. 361,376, filed
May 8, 1929 (now Patent No. 1,811,762,
granted June 23, 1931).

My improved exhaust muffler departs very
decidedly in construction from the exhaust
muflHlers heretofore employed.

The explosion within the cylinder of an
internal combustion engine creates tremen-
dous pressure therein. The steam or vapor
in the cylinder of a steam engine is also under
very high pressure. Upon the opening of the
exhaust port, the gas emerges at high veloc-
ity, very quickly reducing the pressure in the
cylinder. By the word gas, 1 mean to em-
brace both gas and vapor. The result is a
succession of pulses of gas at high pressure
traveling through the exhaust manifold or
pipe or any other type of exhaust system at a
high velocity. Upon' the emergence of the
gas pulse into the atmosphere an additional
spurt in velocity is probably acquired by rea-
son of expansion, and a sharp sound results.
The greater the pressure gradient between
the pulse of gas and the atmosphere the
greater the velocity and the sharper the
sound. In order to successfully silence ex-
haust noises the mufller must suppress the
pressure peaks and thus even the flow of the
escaping gas pulses to the point where a
sound is not created: In addition, I have
found that sound communicated to or gen-
erated within the muffler should be silenced.

The mufflers of the present day accomplish
the desired result by any or all of the follow-
ing methods: cooling the exhaust gases and
diminishing their volume ; allowing the gases
to expand and reducing their pressure while

“confined ; creating eddy currents and internal

friction within the gases; causing friction
between the gases and the walls and passages
within the muffler; and/or impeding the for-
ward progress of the gases by the interposi-
tion of baflles in their path. The typical
muffler of today is a metal shell connected in

the exhaust system of an engine which may
incorporate one or more of the following fea-
tures; an expansion and mixing chamber fol-
lowed by a small outlet; a tortuous passage-
way; a series of obstacles or bafles in the
passageway ; and/or a jacket in which a cool-
ing medium is circulated.

Only a limited sphere of application can
at best be found for a mufller with a cooling
jacket. The expansion chamber alone is not
successful since it approaches the condition
of the atmosphere and sound is created there-
in. The types embodying tortuous paths, ob-
stacles, and baflles, retard the flow of gas, and
in so doing, build up a back pressure within
the muffler and reduce the efficiency of the
engine. There is a muffler being produced
which actually assists in the scavenging of
the cylinder but the scope of its application
is limited to special types of engines of
known, constant speed.

It is an object of my invention to provide
an exhaust muffler whose scope of applica-
tion extends to practically all of the common
types of explosion and steam engines, to fire
arms, and to air intakes and exhausts as in
air COmpressors.

It is a further object of my invention to
provide a muffler which will not build up
sufficient back pressure to appreciably reduce
the efficiency of the engine.

It is a further object of my invention to
provide a muffler which will silence explosion
noises more effectively than do the mufilers
at present employed.

. It is a still further object of my invention
to provide a muffler which is more simple in
construction than are the present mufilers of
commerce. :

Other and further objects of my invention
will become apparent as the following de-
seription progresses, which is to be taken in
conjunction with the accompanying draw-
ings, wherein: :

Fig. 1 is a longitudinal, sectional view of
one form of my invention; and

Figs. 2 and 3 are charts which illustrate
the effect of my muffling device upon exhaust
gases.

Fig. 1 represents a form of my invention
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embodying the open expansion chamber idea.
Outer cylindrical shell 23 is connected, as by
welding, to end closure discs 24 and 25 whichi
may be threaded to receive exit and entrance

pipes 26 and 27. Within shell 23 and coaxial

therewith is cone-shaped shell 28 of perfo-
rated metal or other foraminous facing with
its large end adjacent the gas entrance end
of the muffler. The annular space 29 be-
tween the two shells is filled with gas-pres-
sure’ absorbing and sound absorbing mate-

‘rial. As the gas-pressure absorbing and

sound absorbing material fills the space be-

tween the shell 23 and cone shaped shell 28,

it incredses in thickness from the inlet end
to the outlet end of the muffler. The en-
trant gases are free to expand into a large
open space and increasing quantities of ab-
sorbing material are encountered in which
further expansion occurs as the gases pro-
ceed along their path to the ‘exit. opening.
The shell 28 is filled with a porous gas-pres-

sure absorbing and sound-absorbing material -
which may be a mineral fibre, steel, copper.

or other metallic wool or mixtures thereof,

or any other porous sound-absorbing, non-.

flammable material such as sized crushed
mineral matter, mica, exfoliated vermiculite
such as zonolite, blown slag, coke, pumice or
other porous aggregates and built-up units

of such aggregates. For silencing blow-off.

gases, air compressor intake and exhaust
noises, and noises produced by gases at room

temperature, flammable gas-pressure absorb-

ing and sound-absorbing materials such as

~wool, cotton, or other cellulosic fibers may
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be used. L .

In view of the fact that every maferial
which is not a perfect reflector of sound is,
to a degree, an absorber of sound, it. would

probably be well to draw some sort of a speci-.
“fication-for the term “sound-absorbing mate-

rial” as that term is used in the present case.
In all acousti¢ déata the sound transmitted by
an open window is used as the standard of
comparison. The ratio of  the sound' ab-

sorbed by an area of a material to that trans--
mitted by an equal area of open window is’

called the absorption factor or value of that
material. If a material one square foot in

atrea absorbs one-fourth the sound transmit-
ted by one square foot of open window. that

material is said to have an absorption factor
or value of 25 percent. In this specification

swhenever the term “sound-absorption fac-

tor” or “value” is used in conjunction with

-an_absorbing. material or construction in ‘a.

muffler, it is to be understood that this fac-

_tor or value is obtained by measuring the
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absorption of such materjal or construction

in the ustial way by means of flat pads and

the like of identical material and construc-
tion. This is necessary since it is very dif-
ficult or impossible to obtain the factor aftex

‘the muffler is assembled. - In the mufilers of

-able thickness for best results.

1,844,105

my invention as the sound absorption factor
of the sound absorbing material decreases,
the size of the muffler must increase and a
material with a factor of 10  percent or less
would _probably necessitate an_unwieldly
size. Hence, in the present consideration, by
sound-absorbing material I do not contem-

plate a material having an absorption fac--

tor of less than 10 percent at 1024 double
vibrations per second. Throughout this
specification all absorption values are based
on 1024 double vibrations per second. TFor
most situations an excellent muffler may be
constructed with a material having an
absorption factor of 25 percent or more.
For exceptional results I prefer to use a mate-
rial having a factor greater than 45 percent.
The absorbing material should be of appreci-
It should be
at least one-quarter of an inch thick and
preferably one-half inch or more. By min-
eral fibre I contémplate natural or artificial
mineral wool, shredded asbestos, or any other
mineral material of the same general nature.

As hereinbefore explained, a series of gas
pressure peaks emerges at high velocity from

pipe 27.  Each peak tends to expand in all -

directions. The gas and pressure waves free-
ly pass through perforated cylinder 28 and
enter the core 29. The property of the per-
forated. sheet metal of permitting the free
transmission of gas and sound therethrough,
together with its other advantages, makes it
the preferred foraminous material for a de-
vice of this character. The perforations may
vary in size and shape. Because of lower

“manufacturing costs I prefer circular open-

ings. Holes suitable may vary from approxi-

‘mately 0.070 to 0.125 inches in diameter but

I do not wish to be limited to these dimen-
sions. For most purposes the holes are evenly

- distributed throughout the area of the sheet

metal although such even distribution is not

‘necéssary. The holes are present in sufficient

number so that their total area represents
from 214 percent up to 35 percent of the area

‘of the sheet metal though fair results may

be obtained with holes having an area as low

as 1 percent of the area of the sheet. The s
1

shape, size and distribution of the perfora-
tions all have an influence on the ease with
which gases and sound pass through the sheet
of metal. The holes should be small enough
so that the absorbing material will not work
its way out through them when the muffler
is in service. Excellent results are obtained
when the ratio of the unperforated portion
of the metal forming such facing to the open-

ings therein is such that a substantially con- -

tinuous surface is exposed to,the sound waves
and gas pressure waves. In such-cases the
average dimensions of the individual open-

‘ings are usually less than the distance be-

tween the edges thereof.. Tests show that a
muffler containing absorbing material faced
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with a stiff perforated sheet, the perforated

area of which is as low as 214 percent of the
area of the sheet with holes about .075 inch
in diameter, absorbs as much sound as and
has a muffling efficiency equal to a similar
muffler in which the perforated facing is
omitted. Itis possible to omit the perforated
metal facing or other foraminous facing by
constructing a molded annular or other suit-
ably shaped absorbing material as by bond-
ing sized crushed mineral particles together
at their points of contact to form a porous
mass: Such a molded gas-pressure absorbing
and sound absorbing material has an opening
therethrough corrésponding to the forami-
nous tube 28. In anotheér construction metal-
lic fibers, like steel wool, are formed into a
mattress by stitching the fibres together with
a metallic thread such as steel wire. This
mattress is used to line the inside of the muf-
fler shell 23. The foraminous duct may be
omitted when such a mattress is used.

The fibrous gas-pressure absorbing and
sound absorbing material comprises non-
flammable fibres distributed in heterogeneous
arrangement, to form tiny interstices, pores

or cells of more or less uniform size and dis--

tribution. It1is packed in such a manner that
usually only from 1 to 20 percent of annular
space 2 is occupied by the actual fibres of the
material and therefore 80 to 99 percent is free
space. The packed fibers, depending on their
physical properties, weigh after packing in
the muffler, from 4 to 100 pounds per cubic

5 foot. The packed mineral wool weighs from

9 to 36 pounds per cubic foot, the fibers oc-
cupying from 5 to 20 percent of the space.
Steel wool weighs from 4 to 100 pounds per
cubic foot, the fibres occupying from 1 to 20
percent of the space. Especially good results
are obtained with steel wool packed to occupy
2 to b percent of the space. If the fibres are
packed too loosely they jar down into a more
compact miass after the muffler is put into use,
and if they are packed too tightly the gas-
pressure absorbing and acoustic absorption
are cut down, thereby decreasing the mufiler
efficiency. The absorbing material is sub-
jected to violent pounding and vibration by
the oscillating influence of the exhaust gases
and must not disintegrate readily under those
conditions. Certain types of mineral wool re-
sist this disintegrating action much better
than others. However, a metallic wool like
steel wool is highly resistant to this action.
The gas-pressure absorbing and sound-ab-
sorbing portion of the muffler, therefore, pro-
vides an expansion space for gas-pressure
peaks and the maximum pressure of the pulse
of gas is decreased as a result of the expan-
sion, the pressure wave being longer and
lower in intensity. Fig. 2 shows in solid lines
a hypothetical diagrammatic representation
of several gas pulses as they enter the muffler
and in dotted lines is a similar representation

-3

of the same pulses after expansion has taken
place. The pressure wave characteristic has
become flattened. I also believe that a sec-
ond phenomenon takes place within core 29
to further flatten the wave characteristic.
Relatively speaking, the rapidly moving gas
enters the core in the form of a succession
of rapid compressions and rarefactions. The
compressions are suppressed and merged to-
gether by the choking effect of the walls of
the tiny pores or cells with a resulting reduc-
tion of the intervening rarefactions. Fig. 3
shows in solid lines the pressure wave char-
acteristic corresponding to the dotted curve
of Fig. 2. The dotted lines of Fig. 3 show
the pressure wave characteristic after the gas
has undergone the choking action of the por-
ous gas-pressure absorbing and sound-absorb-
ing material. The porous material offers
practically no resistance to the fairly steady
flow of the gas stream through the straight
and unobstructed duct 28, and especially if

“duct 28 is made of smooth perforated, sheet

metal, it facilitates the flow with the net result
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that there is practically no resistance to the ¢

- gas flow and little or no back pressure is built

up aside from that due to the surface fric-
tion. The absorption of the gas-pressure
peaks by the absorbing material to smooth out
the gas flow and eliminate the noise made by
the gas slugs when emerging into the atmos-
phere is an important feature of my inven-
tion. I use the gas-pressure absorbing sound-
absorbing material for this double function
without appreciably increasing the back pres-
sure. I believe this to be entirely new in the
muffler art.

T believe that some noise is generated at
the end of pipe 27 as explained heretofore
in connection with expansion chambers. This
noise is silenced by the gas-pressure absorb-
ing sound-absorbing material. It is not.pro-
jected longitudinally of the duct 28 since
sounid. does not project itself in single direc-

[¥<)

tions to form rays. It emanates.equally in

all directions unless it encounters reflecting
surfaces. Foraminous shell 28 allows this
sound to pass freely therethrough and it is
thereafter absorbed by the material in space
29. :

Tests conducted with mufflers of my inven- '

tion gave surprising results. Keeping con-
stant the muffler length and the thickness of
the layer of gas-pressure absorbing and sound

absorbing material adjacent the interior of .

the outer shell it was found that varying the
diameter of the muffler within reasonable
limits produced no appreciable change in

_ultimate - quantity of sound, measured by

means of an acoustimeter, which emerged
from the muffler when the latter was con-
nected in the ordinary manner in the exhaust
system of an internal combustion engine.
However, when the unmuflled exhaust noises
were acoustically separated from the gases
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diameter of the mufiler.

‘and- conducted to the muffler through an in-

take pipe similar to that used in the prior
tests, 1t was found that the quantity of sound
emerging from the muffler varied with the
From such data it
appears that a muffler of small diameter,
while it does not permit much expansion and
does not act as efficiently upon the gas pulses,
acts more efficiently upon the noise created
therein with ultimate muflling equal to or

- better than that of the larger device which

- sidé diameter of the mufiler' within limits, or.
by increasing the length of the absorber with-
out changing its thickness, or by decreasing

20

allows the gas to expand more and thus acts
more efficiently upon it but acts less efficiently
upon the noises created therein. The mufiler
absorption for any one absorber may be in-

creased by increasing the thickness of the ab-

sorber within limits, or by increasing the out-

the gas duct diameter within limits.
‘ V\%lile I have illustrated and described but

_one form of my invention, it is understood

‘that T may employ a great many forms since
5 T believe that I have invented the broad

principle of providing a muffler with gas-

- pressure absorbing and sound absorbing ma-

. terial adjacent the path of the exhaust gases

1)

and do not wish to be confined to structural

details. For instance, the inner shells.may

be of wire screen, or other suitable forami-
nous material, or may be entirely omitted as

hereinbefore explained, and the general

shape of the device need not be cylindrical.
Its cross section may be circular, rectangular,

_elliptical or of any otlier form and the man-

ner of assembling the parts may vary con-

‘'siderably from that described hereinbefore.
The rectangular section is mare. effective -

than the circular section because of the great-
er area of absorber exposed to the gases in
proportion to the cross-sectional area of the
duct. My muffler consists essentially of a

duct: lined with gas-pressure absorbing and
5 sound absorbing construction which may be
.a-duct lined with absorbing material without

a, foraminous lining. It may be a fibrous
sound-absorbing lining combined with. a

-foraminous or perforated section of engine.

exhaust pipe or any duct conducting noise-

‘producing gases. For non-pulsating noisy

gases such as are ericountered in intakes of

.air compressors, the cutting down of the gas

pressure peaks is not a factor.
In any form of device I may choose to con-

‘struct the cross-sectional -area of the ‘outlet’

should be:large enough not to build up any
appreciable back pressure. . Many present

mufflers assist the silencing action by con-.

stricting greatly the cross-Sectional area of
the gas outlet but this cannot be done with-
out building up back pressure. - - = .

- Although. published data- available rela-

tive to mechanics of noise production by
’ internal combustion engine exhausts are.

1,844,105

meagre, I believe the hypotheses and expla-
nations hereinbefore advanced to explain the
manner in which my device accomplishes the

muffler of exhaust or explosion noises are

true. Whatever the theories and explana-
tions may be, the fact remains that, although
a substantially ' straight and unobstructed
path is offered the exhaust gases and noises
they do not traverse that path unchanged
but undergo a change therein which causes
them to emerge almost, if not quite, noiseless.

Mufflers which are considered satisfactory

and used by automobile manufacturers, show’

by acoustimeter measurément, a total muffler
efficiency of at least 55 percent when the in-
ternal combustion engines, for which the
mufflers were designed, are run at full load.
A mufller for an automobile engine which
has a muffling efficiency ‘at full load of 75
percent is exceptional. Although the muf-
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fling efficiency. of satisfactory mufflers for-

automobiles is only 55 percent at full load,
it must be recognized, that in cities where
this efficiency should be high, automobile en-

gines practically are néver run at full load..

Under light loads, characteristic of city driv-
ing, the efficiency may be well over 95 per-
cent. Even on country roads where high
speeds may be.attained, automobile engines
are seldom subjected to full load. On the
other hand, motor boat engines and especially

out-board motors, are very often run at full

lqad, s0 that unless thé muffler efficiency is
high, that is, above 95 percent, the.exhaust

‘noise 1s excessive. This noise is heard for
a long distance over the water and therefore
The ordinary. outboard mo- -

is objectionable.
tor muffler, although seemingly inefficient,
has an efficiency of from 75 to 90 percent at
the sacrifice of some power due to back pres-
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sure.. Stationary internal combustion en-

gines and others which are run so that they
are well loaded, usually must be equipped
with high efficiency mufflers. ‘ S

The efficiency of the muffler is determined

‘by measuring the noise generated by the gases

escaping into the atmosphere with and with-

ratio of the decrease in measured sound to
that measured without muffling. The muf-

fler efficiendy should be determined when the
-muffler is ysed: with the engine for which it
is designed. 'This is essential since the size,
- shape, amount of absorbing material, and

other variables of the muffler are determined
for each of the various sizes and types of
engines. .- , o o
Using my invention, as hereinbefore de-
scribed, it is possible te construct mufflers of

varying efficiencies, from 55 percent to well .

over 95 percent by varying the quantity and

type of ‘absorbing material and by varying.
‘the construction as hereinbefore . deseribed.

Such mufilers may be constructed so as to
cause practically no increase in the back pres-
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-out muffling. The percent efficiency is the -
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stiré on the ehgi'nefat.' full load aside from
that due to the surface friction of the duct
walls. Furthermore, such mufilers occupy a

- small space, are light in weight, and may be

10

built at a considerable saving in cost over
the present-day muffler.
I claim: o . )
1. A mufiler for noise-producing,-expand-.
ing gas comprising a truncated-cone-shaped
duct with a gas-pressure absorbing and sound
absorbing “ wall _ structure, the gas . being
adapted to-enter at the large end of said-dudt,
said duct offering practically no resistance to

. the flow of said gastherethrough, said absorb- .

15

ing wall structure comprising porous-packed

- material in layers of appreciable thickness

~ whereby the noises are effectually silenced. -

- 20

26

2.~A muffler for noise-producing gas com-

_prising a truncated-cone-shaped duct with a

gas-pressure absorbing and sound absorbing

~wall structure; said gas being adapted to enter

at the large end of said duct, said duct. offer-
ing-practically no resistance to the flow of

said gas therethrough, said sound -absorbing .
wall structure presenting a surface to said .

. -gas and being of such efficiency that its aver-

age sound

30

absorption value is at least 25 per-
cent. - IR o o
8. An exhaust muffler for internal combus-

tion engines comprising an inner, open-ended

truncated-cone-shaped, -perforated  sheet
metal shell, the larger end of said shell being

- toward the intake, and an outer coaxial metal-
. lic-‘cylinder forming an annular space be--

- 36

)

tween said cylinders, the annular space be-
tween said shell and said cylinder being filled
with porous-packed, metallic fibers. -

4. A muffler for the exhaust gas of an in-

.ternal combustion engine comprising-a trun-’

cated-cone-sHaped duct with a gas-pressure

- absorbing and sound absorbing wall structure-

¢omprising = porous-packed mnon-flammable

5

gas being édﬁptéd’ to enter the large end of -

said duet. S _ o

-7.- A muffler for the exhaust gas of an in-
ternal combustion engine comprising a trun-
cated-cone-shaped, perforated metal  duct

forming a substantially straight passage for -
~the gas from the inlet of said muffler to the

outlet, thereof with a gas-pressure absorbing
and sound absorbing exterior backing com-
prising porgus-packed steel wool, the fibers

thereof occupying from 1 to 20 percent of the

space occupied by said packed steel wool, said

.gas being adapted to enter at the large end .

of said duct.

- 8. A muffler. for thé exhaust gas of an in-

ternal - combustion . engine - comprising an

< inner, open-ended, foraminous duct, and an

outer coaxial imperforate metal shell spaced
from said duct at increasing.distances from

the inlet to the outlet of said duct, said space
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between said foraminous duct and said outer

shell containing -gas-pressure absorbing and
sound absorbing material. I
In testimony whereof I affix my signature.
. FREDERICK H. SCHNELL.

“fibers; said gas being adapted to enter at the -

45

large end of said duct, said duct-offering
practically no resistance to the flow of said
gas - therethrough, said absorbing wall pre-

- senting a surface to said gas, said muffer hav-
ing a muffling efficiency of at least 55 percent

- when used with a fully-loadéd engine. -
50

/5. A muffler for neise-producing gas com-.

. -prising a truncated-cone-shaped foraminous:
duct with a gas-pressure absorbing and sound .

absorbing-exterior backing for said duct com-

95
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- prising porous-packed, non-flammable fibers,

66
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" 6. A muffler for the exh

said fibers weighing from4 to 100 pounds per
cubic foot, said gas being adapted to enter at.
the large end of said duct. . T

aust gas of ‘an in--
ternal combustion engine ¢omprising a trun-
cated-cone-shaped, foraminous dyct with a

" gas-pressure absorbing and sound absorbing

83

exterior backing of sufficient thickness and
porosity to cause gas pressure peaks to be
suppressed primarily by -absorption inthe
interstices of said absorbing materi.l, the’
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