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8 Claims. 

The invention relates to improvements in muf 
flers and more particularly to those adapted for 
use With internal combustion engines. 
The principal object of the invention is to pro 

vide a muffler which may be easily and inexpen 
sively manufactured and which will effectively 
diffuse the gas quietly and without back pressure. 
The arrangement is such that the flow of gas is 
not interrupted by eddy currents and the char 
acteristic pulsating exhaust of the internal com 
bustion engine, is greatly reduced, both by cooling 
and the application of well known aerodynamical 
principles. 
A further object of the invention is to provide 

a construction which may if desired, be employed 
within an enveloping jacket, in which part of the 
gases after being influenced by the interior con 
struction of the muffler, are collected and from 
Which they are either discharged into the air by 
their expanding force, aided in escaping by the 
dynamic reaction of the air flow around the cas 
ing, or withdrawn back into the central conduit 
of the muffler before being discharged. The en 
veloping jacket is to be provided in forms which 
best adapt themselves to conditions and require 
ments of any particular engine installation, 
whether automotive, aeronautical or stationary. 
With the foregoing in view, the invention re 

sides in the novel Subject matter hereinafter de 
scribed and claimed, description being accom 
plished by reference to the accompanying draw 
lingS. 

Fig. 1 is a central longitudinal sectional view 
through a portion of a muffler constructed in ac 
cordance with the invention. 

Fig. 2 is a transverse Sectional view on line 2-2 
of Fig. 1. 

Fig. 3 is a fragmentary longitudinal sectional 
view showing a different form of construction. 

Fig. 4 is a fragmentary longitudinal section 
showing a still further form of construction. 

Fig. 5 is a longitudinal section illustrating a 
substantially flat construction whereas the other 
forms are of annular cross section. 

Fig. 6 is a transverse sectional view online 6-6 
of Fig. 5. 

Fig. 7 is a fragmentary longitudinal section 
showing yet another form of construction. 

Fig. 8 is a longitudinal sectional view of a com 
plete tapered muffler constructed in a manner 
very similar to that shown in Fig. 1. - 

Figs. 9 and 10 are transverse sectional views 
on lines 9-9 and 0-fo respectively of Fig. 8. 

Fig. 11 is a side elevation of the muffler shown 
in Fig. 8, 

(C. 137-160) 

Fig. 12 is a longitudinal sectional view partly in 
elevation showing a two-stage muffler. 

Figs. 13 and 14 are elevations partly in Section 
showing two forms of mufflers well Suited for air 
Craft. 5 

Fig. 15 is a transverse Section on line 5-5 of 
Fig. 14. 
Fig.16 is a longitudinal sectional view partly in 

elevation illustrating yet another form of con 
struction. 
In the form of construction shown in Figs. 1 

and 2, a gas conduit is provided having a plural 
ity of longitudinally spaced axially alined cylin 
drical portions 2 which enlarge the conduit both 
externally and internally, said conduit also having 15 
a plurality of longitudinally spaced axially alined 
Venturi-like portions 20 which decrease the di 
ameter of the conduit both internally and ex 
ternally between the enlargements. Tubular 
means, in the form of a sleeve 23, Snugly sur 
rounds the cylindrical portions 2 and co-acts 
with the exteriors of the Venturi-like portions 20 
in providing annular pockets 24. Substantially 
at their smallest diameters, these Venturi-like 
portions are provided with auxiliary portage 25 
from their interiors into the pockets 24, and the 
sleeve 23 is formed with auxiliary openings 26 ex 
tending from said pockets 24 to its exterior. 
In order to maintain low back-pressure, the 

passage through the Wenturi-like portions of the 
conduit should be streamlined as much as possible 
and the throats should not be unduly restricted. 
Well proportioned Wenturi-like tubes will not ma 
terially retard the flow of a gas through them, 
although the gas velocity is increased and the 
pressure decreased at the tubes' smallest diameter. 
This characteristic reaction is used with great 

effectiveness in the present muffler, especially dur 
ing the passage of the high-pressure part of the 
pulsating exhaust gas discharge. As the pulsat 
ing exhaust gases pass through the first several 
Wenturi-like portions 20 of the conduit, part of 
the gas from each succeeding high-pressure wave 
peak, expands and escapes under reduced pres 
Sure in the direction of the arrows and is diffused 
by passing through auxiliary ports 25, pockets 24 
and openings 26 into the atmosphere. The high 
pressure wave peaks, at this stage, are of too 
great an intensity to be entirely neutralized by 
the Venturi tube's reaction. The result is that 50 
part of each high-pressure wave is discharged 
through the auxiliary ports and openings at a less 
ened pressure, hence less noisily. Should there 
be a sufficient number of Venturi-like formations, 
the high-pressure wave peak will be materially re- 55 
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said Venturi tubes. 

2 
duced by dissipation and cold air will be drawn 
Substantially continuously into the conduit 
through the last few auxiliary ports and open 
ings provided. It is also conceivable that during 
the passage of the low-pressure part of the wave 
through the Venturi-like formations, air may be 
drawn through the auxiliary openings into the 
conduit. 
The operation as described serves to effectively 

smooth out the exhaust pulsations within the 
conduit without excessive back-pressure. 

Insofar as the specific structure of the conduit 
of Figs. 1 and 2 is concerned, it preferably con 
Sists of a plurality of separate Wenturi tubes upon 
which the numbers 20 have been placed, and 
Spacing tubes between and abutting the ends of 

The intermediate portions 
of the Venturi tubes form the restrictions 22 and 
the ends of said Wenturi tubes and the Spacing 
tubes form the Swells 2. 
In the form of construction shown in Fig. 3, a 

plurality of longitudinally Spaced axially alined 
cylindrical conduit portions 28 are provided, and 
a plurality of Venturi-like conduit portions 29 
are provided between and in axial alinement with 
said cylindrical conduit portions 28, said Wenturi 
like conduit portions 29 having enlarged ends in 
unobstructed communication with said cylindrical 
conduit portions 28 and being contracted between 
their ends. Tubular means, in the form of a 
sleeve 27, Snugly surrounds the cylindrical con 
duit portions 28 and co-acts with the contracted 
portions of the Venturi-like conduit portions 29, 
in forming pockets 30. The conduit portions 29 
are provided between their ends with auxiliary 
portage 32 placing their interiors in communica 
tions with the pockets 30. Perforations 20 are 
formed in the sleeve 27, placing the pockets 30 in 
communication with the atmosphere. 
The conduit in Fig. 3 is formed from a plu 

rality of short tubes 33 having contracted ends 34 
disposed toward the outlet end of the muffler, and 
a plurality of additional short tubes 35 abutting 
the tubes 33 and having reduced ends 36 disposed 
toward the intake end of the muffler, the tube ends 
34 being received within and spaced from the 
tube ends 36 to provide the Venturi-like portions 
29 and the annular ports 32. 
The sleeve 27 is preferably formed from sec 

tions 37 crimped or otherwise secured together at 
38, said Sections having inwardly pressed ridges 
39 abutting the tubes 33 and 35 at the juncture 
of their reduced ends with the larger portions of 
the tubes, thereby holding the latter tightly in 
position. The first tube 33 is preferably provided 
with a lateral flange 40 lying against a similar 
flange 4 on the first sleeve section 37, these 
flanges being secured together by crimping a por 
tion 42 of the exhaust pipe 43, around them. 
The structure illustrated in Fig. 3 functions in 

the same manner as that disclosed in Fig. 1. 
The nozzle-like throats 34 of Wenturi-like por 

tions 29 are structural and do not materially affect 
the pressure recovery ratio, inasmuch as the di 
Verging discharge tubes 35 streamline the passage 
and reduce turbulence. 

In Fig. 4, the muffler embodies a plurality of 
short axially alined tubes 44 each having two cy 
lindrical end portions 45 and 46, a perforated step 
portion 47 at the inner extremity of the end por 
tion 45, the perforations of said step portion being 
shown at 53, and a restricted portion 48 from Said 
step portion 47 to the end portion 6. These tubes 
44 are disposed in abutting end-to-end relation, 
and a plurality of additional short tubes 49 are 
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Snugly fitted and secured in the adjacent ends of 
said tubes 44. Each of the tubes 49 is provided 
with a contracted end 50 extending within the 
perforated step portion 47 and one end of the 
restricted portion 48 and Spaced from the latter. 
The cylindrical portions of the tubes 49 provide 
longitudinally Spaced cylindrical conduit portions 
28X and the tube portions 48 and 50 co-act in 
forming axially alined Wenturi-like conduit por 

5 

tions 29X between said cylindrical conduit portions 10 
28X. The steps 47 constitute tubular means sur 
rounding the parts 50 of the Venturi-like portions 
29X, said tubular means co-acting with said parts 
50 in forming annular pockets 5. These parts 
50 are spaced from the tube portions 48 to form 15 
annular auxiliary portage 52 from the interiors 
Of the Wenturi-like conduit portions 29X into the 
pockets 5 f, and perforations 53 in the annular 
means 47 place Said pockets in communication 
with the atmosphere. 

Moreover, this structure functions in the same 
Way as above described. 
A Substantially flat, transversely 1ectangular 

muffler is shown in Fig. 5, embodying a two-Sec 

20 

tion sleeve 54 and two bent metal strips 55 se- 25 
cured within said sleeve. These strips are bent 
to provide airfoils 56 spaced apart by straight 
Strip portions 57, providing the conduit with al 
ternate Swells and restrictions and being hence 
the equivalent of a Series of Venturi tubes. 
airfoils 56 co-act with the sleeve 54 in providing 
pockets 58 into which gas from the high pres 
Sure Wave peak may flow through the auxiliary 
ports 59 and from which it may discharge 

The 30 

through the openings 60 or into which air may 35 
flow through openingS 60 and from which it may 
be drawn into the conduit through said auxiliary 
ports 59. 

In Fig. 7, the construction is very similar to 
that illustrated in Fig. 3, the alternate restric- 40 
tions and Swells in the diameter of the gas con 
duit being provided by abutting tubes 33' and 
35' having contracted ends 34' and 36' 1"espec 
fively which are Spaced apart longitudinally of 
the muffler to provide the auxiliary ports 32. The 4 
sleeve 2" Snugly holds the abutting tubes and 
co-acts with the restrictions of the conduit in 
providing pockets 30' from which openings 3' 
are provided. The sleeve 27' is in sections, suit 
ably secured together at 38'. When a tail-pipe is 
is used as illustrated, the auxiliary gas discharge 
is more continuous depending upon the amount 
of restriction offered. 
The structure shown in Figs, 8 to li is very 

similar to that shown in FigS. 1 and 2, the con 
duit being composed of Wenturi tubes 22 spaced 
apart by Spacing tubes 2'. The abutting tubes 
are snugly fitted and held within a tapered sleeve 
23' which co-acts with the restrictions of the con 
duit in providing gas conducting pockets 24'. Gas 6 
conducting slots 25' formed in the Wenturi tubes 
22, lead to the pockets 24', and openings 26’ 
in the sleeve 23, lead from said pockets. By 
preference, the slots or the like 25' increase grad 
ually in width toward the discharge end of the (; 
muffler, and the diameters of the openings 26 
increase gradually toward Said muffler end. Be 
yond the last spacing sleeve 2', the sleeve 23' 
is preferably contracted as shown and provided 
with gas discharge perforations 6. In the ta- 7 
pered form shown, the auxiliary gas discharge is 
increased especially at the larger end of the muf 
fier-the amount depending upon the rate of 
taper and the degree of restriction at the smaller 
end. 
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In Fig. 12, the assemblage 62 is practically iden 

tical with that shown in Fig. 8, but shorter, said 
assemblage being received in the larger end of a 
tapered sleeve 63 and being inwardly spaced 
from said sleeve. The portion of the sleeve 63 
between the assemblage 62 and the delivery end 
64 of sad sleeve, is occupied by Wenturi tubes 
220 and spacing tubes 2 a providing alternate 
swells and restrictions. The restrictions co-act 
with the sleeve 63 in providing pockets 24a, hav 
ing perforations 25 and 268, gas-receiving pock 
ets 24a to which perforations 258 extend and from 
which additional perforations 26 a lead to the ex 
terior of the sleeve. The Similarity of the as 
Semblage 62 to the construction shown in FigS. 
1 and 8, will be obvious, and the existing anal 
ogy between the structure 28, 22a, etc. and Figs. 
1 and 8, will also be clear. 
The structure of Fig. 12 provides a two-stage 

muffler which is well adapted to unusually noisy 
engines or to installations requiring unusual quiet 
ing of the exhaust gases. 

In Fig. 13, an assemblage 65 constructed in 
the manner shown in Fig. 4, is centrally secured 
in a longitudinally tapered jacket sleeve 66, Said 
sleeve 66 having a dome-like front end 67 pro 
vided with air inlets 68 and being provided at 
longitudinally spaced points with inwardly 
stamped portions providing gas outlets 69. The 
stream-line type of this form of muffier and the 
fact that the rush of air around the same will 
assist in causing discharge of exhaust gases, read 
ily adapt it for use on aircraft. 

in Figs. 14 and 15, an assemblage 70 con 
structed as illustrated in Fig. 3; extends on 
gitudnally Within a transversely-stream-lined 
jacket sleeve Which is closed at, both of its 
ends and provided with gas escape slots T2 (or 
if desired, with series of perforations). The slots 
or the like 2 are so located that the rush of air 
against the sleeve 7 in the direction of the ar 
rows 3, causes the creation of outward Suction 
through said slots or the like, assisting in with 
drawing the gases from the muffler. The gas 
inlet 74 extends into the conduit through one 
side of the jacket sleeve and the tail end of 
the assemblage 79 is preferably reduced as de 
noted at 5, and open to the atmosphere. 
In Fig. 16, an assemblage 6 constructed as 

illustrated in F.g. 7, extends longitudinally with 
in a jacket sleeve 77 which is imperforate and 
closed at both of its ends. The sleeve 78 of the 

. assemblage 6 is provided with annular baffles 
79 between its gas-conducting openings 89, said 
baffles inclining toward the jacket sleeve 77 and 
terminating in Spaced relation. With the latter. 
From the openings 80 toward the intake end of 

60 
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the muffler, exhaust gases discharge into the 
space between the sleeves 78 and 77. At the 
delivery end of the muffler, the Wenturi throats 
are of less diameter than those at the intake 
end so that the gases previously discharged into 
Said space are returned into the conduit by Suc 
tion and discharged through the final outlet 8. 
From the openings 80 toward the intake end 
of the muffler, exhaust gases discharge into the 
space between the sleeves 78 and , but toward 
the delivery end of the muffler, the pressure of 
the gases within the conduit becomes SO reduced, 
that the gases previously discharged into said 
space, are returned into the conduit by suction 
and discharged through the final outlet 8. 

It will be seen from the foregoing that most 
forms of the invention comprise a straight tubu 
lar gas conduit having longitudinally Spaced axi 

B 
ally alined cylindrical portions which enlarge the 
diameter of the conduit both internally and ex 
ternally, said conduit also having longitudinally 
spaced axially alined Wenturi-like portions be 
tween said cylindrical portions which decrease 
the diameter of the conduit both externally and 
internally between said enlargements, Said Wen 
turi-like portions being in unobstructed com 
munication with said cylindrical portions, each 
of said Venturi-like portions having a restricted 2: 
substantially annular (either continuous or a 
ring of perforations) auxiliary port from the in 
terior to the exterior of its contracted interne 
diate portion, and tubular means surrounding 
at least parts of said Wenturi-like conduit por-lij 
tions and spaced radially therefrom to provide 
annular pockets, the peripheral Walls of Said 
pockets having openings. Mufflers so constructed, 
Well attain the ends for which they are designed 
and lend themselves admirably to use either with 20 
or without an enveloping jacket sleeve or the 
like. 

It may be added that the pressure head at the 
peaks of the exhaust waves, is amply Sufficient 
to overcome any vacuum that might otherwise 25 
exist at the Wenturi throats. The wave phe 
nomenon is due to the inertia of the gases and 
cannot be smoothed out before the gases enter 
the muffler except with a very long exhaust pipe 
or exorbitantly large manifold. A pressure gauge 30 
in the exhaust line (due to lag) fails to show 
the true state of affairs. The best it will show is 
the mean pressure. The peaks of the Waves p0S 
sess comparat vely high pressure. 
While various forms of construction have been 35 

shown for illustrative purposes, variations may 
of course be made within the scope of the in 
vention as claimed. 

I claim:- 
1. In a muffler, an assemblage comprising a 40 

gas conduit having a plurality of axially alined 
Venturi-like formations providing alternate SWells 
and restrictions, and ports from said restric 
tions to the exterior of the conduit, and means 
co-acting with at least portions of Said restric- 45 
tions in providing pockets at the exterior of Said 
restrictions, said means having openings from Said 
pockets to its exterior; a sleeve into one end of 
which said assemblage extends, said sleeve being 
spaced from the periphery of said assemblage and 
extending longitudinally beyond the same; and a 
second gas conduit snugly secured in the por 
tion of said sleeve beyond said assemblage and 
composed of a plurality of axially alined Venturi 
like formations providing additional alternate 
sWells and restrictions, the restricted portions of 
said second conduit co-acting with Said sleeve 
in forming pockets and having ports into said 
pockets, said sleeve having openings from Said 
pockets to its exterior. 60 

2. A muffler comprising a tapered gas conduit 
having a plurality of axially alined Wenturi-like 
formations providing it with alternate SWells and 
restrictions, said formations having portS from 
the interiors to the exteriors of Said restrictions, 
a tapered sleeve in which said conduit is Snugly 
fitted and secured, said sleeve co-acting with the 
exteriors of said restrictions in providing annular 
pockets and having additional openings from Said 70 
pockets to the exterior of the sleeve, Said sleeve 
having a gas inlet at its larger end and a gas 
outlet at its smaller end; a second tapered sleeve 
into whose larger end the first mentioned sleeve 
extends, said second tapered sleeve being tapered 75 
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4. 
in the same direction as said first mentioned 
sleeve, extending beyond the latter and being 
Spaced from the periphery thereof; and a second 
tapered gas conduit having a second plurality 
of axially a lined Venturi-like formations provid 
ing additional alternate SWells and restrictions, 
Said Second conduit being Snugly fitted and Se 
cured in the portion of said second sleeve between 
the first mentioned conduit and the Smaller end 
of Said Second sleeve; said portion of Said second 
sleeve co-acting with the exteriors of Said addi 
tional contractions in providing additional pock 
ets and having Openings from said additional 
pocketS to the exterior of said second sleeve, said 
Second sleeve being provided at its Snailer end 
with a gas outlet, 

3. A muffler comprising a gas conduit com 
posed of a plurality of axially alined tubular por 
tions, each of which is provided with a SWelled 
intermediate portion and contracted ends, said 
tubular portions being disposed in end-to-end 
relation and having their ends spaced apart to 
provide ports, and a Sleeve in Which said tubular 
portions are Snugly fitted and Secured, Said sleeve 
co-acting With the exteriors of Said contracted 
ends in forming pockets and having openings 
from Said pockets to the exterior of the sleeve. 

4. A muffler comprising a gas conduit having 
a plurality of axially allined Wenturi-like forma 
tions providing it. With alternate Swells and re 
Strictions, said restrictions having ports from 
their interiors to their exteriors; a sleeve in 
which said conduit is snugly fitted and secured, 
Said sleeve co-acting with the exteriors of Said 
restrictions in providing pockets and having open 
ings from Said pockets to its exterior; an outer 
imperforate jacket sleeve surrounding and spaced 
from the first mentioned sleeve and having closed 
ends, and annular gas baffles projecting from said 
first mentioned sleeve toward said jacket sleeve 
but spaced from the latter. 

5. A muffler comprising a conduit composed of 
a plurality of short axially alined tubes disposed 
end to end, each of said tubes having cylindrical 
end portions, a perforated portion at the inner 
eXtremity of one of said cylindrical end portions, 
and a restricted portion extending from said per 
forated portion to the other of said cylindrical 
end portions; and additional short tubes Snugly 
fitted and secured in the adjacent cylindrical end 
portions of the first mentioned short tubes, said . 
additional short tubes having contracted ends 
extending within said perforated portions into. 
Said restrictions, Said contracted ends being 
Spaced in Wardly from said perforated portions 
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and restrictions, providing annular pockets with 
Which the perforations communicate, and ports 
from the interior of the conduit into Said pockets. 

6. In a muffler, an assemblage comprising a 
conduit having a plurality of axially alined Wen 
turi-like formations providing alternate SWells 
and restrictions, and ports from the interiors to 
the exteriors of Said restrictions; and means at 
the exterior of the conduit co-acting at least 
With portions of said restrictions in forming pock 
ets with which said ports communicate, said 
means having additional openings from said 
pockets to the exterior of the latter; Said conduit 
having a gas inlet at one end and a gas outlet 
at itS other end; and a jacket sleeve Surrounding 
the above-defined assemblage, said jacket sleeve 
having a dome-like front end provided with air 
admission Openings, being tapered rearwardly 
and having longitudinally spaced air and gas dis 
charge openings. 
"...7. A muffler comprising an elongated cylindri 
cal Casing having longitudinally spaced groups of 
perforations, Short cylindrical tube members se 
Cured in and in Contact with said casing, said 
Short cylindrical tube members being located be 
tween Said groups of perforations, and Venturi 
like tubes extending between said short cylin 
drical tube members, each of said Venutri-like 
tubes having both of its ends enlarged and dis 
pOSed directly at and in gas-tight relation with 
the adjacent ends of the two adjacent cylindrical 
tube members, said Venturi-like tubes having 
paSSages from the interiors to the exteriors of 
their Contracted intermediate portions, the per 
forations of Said cylindrical casing being in por 
tions thereof which do not contact with said 
Wenturi-like tubes. 

8. A muffler comprising longitudinally spaced 
axially alined cylindrical conduit portions and 
Venturi-like conduit portions between and axially 
alined With Said cylindrical conduit portions, said 
Wenturi-like conduit portions having enlarged 
ends in unobstructed communication with Said 
Cylindrical conduit portions, being contracted 
both internally and externally between their ends 
and being provided in their contracted portions 
With Openings, and tubular means surrounding 
at least parts of said Wenturi-like conduit por 
tions and Spaced radially therefrom to provide 
annular pockets, said pockets being placed in com 
munication. With the interiors of Said Wenturi 
like Conduit portions by means of Said openings, 
the peripheral Walls of Said pockets having open 
'ingS. 
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