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This invention relates to exhaust mu?iers of 
the type disclosed by the E. D. Latulippe Patent 
No. 2,158,030 issued May 9, 1939. This type may 
be used to muffle any exhaust creating an 
acoustical disturbance. It is particularly adapted 
for application to aircraft having engines pro 
ducing exhausts which it is desirable to muilie 
to make their characteristic noise less disturbing. 
This type may be produced ‘in a light-weight form 
producing relatively littleback pressure while 
effectively muf?ing. 
One of the objects of the present invention is 

to improve on this type " of muffler to produce a 
light-weight muffler that muf?esv even more effec 
tively with even less back pressure. When back 
pressure is exerted against an exhaust from an 
engine the engine cannot operate at its maxi 
mum power. It is undesirable to decrease the 
maximum power of an aircraft engine. Another 
object is to improve on this type of muiiler to 
produce a mullier that may be more easily manu 
factured and which is constructed so its parts 
are less likely to shake loose during the heavy 
vibration and generally severe service conditions 
encountered in aircraft applications. Other ob 
jects may be inferred from the following. 
A speci?c example of a muffler constructed in 

accordance-with the present invention is illus 
trated by the accompanying drawings. and de 
scribed hereinbelow for the purpose of disclos 
ing the principles and operation of this inven 
tion. No unusual manufacturing problems are 
involved and anyonerskilled in the art who knows 
the principles and operation of the invention may 
construct this exemplary muffler. Such familiar 
ity will permit changes in the speci?c details 
shown and will enable‘the production of various 
modi?cations. One’ suggestive modi?cation is 
illustrated. by the drawings and described herein. 
In these drawings— 
Fig. 1 is a side elevation of the mu?ler; 
Fig. 2 is a longitudinal, vertical section with 
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the parts clari?ed by a scale enlargement which _ 
requires the mu?ier to be broken because of space‘ 
limitations ; 

Fig. 3 is an enlarged crosssection of the mu?ier 
taken on the line 3-3 in Fig. 2; 

Fig. 4 is an enlargement of a segment of Fig. 
2 for the purpose of further clarifying the. de 
tails; 

Fig. 5 is an endview looking directly up’ the 
tail of the mu?‘lerand .is'on a scale comparable 
to that of Fig. 2 ; 

Fig. 6 is an enlarged perspective of a detail of 
the tail piece; 55 

2 
Fig. '7 is a view similar to Fig. 2, but is on a 

relatively enlarged scale and shows the tail piece 
in modi?ed form; 

.Fig. 8 is an end view of Fig. ‘7, and 
Fig; 9 is a vertical transverse cross section taken 

on the line 9—9 in Fig. 7. 
Referring to Fig. l the mu?ler has an elongated 

outer casing in the form of a cylindrical tube. 
The inlet end of this casing I has a tapering" in 
let chamber 2, and the outlet end of the casing 
I has a tapering outlet chamber 3. The exhaust 
pipe 4 connects with the ‘inlet chamber 2 while 
as part of the mu?ier to tail piece 5 extends back 
wardly and downwardly at an angle from the 
outlet chamber 3. The exhaust pipe 4 is shown 
with an air inlet pipe 6 provided with an air 
funnel ‘I so the movement of the aircraft drives 
air through the pipe 6 ‘into the exhaust pipe 
4 to keep enough air in the exhaust and mu?ler 
system to prevent an explosion hazard in the 
event the aircraft engine mis?res and ?lls the 
system with unburnt fuel. 

It is to be assumed that the mu?ier is applied 
to an aircraft. The device is long and relatively 
slender and so has little wind resistance when in 
stalled on the outside of the aircraft where it 
is exposed. 
The mu?ler’s internal construction is shown 

by Fig. 2. In addition to the outer casing I the 
mullier has an elongated inner casing 8. The 
outer casing I and the inner casing 8 are mutual 
ly spaced and are respectively constructed and 
mutually arranged to conduct the exhaust be 
tween the casings I and 8 and-inside of the inner 
casing 8. This inner casing 3 is also shown as a 
cylindrical tube and it is concentrically arranged 
inside the outer casing I. The casing 8 is of 
smaller diameter than the casing I so its outside 
is mutually spaced from the inside of the casing 
I to provide a tube-likespace extending longi 
tudinally of the muffler. The inside of the inner 
casing 8 provides another longitudinally extend 
ing space. 
The outer casing I ‘ has superimposed and 

mutually spaced ‘outer and inner walls. The outer 
wall Ia is substantially gas-tight and may com 
prise a sheet metal tube. It joins with the cham 
bers 2 and 3 in a gas-tight manner. The inlet 
chamber 2 is connected with the exhaust pipe 
4 in a gas-tight manner and the tail piece 5 is 
connected with the outlet chamber 3 in a gas 
tight'manner. All of these parts of the muiiler 
may be made from sheet metal that is free from 
openings. 
The outer casing’s inner wall I b is perforated 
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throughout its entire extent. It may comprise 
a sheet metal wall having suf?cient perforations 
to give it the characteristic of a screen. The ends 
of this inner wall lb have outwardly projecting 
annular ?anges lc by which it is connected with 
the outer wall la of this outer casing l. 
The inner casing 8 has superimposed and 

mutually spaced outer and inner perforated walls 
Ba which are similar to the wall lb of the outer 
casing. The inner casing also has a central sub 
stantially gas-tight wall 8b which is substantially 
like the outer wall la of the outer casing I. 
Where reference is here made to walls being sub 
stantially alike it is to be understood that differ 
ent diameters are involved and that the ends 
are slightly modi?ed in the respective instances. 
Thus the ends of the perforated walls 8a of the 
inner casing are joined together at their front 
ends by inner and outer rings H which have 
?anges connecting with these walls 8a and which 
taper inwardly to provide ?anges which are in 
terconnected by being fastened to the gas-tight 
wall 8b which has its end sandwiched between 
them. At the outlet end of the device the outer 
one of the perforated walls 8a is tapered in 
wardly and fastened to the inner one of the walls 
8a with the gas-tight central wall 8b butted 
against the tapering end of the outer perforated 
wall. 

In Fig. 2 the perforated insides of the inner 
walls of the outer and inner casings respectively 
are shown perforated only in the cross-sectioned 
portions. This is done to avoid confusion which 
results when the holes are shown throughout 
the curving halves illustrated in elevation. Fig. ll 
is provided to clarify the construction, and in this 
the perforations in the walls lb are marked Id 
and those in the walls 8a of the inner casing are 
marked 80. All of the perforations ld in the 
elevation portion of this ?gure are not shown 
but a few are indicated to show their distribution. 
In all cases the perforations are relatively small 
and there are a relatively large number of them, 
the walls being completely ?lled with the perfora 
tions in each instance. 
As shown particularly well by Fig. 3, the inner 

casing is positioned inside the outer casing by 
the use of short channel sections l2 having their 
webs radially arranged and their ?anges fastened 
to the wall lb and the outer one of the walls 8a 
respectively. Su?icient of these channel sections 
are used to secure rigidly and they are shown only 
at the ends of the two casings. 

Fig. 3 also shows that the various walls are 
formed by cylindrically bending metal sheets and 
overlapping and fastening their ends. Butt joints 
could also be used if the joints are made ade 
quately permanent. 
The tail piece 5 of the device is shown in 

maximum detail by Figs. 2 and 5. This tail piece 
includes superimposed, gradually flattening tail 
conduits 5a and 5b which extend backwardly 
from the chamber 3 in a gas-tight manner as 
previously explained. Conduit 5b connects with 
the inside of the inner casing 8 through an inner 
short casing 3a that extends through the outer 
casing 3b of the chamber 3 as a short tubular 
cylinder part having its inner end fastened to 
the tapering wall of the outer one of the walls 8a 
of the inner casing. Thus the chamber 3 com 
prises the outer short casing 3b and the inner 
short casing 3a. This latter casing 311 is pro 
vided with a plurality of partial punches 30 which 
are formed as inwardly projecting scoops point 
ing in the direction the exhaust comes from the 
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4 
inner casing. This inner short casing 3a posi 
tions the inner end of the conduit 5b within the 
tail piece and the outer end of the conduit 5b is 
rigidly positioned therein by a plurality of short 
channel sections 50. These sections are arranged 
with their webs transversely between the outer 
?at end of the outer tail conduit 5a with their 
?anges fastened to its insides. These sections 
have slots 5d receiving the ?attened end of the 
inner tail conduit 5b. The parts are assembled 
in a rigid manner. 
The outlet chamber 3 and the tail piece 5 fol 

low the general arrangement of the comparable 
parts disclosed by the mentioned Latulippe 
patent. They differ from it in that a larger 
number of the openings or scoops 3c are used and 
in that these openings are arranged directly in 
side of the outlet chamber 3b rather than farther 
back in the tail piece. The tail piece is also 
shown angling downwardly because this is gen 
erally a better arrangement for many aircraft 
installations. 
As shown in Fig. 2 the spacing between the 

walls of the respective casings is considerably 
less than the spacing between the two casings 
proper. Sound absorbent material l‘la is posi 
tioned between the mutually opposed'surfaces 
of the gas tight walls and the perforated walls 
respectively. Thus this sound absorbent ma 
terial is positioned between the walls la and lb 
and between the walls 841 and 8b. The absorb 
ent material may comprise stainless steel wool 
or other refractory ?brous material capable of 
resisting the vibration. This material is packed 
relatively compactly between the respective walls. 
The material should be acoustically absorbent 
respecting at least the dominant frequencies of 
the exhaust’s vibration. 
With the muffler connected with the exhaust 

pipe and with the latter carrying the exhaust 
creating the disturbing noise the operation of 
the mu?ler is as follows. 
The exhaust gases enter the inlet chamber 2 

and are thereby connected with both the space 
between the two casings and the space inside the 
inner casing. The chamber 2 functions to equal 
ize the pressure between these two spaces. The 
exhaust travels through both spaces and into the 
outlet chamber 3 through which it passes to exit 
through the tail piece 5. This tail piece functions 
to impede the ?ow of the exhaust gases from 
the outlet chamber to provide a very slight back 
pressure which slightly increases the normal 
pressure of the exhaust traveling through the 
casings of the muffler. The openings 3c in the 
short inner casing 3a of the outlet chamber 3 
also interconnect the spaces between the casings 
and inside the inner casing to assure pressure 
equalization therebetween. The ?attening of the 
respective tail piece conduits should be adequate 
to provide this slight back pressure effect, but 
not sumcient to impede the exhaust so much as 
to materially affect the power output of the 
engine producing the exhaust. 

Since the pressures in the two spaces provided 
by the two casings are the same the exhaust gases 
tend to travel uniformly through both spaces. As 
the exhaust gases travel through the spaces the 
exhaust gases are con?ned by the double walled 
construction shown and described. The gases 
tend to penetrate the perforated wall so that the 
sound absorbent material l2 functions as a sound 
absorbent wall carrying the exhaust gases. As 
a result the acoustical energy is effectively mu?led 
out by absorption. This is done without abrupt 
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changesv of?‘ thea?ow-ing' ‘direction: of i the : exhaust 
gases or' in any otheryway-impeding the exhaust 
gases“?ow-materiallwte result ‘:inuhigh'v back pres 
sure; 

Thee-murder: illustrated is. relatively‘ small. In 
the case: of larger mu'?l'ersi intended-1 for larger 
engines the-number of multiple-walled casings 
may be increased ‘to prov-idemore e?ective lsound 
absorption from the» traveling exhaust gases; 
The slight tape-r of’ the exhaust ’ chamber “312' is 

in- some instances by itself“ sufficient-to impede 
the exhaust flowing from the'emuf?’er- to asuffi 
cient extent to ' materially increase vthe- sound-‘i ab 
sorption properties; Where-adequate- sound ab‘ 
sorption is provided in this‘fashion- the tail‘ piece 
5‘ may be eliminated.- The tail‘ piecemay also be 
eliminated in’ cases where» themu?i'er is made 
longer ‘to’ maintain ' the- exhaust gases in -contact 
with the sound absorbent material for‘ a» longer 
period of time than-in‘ the- caseiof‘the/ shorter 
muffler illustrated. 

Since the exhaust is: simply‘ carried straight 
through the muffler» the parts may be'made very 
light in weight by'using“ relatively thin-gauged 
sheet metal such- as thinv stainless steel. Any 
pulsations'inthe exhaust are-rapidly damped out 
by the sound absorbent material l2‘ so that the 
muffler‘ is not subjected to=material vibration due 
to ‘the exhaust; 
In the modi?cation shown by‘ Figs. 7" through 

9' a straight cylindrical‘outl'et chamber 14 is sub 
stituted' for the‘ tapered‘chamber-Ii' of’the mu?ler 
assembly shown-by Figs. 1" through 5‘; This per-' 
forms" all the functions-previously described. The 
various walls \of the, inner casing- are- somewhat 
differently arranged‘ but this diiference‘ is rela 
tively slight and- need not be described‘ since-it 
is apparent from the drawings. 
The modi?ed tailpiece I5= has an outer casing 

shaped‘ somewhat like an' egg-and internally pro 
vided with‘ a tear drop shell 16 positioned‘ with 
its large end‘pointingtowardsthe‘flow of exhaust 
gases and‘with its outside spacedfrom the inside 
of the shell [5 by struts ll turned edgewise'to 
the ?owing exhaust-gases.‘ The casing-"and shell 
correspond‘ generally in contour. 
With this modi?ed arrangementthe tear "drop 

shell I 6 provides a slight ?ow impedanceto‘build 
upthe'slightback pressure back in- the main‘por 
tion of the mu?'ler. 
directly impinged by the exhaust gases leaving 
the‘inner casing-its'general shape is such that it 
does not have to: provide much reaction to these 
gases; The shell’s' shape makes it inherently 
rigid. Furthermore it is‘receiving the exhaust 
gases after the vibration energyhas been largely 
removed.by-beingcabsorbed by the sound absorb 
ing material between the multiple; wallsrof the 
various casings: ' 

It ‘is to‘ be noted that the construction" is' such 
that'the‘exhaust gases vcannotienterbetween the 
various walls of the’ respective casings‘ l' and'8 
through any spaces between their end‘edges. The 
effect is substantially that Qf'cOnduQtingthe ex 
haust gases through a plurality-of straight‘sound 
absorbent passagewayv walls. with the. exhaust 
uniformly distributed. throughout the various 
passageways without any localized pressure non 
uniformities. The uniform distribution of» the 
pressure throughoutthe entiredeyice not only 
affects maximum sound. dampening. or. muffling 
but has the further. adivantagefofj preventingv .the 
formation of localized. hotspots in' the. muffler 
construction. ' 

The acoustical absorbent. material. permits 

Although the shell IE‘ is r 
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some-penetration by the exhaust; The-acoustical 
energy'in the absorbed exhaust is‘ reflectedlback 
andv forth‘ between the. respective casing walls 
and thus: damped out. Thise?’ect. is; obtained 

' when the. ‘sound absorbent material is eliminated. 
When using the material thete?ect increases the 
sound, absorption ef?ciency. 
Assshown by Fig. 7 the tail of the tear drop 

shell [6. is: longv and projectstwell‘ beyond the back 
end of the outer: casing I5. The outlet end of 
thecasing [5 has substantially the. same inside 
diameter. as that of. the inlet chamber 2 of the 
muffler where it connects‘with the exhaust pipe 
4. The. contours of the‘ casing l5 and shell IS 
follow each other as much aspossible with the 
foregoing quali?cations. Thisconstruction pro 
ducesa jet eii’ject providingvthrustfor pushing the 
aircraft. 
Iclaim: 
1. An exhaust muffler including mutually 

spacedv outer andv inner elongated casings con 
structed and arranged to conduct the exhaust 
therethroughbetween said casings and inside said 
inner casing, said outer casing having superim 
posed’ andimutually spaced outer and inner walls 
with: said outer wall substantially gas-tight and 
said inner wall perforated, and said inner casing 
having superimposed and mutually spaced outer 
and inner perforated: walls anda central substan 
tially gas-tight wall interposed therebetween. 

2. An exhaust muii'ler including mutually 
spaced outer‘ and inner elongated casings cone 
structed and. arranged to conduct- the, exhaust 
therethrough. betweenv said. casings and inside 
saidlinner casing, said outer casing having su~ 
perimposedand mutually spaced outer. and inner 
walls with said outer'wallsubstantially gas-‘tight 
and said inner wall perforated, and said inner 
casing having superimposed and mutually spaced 
outer’ and inner perforated walls and a central 
substantially gas-tightwall interposed therebe 
tween, sound-absorbent material being positioned 
between the mutually opposed surfaces of said 
substantially gas-tight walls and said perforated 
walls respectively. 

3.. An exhaust muffler including mutually 
spaced outer andinner elongated casings. con 
structed and arranged to. conduct the exhaust 
therethrough between said casings-and-inside said 
inner casing, said outer casing havingsuperim 
posed and mutually spacedouter and-inner walls 
with said outer wall substantially-gas-tight and 
said inner wall perforated, and said inner cas~ 
ing having superimposed and mutually space-d 
outer and inner- perforated. walls and a central 
substantially gas-tight- wall interposed therebe 
tween, said casings having an inlet'chamber at 
their exhaust-inlet endswith the latter and said 
chamberconstructed and arranged to intercon 
nect'the respectiveinsides‘of said casings and to 
introduce the» exhaust thereto, and said casings 
having an outlet chamber at their exhaust-out 
let-ends with the latter andsaid outlet chamber 
constructed and arrangedto interconnect their 

. respective insidtsandto carry the. exhaustthere 
from... 

4.. An exhaust muf?er including mutually 
spaced outer. andinner elongated casings con» 
structed and arranged. to conduct. the exhaust 

therethrough between said casings and inside inner. casing, said outer casing having superim 

posed. and: mutually. spaced . outer and inner. walls 
with said outer Walls substantially gas-tight and 
said inner wall perforated, and said inner casing 
hayingsuperimposed and mutually spaced outer 
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and inner perforated walls and a central sub 
stantially gas-tight wall interposed therebetween, 
said casings having an inlet chamber at their 
exhaust-inlet ends with the latter and said cham 
ber constructed and arranged to interconnect the 
respective insides of said casings and to intro 
duce the exhaust thereto, and said casings hav 
ing an outlet chamber at their exhaust-outlet 
ends with the latter and said outlet chamber 
constructed and arranged to interconnect their 
respective insides and to carry the exhaust there 
from, sound absorbent material being positioned 
between the mutually opposed surfaces of said 
substantially gas-tight Walls and said perforated 
walls respectively. 

5. An exhaust muffler including mutually 
spaced outer and inner elongated casings con 
structed and arranged to conduct the exhaust 
therethrough between said casings and inside 
said inner casing, said outer casing having su 
perimposed and mutually spaced outer and inner 
walls with said outer Wall substantially gas-tight 
and said inner wall perforated, and said inner 
casing having superimposed and mutually spaced 
outer and inner perforated walls and a central 
substantially gas-tight wall interposed therebe 
tween, said casings having an inlet chamber at 
their exhaust-inlet ends with the latter and said 
chamber constructed and arranged to intercon 
nect the respective insides of said casings and 
to introduce the exhaust thereto, and said cas 
ings having an outlet chamber at their exhaust 
outlet ends with the latter and said outlet cham 
ber constructed and arranged to interconnect 
their respective insides and to carry the exhaust 
therefrom, said outlet chamber connecting with 
means for at least slightly impeding the ex 
haust flow therefrom. 

6. An exhaust muffler including mutually 
spaced outer and inner elongated casings con 
structed and arranged to conduct the exhaust 
therethrough between said casings and inside 
said inner casing, said outer casing having super 
imposed and mutually spaced outer and inner 
walls with said outer wall substantially gas-tight 
and said inner wall perforated, and said inner 
casing having superimposed and mutually spaced 
outer and inner perforated walls and a central 
substantially gas-tight wall interposed therebe 
tween, said casings having an inlet chamber at 
their exhaust-inlet ends with the latter and said 
chamber constructed and arranged to intercon 
nect the respective insides of said casings and to 
introduce the exhaust thereto, and said casings 
having an outlet chamber at their exhaust-outlet 
ends with the latter and said outlet chamber 
constructed and arranged to interconnect their 
respective insides and to carry the exhaust there 
from, sound absorbent material being positioned 
between the mutually opposed surfaces of said 
substantially gas-tight walls and said perforated 
walls respectively, said outlet chamber connect 
ing with means for at least slightly impeding 
the exhaust flow therefrom. 

'7. An exhaust mu?ler including mutually 
spaced outer and inner elongated casings con 
structed and arranged to conduct the-exhaust 
therethrough between said casings and inside 
said inner casing, said outer casing having super 
imposed and mutually spaced outer and inner 
walls with said outer wall substantially gas 
tight and said inner wall perforated, and said 
inner casing having superimposed and mutually 
spaced outer and inner perforated walls and a 
central substantially gas-tight wall interposed 
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therebetween, said casings having an inlet cham 
ber at their exhaust-inlet ends with the latter 
and said chamber constructed and arranged to 
interconnect the respective insides of said casings 
and to introduce the exhaust thereto, and said 
casings having an outlet chamber at their ex 
haust-outlet ends with the latter and said out 
let chamber constructed and arranged to inter 
connect their respective insides and to carry the 
exhaust therefrom, sound absorbent material 
being positioned betwen the mutually opposed 
surfaces of said substantially gas-tight walls and 
said perforated walls respectively, said outlet 
chamber connecting with means for at least 
slightly impeding the exhaust ?ow therefrom, 
said outlet chamber including a substantially gas 
tight outer short casing extending from said 
outer elongated casing and an inner short casing 
having gas ports and positioned inside and spaced 
from said outer casing and extending from said 
inner elongated casing. A 

8. An exhaust muffler including mutually 
spaced outer and inner elongated casings con 
structed and arranged to conduct the exhaust 
therethrough between said casings and inside 
said inner casing, said outer casing having super 
imposed and mutually spaced outer and inner 
walls with said wall substantially gas-tight and 
said inner wall perforated, and said inner casing 
having superimposed and mutually spaced outer 
and inner perforated walls and a central sub 
stantially gas-tight wall interposed therebetween, 
said casings having an inlet chamber at their 
exhaust-inlet ends with the latter and said cham 
ber constructed and arranged to interconnect 
the respective insides of said casings and to in 
troduce the exhaust thereto, and said casings 
having an outlet chamber at their exhaust-outlet 
ends with the latter and said outlet chamber 
constructed and arranged to interconnect their 
respective insides and to carry the exhaust there 
from, sound absorbent material being positioned 
between the mutually opposed surfaces of said 
substantialy gas-tight walls and said perforated 
walls respectively, said outlet chamber connecting 
with means for at least slightly impeding the ex 
haust flow therefrom, said outlet chamber includ 
ing a substantially gas-tight outer short casing 
extending from said outer elongated casing and 
an inner short casing having gas ports and posi 
tioned inside and spaced from said outer short 
casing and extending from said inner elongated 
casing, said means including superimposed 
gradually ?attening tail conduits respectively 
extending from said outer and inner short cas 
mgs. 

9. An exhaust muffler including mutually 
spaced outer and inner elongated casings con 
structed and arranged to conduct the exhaust 
therethrough betwen said casings and inside said 
inner casing, said outer casing having super 
imposed and mutually spaced outer and inner 
walls with said outer wall substantially gas-tight 
and said inner wall perforated, and said inner 
casing having superimposed and mutually spaced 
outer and inner perforated, Walls and a central 
substantially gas-tight Wall interposed there 
between, said casings having an inlet chamber 
at their exhaust-inlet ends with the latter and 
said chamber constructed and arranged to in 
terconnect the respective insides of said casings 
and to introduce the exhaust thereto, and said 
casings having an outlet chamber at their ex 
haust-outlet ends with the latter and said outlet 
chamber constructed and arranged‘ to intercon 
nect their respective insides and to carry the ex 



9 
haust therefrom, said outlet chamber connecting 
with means for at least slightly impeding the ex 
haust ?ow therefrom, said means including a 
generally egg-shaped casing with a generally tear 
drop shaped body mounted therein and spaced 
therefrom with itsv tail pointing baekwardly and 
projecting beyond the outlet end of the said 
egg-shaped casing. 
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