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UNITED STATES PATENT OFFICE. 
ERAF FERCY MAXIM, of FIARTFORD, CONNECTICUT. 

ExHAUST-SILENCER FOR ENGINES: 

To aii whom. it may contain, , , , 
Beit known that , ii. RAM, PERCY MAXIM, 

a citizen of the United States, residing in 
Hartford, in the State of Connecticut, have 
invented certain new and useful.Improve 
mei) is in Exhaist-Silencers for Engines, of 
which the following is a specification, refer 
ence being had to the accompanying draw 
ings, forming a part hereof. 
This inyention relates to the handling of '10. the exhaust of engines in which the pressure 

differential between the cylinder. and the 
atmosphere is so great that each exhaust 
puff or impulse produces an objectionable 

15 noise, particularly as in internal combustion 
engines of ordinary type, and has for its 

- object to reduce the noise of the exhaust 
and also to assist the clearing out of the 
dead gases after each explosion, in internal 

20 combustion engines. . . Various devices for 
muffling the exhaust of internal combustion 
and other engines have been devised and are 
in use, but all of such devices, so far as is 
known, create more or less back pressure, 
which exists not only at the time of the ex 
haust impulse but between the impulses 
also, thereby preventing the proper, clear 
ing out of the dead gases. It has also been 
proposed, among such devices, to use tur 

30 bines, driven by the exhaust itself, for the 
purpose of modifying the noise of explo 
sion, but in every case, so far as is known, 
the desirability, of augmenting the flow of 

25 

the exhaust between the explosion im 
35 pulses has been lost sight of altogether and 

it has been proposed to use only axial-flow 
turbines, which are incapable of operating 
to augment the exhaust between the im 
pulses, so that such turbine mufflers hereto. 

40 fore produced, offer at all times more or 
less resistance and therefore create more or 
less baek pressure. In accordance with the 
present invention, however, the same device 
which operates to silence the noise of ex 

45 plosion, operates also to augment the ex 
haust between the explosion impulses, the 
energy which is stored up in the silencing 
device by eachimpulse of explosion serving 
to operate the same device between theim. 

50 pulses to augment the exhaust. The par 
ticular form of device which is thus capable 
of performing this double function, not 
heretofore recognized as desirable or even 
possible, is a radial-flow turbine which is 

55 interposed in the exhaust and, being 

specification of Letters Patent, 

tical form and in which 
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independent of and unconnected with the 
engine shaft, and driven by the explosion 
inpulses, continues to rotate between the 
impulses by the kinetic energy stored there 
in without regard to the speed of the en. 
gine and, through centrifugal action, main 
tains the forward movement of the exhaust 
gases in the same direction as that in which 
they move to rotate the turbine. 
The invention will be more fully ex 

plained hereinafter with reference to the 
accompanying drawings in which it is illus 
trated as embodied in a convenient and prac 

Figure 1 is a view in elevation, showing 
a portion of an internal combustion engine 
of an ordinary type equipped with the in 
vention. Fig. 2 is a detail view, partly in 
longitudinal Section, showing an approved 
construction of the silenging devices. Fig. 3 
is a view in transverse section on the plane. 
indicated by the line 3-3 of Fig. 2. 

In the drawings there, is indicat 
so much of an internal combustion engine of 
ordinary form as is necessary to enable the 
invention to be understood. At any con 
venient point, but preferably, in reasonably 
close proximity to the engine cylinder or 
cylinders, there is connected to the exhaust 
pipe b, a silencer c which comprises, essen p s 
tially, one or more radial - flow turbine 
wheels d, unconnected with the engine shaft 
and mounted to rotate independently there 
of. The structure shown in the drawings 
has been devised with special reference to 

ed at a 
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economical manufacture, being made in sec- . . . 
tions which can be secured together readily 
in any desired number to suit the particular 
conditions of use. The silencing device 
shown is composed of an inlet section e, 9. 
a discharge Section f, and three identical in 
termediate sections g. The inlet section.e 
consists of a flanged ring e' and a head or 
cape” which is suitably formed to be joined 
to the exhaust pipe b. The discharge sec 
tion f comprises a plate f' which may be a 
part of a casting f which supports the bear 
ings for the shaft of the turbine wheels as 
hereinafter described, the plate 
secured the plate f having a central open 
ing f. The chamber which is thus formed 
between the plate f' and the plate f is pro 
vided with a suitable outlet f°. Each of the 

f' being . 
formed with a flange f to which may be 

intermediate sections g. comprises a plate 110 
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or wall a’ which may be transverse with g 

- G 
wheels d, d, d. The first wheel d and the the high pressure impulse. 

5 

i rangement, although they are preferably 
20 

and blades d', the plated being in this case. 
25 provided with a webbed hubd by which 

30 

respect to the shaft and have a central open 
ing 9 and a flange g. -- 
are so formed as to be capable of being Se 

drawings. , 
The standard f', which supports the end 

plate f, is provided with suitable bearings 
h, h in which is mounted a shaft h which 
carries the radial-flow turbine wheel or 

last wheel d', if two or more wheels are re 
quired, are preferably specially formed, as 
shown, while the intermediate wheels d are 
formed alike. The first wheel d. comprises a 
flanged body or drum d, a web d and 
blades d', which are generally radial in ar 

curved somewhat as shown. A conical cap 
d°, secured to the drum d, directs, the in coming gases outward toward and between 
the blades di. The wheel. d is in general. 
similarly formed, with a drum or body di 

this wheel and the others carried by it are 
mounted upon the shaft h’. 
intermediate wheels g’ likewise comprises a 
drum or body, d, a web or plate d' and 
blades d. The several wheels are so formed 
that they can be bolted together readily in 
any, required number. As will be noted the 
plate or web d of each wheel except the last 
preferably stands about midway in the cham 

35 

40 

the next turbine wheel. 

45 

ber in which it is located, and its outside. 
diameter is less than that of such chamber, 
so that the exhaust gases which have passed 
between the blades of each wheel may then 
pass over the periphery of the web or plate 
d, to the opening g’ of the next dividing 
wall g’ in proper relation to the blades d' of 

It has been stated above that the turbine 
wheels are practically identical, but it will 
be understood that in affixing the spirally 
curved blades to each wheel, the blades of 

50 

eration of the silencer the exhaust gases. 
passing between the blades or vanes of the 55 

and as the wheels are comparatively heavy. 
they acquire considerable momentum so that 

60 

each successive wheel preferably have a 
greater, pitch than those of the preceding 
wheel so that each wheel shall have the same 

in the velocity of the exhaust gases at suc 
ceeding wheels. - 

It will now be understood that in the op 

turbine wheels, cause such wheels to rotate 

their rotation is continued at a high speed 
the speed of the engine. The energy of the 
exhaust gases, at each impulse, is absorbed to a considerable degree in rotating the 
wheels so that such gases eventually issue 

All of these parts 

cured together readily as indicated in the 

Each of the 

rotative effect notwithstanding the reduction 

between exhaust impulses without regard to 

from the muffler with greatly reduced pres 
sure and velocity, thereby eliminating largely 
the noise of explosion. Furthermore, the 
centrifugal action of the rapidly rotating 
wheels upon the gases not only causes the 
gases to be discharged at the peripheries of 70 
the wheels but, between the impulses, it tends 
to create a partial vacuum between the en 
gine and the silencer and therefore augments 
or accelerates the exhaustion of the dead 
gases from the cylinder after the passage of 

It Will be understood that the invention is 
not limited to the precise form and details 
of construction shown in the drawings, but 
that the same may be changed to suit differ 
ent conditions of use. . . . 

... I claim as my invention: 
1. An exhaust silencer adapted for use 

with gas engines, and so forth comprising a 
cylindrical shell built up of units each com 
prising a flange and a substantially trans 
verse partition plate provided with a central 
opening and forming a series of chambers 
within said shell, a built-up radial flow tur 
bine coöperating with said casing and com 
prising a series of units each comprising a 
central drum, an attached radial web and 
spiral turbine blades coöperating with one of 
the partition plates in each of said chambers 
and leaving free the circumferential portion 
of said chamber in communication through 
the central opening in the opposite partition 
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plate with the succeeding chamber, a connec 
said casing adjacent the central portion 
thereof and a conical cap in the path of said 
gases to spread and direct them through the 
blades of the first turbine of said series. 

2. An exhaust silencer adapted for use 
with gas engines and so forth. comprising a 
cylindrical shell built up of units each com 

tion to admit exhaust gases to one end of 00 

05 

prising a flange and a substantially trans 
verse partition plate provided with a central 
opening, and forming a series of chambers 
within said shell, a built-up radial flow tur 
bine coöperating with said casing and com 

attached radial web and spiral turbine blades 
coöperating with one of the partition plates 
in each of said chambers and leaving free 
the circumferential portion of said chamber 
in communication through the central open 
ing in the opposite partition plate with the 
succeeding chamber, a connection to admit 
exhaust gases to one end of said casing. 

3. An exhaust silencer adapted for use 
with gas engines and so forth comprising 
a shell built up of units each comprising a 
flange and a Substantially transverse parti 
tion plate provided with a central opening, 
and forming a series of chambers within 
said shell, a built-up radial flow turbine co 
operating with said casing and comprising 

10 

prising a series of units each comprising an 

115 
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shell built up of units, each comprising a 

: operating with said casing and comprising 

with the succeeding chamber. 
2. : 

said chamber in communication through the 
plate with the succeeding chamber. 

is tached radial Web and turbine blades leay 
ing free the circumferential portion of said 
chamber in communication through the cen 

1,i15,858. 
a series of units each comprising an at 
tached radial web and spiral turbine blades 
leaving free the circumferential portion of 
central opening in the opposite partition 

4. An exhaust silencer adapted for use 
with gas engines, and so forth comprising a 
flange and a partition plate provided with a 
central opening, and forming a series of 
chambers. within said shell, a turbine co 
a series of units each comprising: an at 

tral opening in the opposite partition plate 
5. An exhaust silencer adapted for use. 

with gas engines and so forth comprising: 
a cylindrical shell comprising flanges and 
substantially transverse partition plates 
each provided with a central opening and 
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cylindrical shell comprising flanges and sub 

45 

one of the partition plates in each of said 
- 50 

said casing and comprising a central drum, 

the succeeding chamber, a connection to ad 
is mit exhaust gases to one end of said casing 

. . . adjacent the central portion thereof and a . conical cap in the path of said gases to 
spread and direct them, through the blades 

provided with a central opening and form 
ing a series, of chambers within said shell, a 
radial flow turbine coöperating with said 
casing and comprising attached radial webs 

tial portion of said chamber in communica 

forming a series of chambers within said 
shell, a radial flow turbine coöperating with 
attached radial webs and spiral turbine 
blades coöperating with one of the parti 
tion plates in each of said chambers and 
leaving free the circumferential portion of 
said chamber in communication through the central opening in the opposite plate with 

of the first turbine of said series. . . 
6. An exhaust silencer adapted for use 

with gas engines and so forth comprising a 
stantially transverse partition plates, each 

and spiral turbine blades coöperating with 
chambers and leaving free the circumferen 
tion through the central opening in the op-. 
posite partition plate with the succeeding 
chamber, a connection to admit exhaust 55 

... with gas engines and so forth comprising a 

80 

gases to one end of said casing. 
7. An exhaust silencer adapted for use 

shell comprising flanges and substantially 
transverse partition plates each provided 
with a central opening and forming a se 

...ries of chambers within said shell, a radial 

65 

flow turbine coöperating with said casiri 
leaving free the circumferential portion of 
said chamber in communication through the 

central opening in the opposite partition 
plate with the succeeding chamber. . 

8. An exhaust silencer adapted for use 
With gas engines and so forth comprising a 
shell comprising partition plates each pro 
vided with a central opening and forming 
a series of chambers within said shell, a 
turbine coöperating with said casing to be 
substantially coaxial with said openings and 
comprising turbine blades and leaving free 
a portion of some of said chambers in com 
munication through the central opening in 

plate with the suc the opposite partition 
ceeding chamber. 

9. An exhaust silencer adapted for use 
with gas engines and so forth comprising a 
shell comprising substantially transverse 
partition plates each provided with a cen 
tral opening and forming a series of cham 
bers within said shell, a radial flow turbine 
coöperating with said casing and compris 
ing spiral turbine blades and leaving free 
the circumferential portion of each of said 
chambers in communication through the central opening in the opposite partition is 
plate with the succeeding chamber, said 
blades having an increasingly greater pitch 
in the successive chambers through which the exhaust passes. 

10. An exhaust silencer adapted for use 
With gas engines and so forth comprising a cylindrical shell provided with substantially 
transverse partition plates provided with 
central openings to form a series of cham 
bers in said shell, a rotating drum mounted 

and then radially inward on the other side of said web and through the central opening 

within said shell and having webs extend 
ing within each of said chambers and leav 
ing free the circumferential portions of said 

, chambers to direct the exhaust material out 
Ward through each chamber around the web 

8 

to 

75 
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to the succeeding chamber and a series of 
spiral curved vanes on each of said webs . . 
forming narrow spiral channels through. 
which the exhaust passes in its radial pas 10 

Sages, said vanes having an increasingly. 
greater pitch in the successive chambers 
through which the exhaust passes. 

11... An exhaust silencer adapted for tise with gas engines and so forth comprising a 15 shell provided with partition plates pro 
vided with central openings to form a se 
lies of chambers in said shell, a drum mount- . . 
ed Within said shell and having webs ex 
tending within each of said: chambers and 120 
leaving free the circumferential portions of . 
said chambers to direct the exhaust material 
outward through each chamber around the 
Web and then radially inward on the other. 
side of: said web and through the central 

... -- s o ing opening to the succeeding chamber and a se - and comprising spiral turbine blades and ries of spiral curved vanes on each of said webs forming narrow spiral 
through which the exhaust passes in its 

Y . 
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channels, 
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radial passages, said vanes having an in 
creasingly greater pitch in the successive 
chambers through which the exhaust E. 

O 12. An exhaust silencer adapted for use 
with gas engines and so forth comprising a 
shell provided with partition plates provided 
with central openings to form a series of 

0 

5 
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chambers in said shell, a drum mounted 
within said shell and having webs extending 
within each of said chambers and leaving 
free portions of said chambers to direct the 
exhaust material outward through each 
chamber around the web and then radially 
inward on the other side of said web and 
through the central opening to the succeed 
ing chamber and a series of spiral cirved 
vanes on each of said webs forming narrow 
spiral channels through which the exhaust 
passes in its radial passages. 

13. An exhaust silencer adapted for use 
with gas engines and so forth comprising a . 
shell provided with partition plates pro 
vided with central openings to form a series 
of chambers in said shell, webs extending 

25 
exhaust material outward through 
chamber around the web and then radially 

30 

35 

form a series of chambers in said shell, 
40 

within each of said chambers and leaving 
free portions of said chambers to direct the 

each 

inward on the other side of said web and 
through the central opening to the succeed 
ing chamber and a series of spiral curved 
vanes forming narrow... spiral channels. 

passes in its through which the exhaust. 
radial passages. 

a shell provided with partition plates to 

webs extending into said chambers to direct 
the exhaust material outward through said 
chambers around the webs and then radially 
inward through central openings provided 
in said partition plates into the succeeding 
chambers and curved vanes in said chambers 
forming narrow channels through which the 
exhaust is guided in passing successively 
through a series of said chambers. 

15. An exhaust silencer adapted for use 
with gas engines and so forth comprising a 
shell provided with partitions to form ase 
ries of chambers in said shell, and curved 
vanes in Said chambers... forming narrow 
channels through which the exhaust is 
guided in passing Successively through a se 

14. An exhaust silencer adapted for use 
with gas engines and so forth comprising 

of said chambers. . . . . . 
This specification signed and witnessed 

3. 2, ii. 5,358 

ries of said chambers, the outer portions of 
said chambers being left free to allow circu 
lation of the exhaust around the same. 

16. An exhaust. silencer adapted for use 
with gas engines and so forth comprising a 
shell provided with partitions to form a 
longitudinal series of communicating cham 
bers in said shell, webs and curved vanes 

ferential portions thereof in which to allow 
circulation of exhaust material, to thereby 
direct the exhaust material outward through 
each of said chambers around the web and 

vided in said partitions into the succeeding 
chambers, and effect its passage through 

17. An exhaust silencer adapted for use 
with gas engines and so forth comprising a 
shell provided with partitions to form a se 
ries of communicating chambers in said 
shell, webs and vanes forming narrow gas 
channels extending into said chambers and 
leaving free the circumferential portions 

ings provided in Said partitions into the suc 
ceeding chambers and effect its passage 
through a series of said chambers. 
with gas engines and so forth comprising a 

the circumferential portions thereof in 

rect the exhaust material through each of 
said chambers around said webs and parti 
tions in passing successively through a series 

this 21st day of November, A. D., 1910. 

Signed in the presence of -. 
R. R. SEYMoUR, . . . 
S. R. OsBORN. . 

forming narrow gas channels extending into 
said chambers and leaving free the circum 

said channels in passing successively through 
a series of said chambers. . . . . 

through said channels in passing successively 

which to allow circulation of exhaust ma-. 
terial around the inside of said shell, to di 

HIRAM PERCY MAXIM. 
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then inward through central openings pro 
70 

75 

'80. 
thereof in which to allow circulation of ex-. 
haust material, to thereby direct the exhaust 
material... outward through each of said. 
chambers and then inward through open- . 

85. 

18. An exhaust silencer adapted for use. 
90 

shell provided with partitions to form ase 
ries of communicating chambers in said. 
shell, webs and vanes forming channels ex-. 
tending into said chambers and leaving free 
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