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The present improvement relates to devices 
which are generally known as silencers, but 
in its broad aspect the invention appertains 
to devices for damping pulsations « of gas 

5 pressure and of gas velocity and the like 

10 conducting or conveying of gases. 

whether of audible or inaudible frequency. 
In its main purpose, the invention aims at 

Smoothing out the fluctuation ingas pressure, 
incident to pumping, exhausting, releasing, 

• M In some 

cases these pulsations may be of a character 
which is audible, such as in the exhaust of 
internal combustion engines, intake of air 
compressors and the like, and in these in 

15 stances the device will serve principally as a 
silencer. In other cases, the pulsations may 
be inaudible but would unfavorably affect 
the action of illuminating flames, measurin 
instruments and other devices which º 

20 upon a relativelysteady pressure for their ac 
tion. In such cases, the function of the de 
vice as a pressure steadying means becomes : 
paramount The improved construction of 
the device in its preferred formis such as to 

25 accomplish the purposes stated, while offer 
ing a very low resistance to any gas flow that 
may occur. M 

This invention aims at the accomplishment 
of its purpose by utilizing first the attenua 

30 tion caused by the scrubbing action which 

35 

takes place ator near the bounding surfaces 
of a passageway when a longitudinal oscilla 
tory motion of gastakes place therein due to 
the travel of a pressure wave therethrough ; 
and second the further attenuation of the en 
ergy in the advancing wave front, which will 

, result from the arranging of a series of shal 

40 

45 

50 

low passageways alternately with larger ex 
pansion chambers of such capacity and design 
that only a small proportion of the energy 
in a wave front emerging from a passageway 
into the expansion chamber may immediately 
find an outlet into a succeeding passageway. 
As concerns the scrubbing action men 

tioned, this may be ascribed to the greater 
viscosity of the air orgas at the bounding 
surfaces of the passageway whereby the 
molecules of gasin oscillatory motion consti 
tuting a wave front are more retarded adja 
cent the bounding surfaces than elsewhere 

in the passageway. Obviously the more 
often all portions of an advancing wave 
front come in contact with the bounding 
surfaces of the passageway and this region of high viscosity, the greater will be 
the effect of the aforesaid scrubbing action. 
On this account, we propose the use of a long, 
shallow passageway of such dimensions that 
the depth shall be very smallas compared with 
its length, -say in the order of one to five 
hundred. In some cases this depth may be 
assmall as twenty thousandths of an inch. 
The effect of such a shallow passageway is 
greatly increased by making it ever changing 
in direction such as in the form of a spiral 
passageway. This increased effect of curv 
ing the passageway may be taken advantage 
of either by actually realizing the added at 
tenuaton which it gives, or by retaining the 
same degree of attenuation and correspond 
ingly shortening the passage. Such a single 
passageway would, of course, handle a rela 
tively small volume of gas unless of extended 
width, but capacity for larger volumes may 
be provided by a plurality of passages in su 
perposed relation as hereinafter to be de 
scribed. 
Having in mind the considerations hereto 

fore mentioned, a complete understanding of 
- the invention and its attendant advantages 
will be had from the following detailed de 
scription takenin connection with the accom 
panying drawings, in which : 

Fig. 1 is a longitudinal section of a com 
plete silencer; 
: Fig. 2 is a transverse section of the same ; 
Fig. 3 is an enlarged fragmentary detail 

showing a section of a sheet and means for 
attaching a spacer thereto; 
Fig. 4is a slightly modified form of silencer 

partly in elevation and partly in section 
showing a suitable application of the same 
to a small outboard motor; 
Fig. 5 is a cross section along line 5–5 of Fig. 4; 
Fig. 6 is a cross section similar to Fig. 5 

showing a further modification; and 
Fig. 7is a stillfurthermodification shown 

in a similar sectional view. 
Referring more particularly to Fig. 1 of 
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the drawings, the silencer as a whole com 
prises a cylindrical casing designated gener 
ally by the numeral 1 and headers 2 and 3 
abutting the opposite ends of said casing, to 
gether with longitudinal tie bolts 4 for se 
curing said headers and casing together. 
One of said headers, such as 3, may be pro 
vided with an inlet 4 which may have suit 
able connections (not shown) to the exhaust 
of an explosive engine or the like. The in 
let 14 opens into a comparatively large in 
terior chamber 5, enclosed by the cylindrical 
casing and its headers, which is designed 
to serve as the usual expansion chamber for 
the silencer. The outlet from the silencer is, 
in the present embodiment, through a plu 
rality of angularly spaced openings or slots 
around the exterior of the casing which will 
laterbe more particularly described. If de 
sirable, a single outlet through or into an 
exhaust pipe may be provided by a surround 
ing shell (not shown) spaced around the out 
side of the casing 1, closed againstone of the 
headers and connected at its unclosed end 
with an outlet pipe in the usual manner. 
In the embodiment of the invention illus 

trated in Figs. 1 and 2, we have shown, in ad 
dition to the casing 1, a similar casing 1° of 
Smaller diameter nested within the larger 
*casing 1 and in a similar manner abutting 
against the headers 2 and 3. The two cas 
ings 1 and 1º are of like construction except 
for their diameters and are spaced from one 
another, as shown, by a distance considerably 
larger than the spacing between the sheets 
of each casing to afford an intermediate ex 
pansion chamber 5° in series with the inner 
chamber 5 which greatly assists in the at 
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tenuation and subdivision of the sound 
waves due to absence of immediate outlet 
and consequent run around effect in the 
chamber. The silencing or dampening ef 
fectis found to be greatly multiplied by the 
use of a series of silencing units of the gen 
eral nature described arranged alternately 
with expansion chambers as shown. 
The particular construction and method of 

assembly of the casings such as 1 and 1° will 
nowbe described. Referring to Fig. 2, it 
will be observed that each cylindrical casing 
is made up of a plurality of superposed 
spirallywound sheets designated individual 
ly by the numeral 6. The several sheets of 
any one casing may be of identically the 
same dimensions and degree of spiral curva 
ture and may be preforated for the reception 
of radial tie bolts at corresponding places 
therein; all of which characteristics, while 
not essential to the invention, are extremely 
desirable foreconomy ofproduction and sim 
plicity of assembly. » 

It will be observed that in the form of 
the invention shown in Figs. 1 and 2, each 
casing is made up ofeight superposed sheets 
6 and that said sheets are angularly dis 

1,782,943 

placed from one another around the cir 
cumference of the casing at equal distances 
apart, whereby their inner ends as well as 
their outer ends are in overlapping relation. 
The sheets are radially spaced apart by 
spacers such as 7`which are fixed to perfo 
rations 8 in each sheet. Radially disposed tie 
bolts 9 extend through the perforations of 

70 

the several sheets for securing the same to 
gether and said tie bolts are preferably lo 
cated adjacent both the inner and outer ends 
of each sheet. The radial spacing of the 
several sheets provides a plurality of pas 
sages arrangedin paralleland leading spiral 
ly from the interior to the exterior of sald 
casing and the angular spacing or overlap 
ping of the ends of the several sheets pro 
vides a plurality of circumferentially spaced 
inlets and outlets for said passages. The ex pression "passages arranged in , parallel'' 
means that Said passages are Soarranged that 
the sound waves and gases in traveling from 
the interior to the exterior of the casing sub 
divide and flow simultaneously side by side 
in the separate passages as distinguished 
from flowing through passages consecutively 
as would be the casein a series arrangement. 
Such a subdivision breaks up the energy of 
each wave into small bits without material 
ly reducing the volumetric capacity of the 
silencer in handling the flow of gas. As a 
refinement in construction, the inner ends 
as well as the outer ends of each sheet mak 
ing up the casing are preferably bent out 
wardly into flaring formation so as to pre 
vent possible vibrations of said free unsup 
ported ends by the rushing of gases there 
against or therefrom when entering or 
emerging from the spiral passages. The 

: number of separate sheets making up the 
\casing may be more or less than eight as 
shown and the spiral length of the individual 
sheets 6 may be greater or less than the 
angular distance of 360° as shown. In this 
embodiment, each sheet has its inner end 
fastened to the same tie bolt as its outer end, 
but this is a mere matter of optional design. 

Tofacilitate the assembly of the sheets into a casing, the spacers 7, which may be ofeye 
let construction as shown in Fig. 3, are fixed 
to the sheets at the several perforations there 
of and preferably prior to the superposing of 
the sheets. Then when the several sheets are 
assembled in their proper circumferentially 
spaced relation to bring the perforations 8 
into register, the tie bolts 9 may be easily 
threaded therethrough and fastened thereto 
by a nut or upset end for securing the as 
semblyinto a structural unitor casing. 
Animportant feature of the casing design 

is that of having the radial spaces between 
the several sheets relatively small whereby 
the spiral passages provided are of very small 
cross sectional area ordepth as compared 
with their length or breadth. In the particu 
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lar embodiment illustrated, in which the ra 
dius of curvature of the plates israther small, 
the proportion of the depth to the length of 
the passages may be approximately one to 
twohundred, and the spacing between the 
walls of the passages of the order of one 
fiftieth of an inch. With larger units, the 
depth of the passages will of course be in 
creased, as the volume of gas to be passed is 
greater, and the ratio of depth to length 
varied with the curvature and the degree of 
silencing action desired. In any case, how 

rever, the length of the passage is kept long 
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with respect toits depth. This greatly as 
sists in the rapid dissipation of the pulsating 
waves in the manner heretofore stated. The 
provision of a plurality of such thin passages 
acting in substantial parallelism gives the 
silencer the required capacity with a mini 
mum of back pressure. 
In operation, the exhaust gases entering the 

silencerthrough the inlet 4 are received in the 
expansion chamber 5 which acts as a cushion 
for Smoothing out the heavygas impulses and 
permits the gases to escape through the sev 
eral spiral passages in substantially steady 
streams at decreased velocity. The sound 
waves which escape from the expansion cham 
ber are but small fractions of the original 
waves received therein, since relatively small 
subdivisions thereof can enter the thin inlets 
to the spiral passages and these small frac 
tions are further diminished in intensity by 
their travel through the spiral passages so 
that when they finally emerge from the out 
lets they have insufficient energy to be audi 
ble. Upon leaving the passageways of the 
first casing, each of said waves is further ex 
panded and attenuated before a small portion 
ofit findsan entrance to the passages of the 
second casing where the action in the first cas ingis repeated. 

It will be understood that the multiple 
stage effect provided by an intermediate ex 
pansion chamber between annularly nested 
casings may also be secured in otherways, as 
for instance by having casings such as 1 ar 
ranged end to end and spaced from one an 
other within a surrounding shell. 
A successiful application of the principlein 

volved in the present invention has been 
found in connection with a silencer for a 
small out board motor wherein lightness, 
compactness and a high degree of efficiency 
in silencing are required. Such a specific 
application is illustrated in the embodiment 
shownin Figs. 4 and 5 of the drawings. Re 
ferring thereto, the silenceris composed of an 
outer casing 15 and inner casing 16 nested 
within the outer casing and preferably sup 
ported therefrom in spaced º by radial 
tie bolts 17 and 18. The casings 15 and, 16 
are likewise closed at their endsby supporting 
brackets 18 and 19, each of which has formed 
therethrough, as shown at the rightin Fig. 4, 

3 

an inlet passage 20 communicating with the 
interior of casing 16. The assembly of the 
casings 15 and 16 and brackets 18 and 19is 
held by a longitudinal tie bolt 21 extending 
axially through the same and having nuts 22 
and 23 ateach end thereof. It will be under 
stood that the brackets 18 and 19 extend from 
the frame of the outboard motor (not shown) 
and that the passages 20, one in each bracket, 
communicate with the exhaust of diametri 
cally opposed cylinders of such a motor. 
Generally the cylinders of such a motor have 
their explosions timed so as to take place to 
gether and therefore the exhaust gases and 
sound will rush simultaneously into opposite 
ends of the silencer. It thus bºº }{1000S 
sary to provide a silencer of extremely effi 
cient type for the satisfactory silencing of 
such a motor. 

, The casings 16 and 15 comprising the si 
lencer are in a general way similar to those 
already described in connection with Figs. 
1 and 2 except that each casing is formed of 
a fewer ºr of spiral sheets (in the pres 
ent instance only three) and the angular 
length of each spiral sheet is considerably 
shorter than in Figs. 1 and 2. It will be un 
derstood that the space between the sheets 
or depth of the spiral passageway indicated 
at d' in Fig. 5 is very much smaller propor 
tionately to the length or breadth of the pas 
sage than would be inferred from the draw 
ing. The actual depth of this passageway 
for a silencer of the type shown may be as 
Smallas one-fiftieth of an inch, but since such 
a small size could not beadequately shown 
by drawings, the dimension dhas been ex 
aggerated in the figure. Since this d' dimen 
sion issovery small, the spiral sheets 24 mak 
ing up the casing might in some cases actual 
ly come in contact with one another through 
out their width and effectively shut off the 
passage between the same. To overcome this 
possibility, each sheet 24 may be formed as 
shown with projecting nubbins 25 arranged 
in a circularrow around that part of each 
sheet which unlerlies the adjacent sheet. 
Two or three rows of such nubbins for each 
sheet may be sufficient. Of course, such nub 
bins may be arranged on the sheets in what 
ever location is desirable for insuring the 
separation of the sheets. 
. Further modifications of the silencer are 
illustrated by the sectional views Figs. 6 and 
7. Referring to Fig. 6, it will be seen that 
each silencing unit, instead of being made 
up of a plurality of superposed sheets as 
in the previously described forms, is made up 
of a single spiral sheet coiled uponitselfin 
such a manner as to provide a very shallow 
long passageway between its convolutions. 
The sheet making up the outer silencing unit 
is indicated at 34 and the passageway there 
between at 35. The sheet making up the in 
ner unit is indicated at 36 and the passage 
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way therebetween at 37. The two units are 
held in assembled spaced relation by the 
radial tie bolts 17° whereby an intermediate 
expansion chamber 38 is provided. It will 
be understood that the other features of this 
form of silencer may be the same as illustrat 
ed in Figs. 4 and 5. 

Referring to Fig. 7, in the modifieation 
here shown, two silencing units are held in 
an assembled spaced relation in the manner 
heretofore described by means of tie bolts 
17° to provide an intermediate expansion 
chamber 39. The inner unit indicated at 
16° is the same in character as that in Figs. 
4 and 5. The outer silencing unit, however, 
has an arrangement of superposed sheets 
whereby a plurality of parallel passageways 
are provided with theirinlets and outlets ad 
jacent one another. This arrangement is 
obtained by employing one comparatively 
long spiralsheet 40 and interposing between 
the overlapped portions thereof a plurality 
of spaced parallel shorter sheets 41, the 
spaced relation between said superposed 
sheets being maintained by the radial tie 
bolt 17° and supplemental tie bolt 42. Sev 
eral passages between the sheets 40 and 41 
are thus formed having the requisite length 
and comparativelynarrow depth for the pur 
poses of the invention. Nubbins 25 may also 
be employed as shown to insure the separa 
tion of the sheets. 
When of approximately equal dimensions, 

the form of silencer shown in Fig. 7 will be 
about equal in performance to that of the 
form shown in Fig. 5, the main difference 
being in the arrangement ofinlet and outlet 
passages, in one case allatone point and in 
the other at separated points. The form of 
silencer in Fig. 6, however, will have a less 
capacity forgas volume but will have a cor 
respondingly greater silencing effect due to 
the greaterlength ofits spiral passages than 
in the otherforms. . «) Various other modifications and arrange 
ments of parts than those shown may, of 
course, be made within the scope of the in 
vention as hereinafter claimed. 
What we claim is: M 
1. A silencer comprising a plurality of 

passages arranged in paralleland having 
a combined cross-sectional area sufficient to 
pass without appreciable back pressure the 
gas flowing through the silencer, each pas 
sage being of substantialy uniform cross 
sectional area throughout its length, and be 
ing of sufficient length and of sufficiently 
Small depth so that the marginal, layers of 
gas which are viscous to high frequency 
sound waves will form a large part of the 
volume of the passage. 

2. A silencer comprising a plurality of 
passages arranged in parallel and having 
a combined volume sufficient to pass with 
out appreciable back pressure the gas flow 
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ing through the silencer, each passage being 
of the order of one-fiftieth of an inch in 
depth and having a length at least two hun 
dred times the depth. 

3. A silencer comprising a central cham 
ber and a plurality of passages opening from 
the chamber and arranged in overlapping 
spirals thereabout, each passage being of a 
uniform depth small in proportion to its 
length. 

4. A silencer comprising a central cham 
ber and a plurality of passages opening 
from the chamber and arranged in over 
lapping spirals thereabout, each passage hav 
ing a substantially uniform depth of the 
order of one-fiftieth of an inch and a length 
at least two hundred times the depth. 

5. A silencer comprising a plurality of 
sheet metal strips Wound spirally in spaced 
overlapping relation to provide a plurality 
of passages arranged in parallel and lead 
ing from the inside to the outside of the 
composite structure formed by the strips, 
the ends of the strips being progressively 
and circumferentiallyoffset from each other, 
and means for holding the sheets uniformly 
spaced throughout their lengths. 

6. A silencer comprising a pair of head 
ers, a plurality of sheet metal strips wound 
spirally in spaced overlapping relation be 
tween the header, so as to provide a plural 
ity of passages arrangedin parallel and : 
leading from a chamber enclosed between 
the headers and the inner ends of the strips 
into points circumferentially spaced about 
the outside of the structure, and means for 
holding the sheets uniformlyspaced through 
out their length. w 

7. A silencer comprising a central cham 
ber, a : ofpassages arrangedin over 
: spirals about said chamber, the pas sages being of a uniform depth small in 
: to their length, an annular cham er substantially concentric with the first 
chamber and connected therewith by said 
passages, and a second group of annular 
passages arranged in overlapping spirals 
about said second chamber, the passages of 
saud second series being also of a uniform 
depth small in proportion to their length. 
In testimony whereof we have affixed our 

signatures. 
HIRAMPERCYMAXIM. 
ROLAND B. BOURNE. 
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