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UNITED STATES PATENT OFFICE 
2,252,256 

SOUND ATTENUATOR FOR AR IMPELLERS 

Eliot Huntington Harris, New York, N. Y. 
Application January 11, 1939, Serial No. 250,365 

(Cl. 181-48) 3 Cains. 

My invention relates to a device for attenuat 
ing the Sounds incident to the rapid rotation of 
impellers in air. 
The device constituting the Subject matter of 

my invention although designed primarily for use 
in connection. With the standard types of impell 
erS or propellers utilized in aeronautics is adapt 
able for ventilating fans or for special types of 
impeller's or propellerS Such for instance as those 
of the enclosed blade and slotted disc types. 
My invention, briefly stated, resides in the dis 

position about the radial blades of an air or gas 
in pelier or propeller, in circumferential relation 
ship, of an annuloid enclosure, the inner boun 
daries of Which will be so disposed With respect 
to the rotating impeller blades as to prescribe or 
define a ZOne or port for intake and discharge of 
the air, partaking of the nature of a nOZZle, and 
which for the sake of brevity will be hereinafter 
referred to as a nozzle. 
The said annuloid enclosure comprises two or 

more chambers with access to the space circum 
scribed by the nozzle through an aperture or se 
ries of apertures through which may pass the gas 
or air, as Well as the Sound Waves created by the 
action of the impeller. These chambers Will have 
Such construction and relation one to the other 
as Will Serve to attenuate those Sounds Whose 
amplitude it is desirable to reduce. 
The primary object of my invention is to re 

duce the Volume Of those dominant Sounds Cre 
ated by the action of a rotating impeller in a 
field of gas or air, thereby reducing the facility 
with which the presence of an airplane may be 
detected, and also to diminish the noise created 
aS stated, Within an airplane. 
By placing a nOZZle around an air impeller it is 

obvious that both Suction and discharge coeffi 
cients Will be improved. I have discovered that 
by use of a properly designed nozzle, with all 
other conditions maintained, the quantity of air 
displaced will be increased, or, as a corollary, the 
thrust of the impeller Will be Substantially in 
creased to an extent Sufficient to compensate for 
the additional Weight When the nozzle is applied 
to an aircraft. While the employment merely of 
a nozzle will eliminate certain Sounds resulting 
from the Sudden and impulsive change of direc 
tion in the air Sucked into the impeller stream, 
the diminution thus obtained in the volume of 
Sound is not Sufficient to accomplish the object 
of my invention. Since two sounds of equal Wol 
ume do not together produce a Volume of nearly 
twice the magnitude of one of these sounds, it 
Will be seen that the elimination of a Sound of 
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minor magnitude will result in only a slight re 
duction of the total volume of sound. It should 
be further explained that studies of the Sound 
produced by a fast moving propeller in air show 
that the Sound consists of a series of sounds of 
independent frequencies as Well as many har 
monics of the fundamentals. Thus frequencies 
from approximately 180 to 12,000 per second have 
been located when examining a propeller from a 
near-by location. Examined from a distance 
where no reflecting objects, such as ground con 
tour, may interfere, there will be found certain 
dominant frequencies, F, that, in most instances, 
are a function of the number of blades in the 
propeller and of the Speed of its rotation, the 
flexure vibrations which may be computed from 
the physical design of the blades and shaft, as 
Well as those indefinite frequencies associated 
with the shedding of eddies from the blades. My 
device Will attenuate these dominant sounds. 

In the accompanying drawings, illustrating dif 
ferent embodiments of my invention: 

Fig. 1 ShoWs, in front elevation, a nozzle cir 
cumscribed about a rotating impeller with part 
of the inner, directing surface removed to better 
show the inner chambers and particularly the 
radial Walls, embodying my invention; 

Fig. 2 is a croSS Section taken on the line 2-2 
of Fig. 1 and shows the circumferential annuloid 
enclosure as being divided at any cross section 
into One impedance chamber and one resonator 
chamber, the direction of air flow being indicated 
by the Series of arrows, the air approaching the 
device at its leading edge and passing beyond the 
device at its trailing edge; 

Fig. 3 shows an embodiment of my invention 
Wherein at any cross section are employed two 
impedance chambers and two resonating cham 
berS Within a nozzle placed circumferentially 
about a rotating impeller; 

Fig. 4 shows a propeller with a circumferen 
tial nozzle, and at the cross section illustrated, 
one impedance and tWo resonating chambers, the 
nozzle face forming One enclosing Wall. 
Proceeding now to a more detailed description 

of my invention and referring to Fig. 1 and Fig. 
2 of the drawings, the numeral denotes a noz 
zle provided With an interior directing surface 
shown in croSS Section at 2, shown as partly cut 
aWay in Fig. 1, Which is placed about the pe 
riphery of the circle described by the propeller 
3 in rotation on the shaft 4. In the cross sec 
tional view of the nozzle Fig. 2, there is shown 
an Outer enclosing imperforate wall of the nozzle 
Which is indicated by the numeral 5. The annu 



2 
loid created by the enclosing surfaces 2 and 5 has 
its axis coincident With the axis of the propellel 
shaft 3. Within the annuloid there is shown a 
dividing Wall 3 which separates the annuloid 
enclosure into the impedance chamber 6 and 
resonator chamber . In the directing Surface, 
indicated by the numeral 2, there are provided a 
Series of orifices 8, giving access to the chamber 
6. In the dividing Wall 0 there are Orifices 9 
giving access from the in pedance chamber 5 to 
the resonance chamber 1. The annuloid cham 
bers 5 and 7 may be increased in frequency by 
placing one or more limiting walls, indicated by 
the reference numeral 2 as shown, said Walls 2 
being approximately radial to the axis of the 
shaft 4 and inside the annuloid space enclosed by 
the Walls 2 and 5. 
In Figure 3 there is illustrated a nozzle Which 

is designated by the reference numeral ' which 
departs in the shape of the directing surface from 
that of the nozzle illustrated by FigS. 1 and 2, 
and in that the annuloid space between the Walls 
2 and 5’ has been further divided by a solid 
Wall ' and there are provided two sets of 
impedance chambers 6' and two sets of resonator 
chambers . The orifices 8' provided in the 
Wall 2' of the nozzle ’ are here arranged in 
tWO groups, one on the Suction side of the plane 
of propeller rotation and one on the discharge 
Side thereof. There are also two sets of orifices 
9 interconnecting the impedance chambers 6' 
and resonating chambers 7. 

Fig. 4 is similar to the construction of Fig. 3, 
except that the single impedance chamber 6' 
has access through two sets of orifices 9' to the 
two resonator chambers '' and only one series 
of apertures give communication from imped 
ance chamber 6'' to the source of noise. 
The proper design of my impedance and 

resonator chambers is dependent upon a large 
number of Variables. The calculus employed may 
easily become too involved for ready solution 
and there are also certain constants required 
Which must be empirically determined. I have 
therefore developed a series of ratios for the 
design which may be employed with good re 
Sults. 

It must be understood that for each change 
of impeller design, diameter and critical speed, 
a different design of my device will be required. 
There is, however, a considerable tolerance 
available in the design of the chambers due to 
the fact that impedance and resonance will be 
effective Owei' a fairly wide range of frequencies 
in any given orifice or chamber, and further 
more the nonharmonic relation will maintain 
between impedance and resonator chambers 
over any Small range of volutile Or shape change 
in such chambers. Furthermore the attenuat 
ing effect resulting from my piroposed arrange 
ment of chambers and their aSSOciated orifices 
is active over the full range of harmonicS and to 
a slightly lesser extent to the 5/4, 2/3 series of 
frequencies. 
The arrangement of chamber fo' my in 

wention as illustrated by Fig. 3 of the drawings 
Will be described below. The methods for cal 
culation of other types will be obvious to One 
skilled in the art. 
Impedance of orifice leading from a reservoir 

is given by E. J. Irons in the familiar formula: 

Z-92-(2 F), 
Where Z=impedance; as Velocity of Sound in 
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2,252,256 
medium; p=density of medium; W =volume of 
chamber; F=frequency; c=conductance. 
From this it will be seen that the impedance 

varies inversely with the volume and directly 
With the conductance. Therefore the impedance 
chanber should be Smaller than the resonator 
chamber and by calculation it may be estimated 
that the best results are obtained with ratios 
from 3.6:1 to 7.6:1. Although attenuators have 
been made With ratics of 1.6:1 there were spe 
cial features which Would not necessarily hold 
for this design. The actual Size and shape must 
be on an approximate ratio of tuned frequencies 
as will be later explained. 
An approximation may now be made of the 

natural frequency of the resonator chamber by 
the Standard formula: 

Where the Symbols are the same as above. Mul 
tiply the resulting frequency f by 1.15 to get an 
approximation cf the actual frequency for the 
chambers indicated by the drawings. The re 
Sult of this computation may be compared with 
the dominant frequency F to be attenuated. If 
the estimated frequency is too low, baffles may 
be designed to be placed approximately radially 
to the axis of the impeller and the volume of 
the chamber reduced, then another estimate 
inade. 
Another method of computing the factors in 

Wolved is to Consider One impedance chamber 
and its connecting resonator chamber as a 
coupled System. Then the natural frequency of 
the coupled System 

(ni-Eng) + V(i+ n) - Anixingxi 
2(1-K) 

Where m1 = the natural frequency of the impedance 
chamber, and K=coefficient of coupling. But 

Where M=the combined vibrating mass, m1=the 
maSS Within the impedance chamber and m2= 
the mass within the resonator chamber. The 
mass may be estimated by M=A p l, where A= 
area, p=density, l-length including end correc 
tion. End correction would be approximately 
0.29 times the diameter of equivalent cylinder. 
The density must be chosen for the atmospheric 
conditions considered. At one atmosphere pres 
Sure, 0° C. and no humidity, p may be assumed 
as 0.00129 in the C. G. S. system. The natural 
frequency of the resonator chamber m2, and the 
impedance chamber 7.1 may be computed by the 
formula; 

c 

2ny LC 
where I, the inertance, 

in 
All 

and C, the capacitance, 
A 

. 
Here k=elastic force of the conducting medium 
per unit displacement. The numerical value 
of k should also be corrected to the conditions 
at Which the attenuator will be employed. This 
may be done by the formula k=V?p, where W 
Velocity of Sound in the medium considered. At 
standard conditions k=14.1X 104 approximately, 
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It may also be noted that for a thin plate 
opening the value of A1 takes on the character 
of the radius as the inertance is Considered aS 
occurring in the orifice whereas A in the capaci 
tance formula is a function of the Volume and 
should be so computed. Integrals of these for 
mulae may be used when the shape of the cham 
bers is complex, as, for example, When a COm 
plete annuloid space is used as a single chamber. 
It will be found, however, that for all usual con 
ditions the chambers Will consist of an annuloid 
space divided by radially disposed Walls. 
When the frequency of the resonator chamber 

is estimated approximately to the frequency F, 
or 2XF, using the lowest value of the exponent 
possible, the pitch of one resonator chamber 
should be empirically tuned to the frequency F, 
or to a frequency of the Series noted above. 
When the above conditions are satisfied the Cor 
rect design has been attained. 
The frequency of the impedance chamber Will 

then be attained as follows: first, determine the 
logarithm of the frequency of the resonator 
chamber; second, find the logarithm of twice that 
number; then, to the logarithm of the first fre 
quency add one twelfth of the difference be 
tWeen the tWO logarithms found. The antil Og 
of this Will be the base frequency of the imped 
ance chamber. A frequency of 1/2 times this 
figure will be used to determine the approximate 
volume by the formula and tested until the 
Volume of the impedance chamber falls Within 
the ratio figures given previously. This may be 
done by use of the resonance formula, given above 
to obtain the approximate Volume when the exact 
design Will be obtained empirically. 
The ratio of the total area of openings, aper 

tures, slots or means of communication from the 
impedance chamber to the croSS Sectional area, 
of the nozzle at the Vena, contracta may be ap 
proximately 2:1. 

It should be kept in mind that when testing 
the natural frequency of a chamber that the 
openings in the Chamber Wall should be accord 
ing to their final location as these openings affect 
the frequency. 

It is to be understood that my invention is not 
to be regarded as being limited by any or all of 
the constructions herein illustrated and de 
Scribed, such illustrations and descriptions being 
merely for the purpose of showing how the prin 
ciples underlying my invention may be carried 
into practise. 
The particular curvature of the intake and 

discharge nozzle is no part of my invention. 
From some point either side of the plane of pro 
peller rotation the inner boundaries of the annu 
loid are divergent from the propeller axis. 
The materials employed in the construction 

may be any lightWeight material iending itself 
to thin Wall construction, such as steel or alum 
inun. Sheet Or Compressed asbestOS board or the 
like. Welded steel sheets have performed satis 
factorily in tests, 
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The Support for my device may be a simple 

frame attached to the structure supporting the 
prime mover, or my Whole device may be at 
tached to the impeller itself, all as Will be under 
stood by those skilled in the art without further 
disclosure. If the latter construction is em 
ployed, the lift of the rotating “cylinder' must, 
of course, be balanced and the yaW engendered 
thereby must be corrected by proper Vanes. 
Sound insulated Walls and other construction 
details are of course applicable but form no part 
of my invention. Neither does the Shape or de 
sign of the impeller become any part of this 
invention. 

I claim: 
1. A sound attenuator for air impellers con 

prising an annuloid having an outer imperforate 
Surface and an inner perforated Surface, Said 
surfaces joined together at the leading and trail 
ing edges, said inner Surface having the greater 
diameters of its annular form at its axial eX 
tremities, the lesser diameter occurring in the 
Central section of its axial length, Walls Within 
Said annuloid to divide same into impedance and 
resonance chambers, means for passage of sound 
WaVeS from exterior of Said annuloid into said 
impedance chambers, and orifices between said 
in pedance chanies and said resonator chall 
igers. 

2. An attenuator for the Sounds created by the 
rapid rotation of a propeller on its shaft, said 
attenuator comprising an annuloid whose axis 
Coincides With the axis of said shaft, said annu 
loid being formed by an outer imperforate Sur 
face and an inner Surface containing openings, 
the axial extremities of said inner Surface of the 
annuloid having greater diameter than the cen 
tral section of said inner surface, walls between 
the inner and outer surfaces of Said annuloid 
dividing the enclosure into a multiplicity of 
chamber groups, each group being composed of 
One impedance chamber and one associated res 
onator chamber and apertures in said inner Sur 
face for the passage of Sound waves from the 
exterior of Said annuloid into said impedance 
chanbei's. 

3. A Sonic attenuator for air impellers conn 
pirSing an annuloid formed by an outer imper 
forate and an inner perforate Surface, said inner 
Surface being divergent, from its central Section 
to its leading edge, said inner surface being di 
Vergent from its central section to its trailing 
edge, Walls Within said annuloid from and be 
tween said inner and outer surfaces dividing said 
annuloidal enclosure into a nultiplicity of in 
pedance and resonator chambers, means of con 
munication between each impedance chamber 
and the exterior of the annuloid through said 
inner perforate SUrface and orifices between said 
impedance chambers and their adjoining reso 
nator Surfaces. 

ETIOT HUNTINGTON HARRIS. 


