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SUMMARY

The problems sasocleted with propeller nolse and with the deslign
of propellers that are less nolgy then those conventionally used are
bresented. Three aspects of these problems ere discussed: acousticel,
aerodynamic, and structural.

Some of the factors which mist be considered in the dealgn of a
quiet propeller are outlined. Indlications are that the noise problem
will not be eliminated until the rotationsl noise level is reduced
below the vortex level of the propeller. Thls willl require a reductlon
of the rotational speed to about one-half of that of present-day
propellers.

INTRODICTION

This paper gives a brief review of recent work done on airplane
nolse by the NACA and discusses soms of the problems encountered in
the design of quieter propellers. These problems are discussed under
three categoriea: acoustical, aerodynamic, end structural.

The acoustical requirements for a quist propeller indicate the
necessity for a substantial reduction in tip and rotational speed and
an Increase in the number of blades. The aerodynamic requilrements
are that the propellier have e sufficlently large dlameter and blade
area to develop the required thrust efficiently. Structural consider-
ations require the propeller to be fres from flutter, vibretion, and
excessive stresses and to have a minimm of weight consistent with
safety.

The general principles will be outlined and references will be
made to various papers in which the relevant fhctors are discussed

in detail., BSample results from some of the Investigations will be
presented.
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SYMBOLS

number of blades

thickness of section, feet

chord, feet

propeller-tip radius, feet

density of matefial, sluge per cubic foot

meximin flutter speed s+ divergence speed

-shear modulua of elaastlcity, pounds per square foot

density of elr, slugs per cubic foot
position of'ﬁection center of gravity
distance.from propeller, feot

sound intensity level, decibela
propeller diameter, feet

tip ﬁach nwiber (rotation only)
horgepower to propoller

thrust, pounds

forward speed, miles per hour

' propeller rotational speed, revolutions per minuie

propellexr fotétional speed, revolutions per second
propeller efficiency

ideal efficiency

optimum efficlency

blede element solidity at O.TR (._?E____)
27(0.7R),

advance ratlo ¢f wake helix
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w rearward displacement velocity of helical vortex surface
~ (at infinity)

K(x) circulation fu'rictioz; for propellef bledes

K mass coefficlent for propellesr

L. helical velocity at O.TR, feet per second

u rotational velocity at 0.TR, feet per second

S '_propelle-r blade area, sguare feet

C'L sectlion 1ift coefficient at% O.7R

Ky Bp constants

DISCUSSION OF ACOUSTICAL FACTORS

Noige Levels of Alrcraft

Dy« Wright, CAA Adminletrator, pointed out at the NACA Indusiry
Conference on Personal Alrcraft last September that the potentlal
light-plane market depende on the avallability of airports close to
populated centers and that the location of the airports depends on
the amount of noise that elrplones make.

The acceptable noise level of ailrcraft is that level which will
eliminate the objecticns that people now have tc alrports located
close to their homes. Table I shows &« chart, taken from reference 1,
which gives the noise levels of common noises. It 1s not the purpose
of this paper to establish an accepbakle noige level but to discuss
the problems encountered in reducing the noise level of s propeller.

Recently an airplane was flowm at the NACA Langley Laboratory
vwhich had a noise level of 6i decibels when flown at & speed of
130 miles per hour, 185 horsepower, at an altitude of 300 feet.
The noise level of this alrplane has been reduced to the point where
no distinct engine or propeller freguency can be heard. The noise
level of the conventional airplane for comparable conditions was
90 decibels. From table I it may be noted that the noise level has
been reduced from gbout that shown for the "noisiest spot at
Niagare Falls" to less than that for the "average automcbile, 15 feet:”
A reduction of 10 decibels indicates a sound energy reduction to 1/10.
For the airplane discussed above, the reduction of 26 decibels
representy & sound energy reduction to about l/ 400 the original
sound energy. '
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It is significant that the changes made on the alrplane to
obtain this sound reduction resulted in a definite increass in the
maximum speed of the airplane with no objectionable flying qualitles.
A picture of the alrplane lg shown cn figure 1.

Types of Propeller Noise

Figure 2 shows & polar distribution of the first harmonic of
the rotational noise components and vortex nolse of a propeller
(reference 2). It should be noted that the theory for the noise
of a propeller in flight has not beem completed to the point where
it can be sald that a solution of the problem has been obtained.

In thie figure end throughout the acouatical section of this paper
a propeller in flight is assumed to have the sams sound pattern as
& propeller operating without forward velocity but daveloping the
same thrust and torque as the propeller in flight. The rotationcl
tip speed rather than the helical tip speed has been used for making
gound calculationes. This glves a conservative estimate of the nolae
since flight tests compared with statlc tests (reference 3) have
shown that the noise in flight is somewhat less even though the
helical tip speed has been increased.

The rotational noise, somotimes referred to as the Gutin noisse,
is the propeller nolse due to the steady aercdynamic forces on the
blade. In Gutin's theory the noige 1a divided into the torque and
thrust componente. From figure 2 it may be seen that for an airplane
in fiight the greatest component of the rotationzl nolse 1s due to
the torque of the propeller and th:t the thrust component has little
effect. It wasm shown in reference 4 that the rotatiopsl nolse can
be made as low as degired by reducing the tip speed and 1ncreasing
the number of ] 'bln.d.es. Recent tests of the sound froem two-, four-,
and seven-blade propellers (reference 5) show that the 'hhe-ory for
rotational nolsse is in good agreement with experiment for a tip
Mach number range between (0.5 and 0.9 but that for lower tip Mach
numbers the measured over-azll sound pressursa were rmch greater than
the theoretical rotational sound preasures., This discrepancy is ue
to the vortex noise of the propeller.

The vortex noise is the propeller noise due to the oscillatory
aerodynamic forces on the blade aascciated with the vortices in the
wake of an alrfoil - the Kdrmdén Vortex Street. It is usually of
much higher frequency than the rotational noise and ig distributed
over a wide band of random frequencles. It hag bsen shown in
reference 6 that the vortex noise energy varles as the zixth pover
of the tip speed and the First powsr of the total pmgeuer-blade
area and 1s also a function of the drag coefficient of the blade
sections. Thus for a propeller of a given total solidity and tip
apeed, the rotatlonal noise mxy be reduced by lncreasing the number
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of blades, but the vortex nolse is independent of the number of 'bla.d.es.
The polar distribution BHOWH OO Tigiré 2 FTor the vortex nolse is a ™
maximum along the propeller axis and decreases as the cosine of the
angle from the propeller axis. This is the distribution obtained in
reference 7 on whirling rods. In the flight. condition the distribution
is probably considerably altered.

Loudness of Propeller Noise as Affected by Varlous Factors

The loudness level of a nolge tekes into account the response
cheracteristics of the ear., It is defined In reference 8 as the
Pressurs or intenslity level of an equally loud 1000-cycle note which
is the refersnce frequency. The loudnessa level contours are shown
on figure 3. It is believed that the lcudness level 1s a better
criterion for comparing noises than the pressure level. It is
not certain whether the loudness level is the best indication of
the annoyance Tevel which, in the final analysig, ig the true
criterion for the cbjec uiona'bllit.y of noise. Since there is no
method available for calculating the amnoymnce level of a nolse,
the present paper uses loudness levels as a bazals for the comparison
of propellers.

The subsequent figurea on acoustics are taken from reference 2.
Loudness charts are given in reference 2 covering the power range
of 100 to 300 horsepower, propeller diameters of 6, 8, and 10 feet,
end the forward speed. range of 50 to 200 miles per hour.

Figure 4 is a sample chart giving the loudness levels as functions
of rotatlonal speed for twe-, four-, six-, and eighit-blade propellers
for constant diameter, power, and forward velocity at 300 feet. This
distance may be considered the altituds of an alrplane in the approach
to the airport. Rotational loudness levels are glven by the solid
lines. It may be ssen that the greater the number of blades the
lower the loudness level for a given rotational speed. The loudness
levels alse decrease rapldly with decrease of rotationsl speed. The
vortex loudness level is given by the line of long dashes. It is
independent of the number of blades and decreases slowly with a
decrease in rotational speed. The lines of short dashes represent
total loudness levels due to rotational and vortex noise. At a
sufficiently low rotational speed the rotatlional nolse drops below
the vortex noise level and the propeller noise becomes predominantly
vortex noiss. The rotatlional loudness level and the total loudness
level for a five-blade propeller at a rotational speed of 1000 rpm
are Indlcated 'by circles on the figure. These pointe corrseapond
approximately to the opérating condition of one of the NACA quiet
propellers. It may be seen that the loudness is almost entirely due
to the vortex noise. This explalns why the rotationsal noise cannot
be heard.
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The effect of dlameter on the loudness level of a two-blade
propeller operating at constant rpm and power is gliven on figure 5.
An examination of the Gutin sound formula as given in equation (U4)
of reference Lt shows that the sound pressure is a product of
several factors. Decreusing the diameter, with rpm and power held
constant, results in the decrease of some factors but an increase
in others. The net result is a small decrease of sound Intensity
with decresse in diameter at the expense of propeller efflciency.
The effect of diameter on efficlency will be discussed later.

The effect of dlameter on the loudness level of a two-blade
propeller operating at constant tip speed and power is given
on figure 6. This figure shows that for constant tip speed the
loudness level decreases as the diameter 13 increased. This
decrease 1s due to two factors. Firat, it can be shown from
equation (5) of reference 4, that for constant tip speed the sound
pressure varies inversely as the propeller radius. ©Second, for
constant tip speed the large propeller will have a lower rpm; thus,
the sound frequencies will be reduced toward a reglon where the
ear has lower sensitivity.

The effect of power on the loudness of a two~bladse propeller
of constant diameter is glven on figurs 7. There is some increase
in sound output with increase of power, particularly =t the lower rpm's.
If the rpm is reduced still further into the region where the vortex
nolse predominates, the loudness level does not change much with
horsepower. In some preliminery tests wlth the NACA quiet propellers
the sound pressure level was increased only 1 to 2 decihels az the
power was increased from 110 horgepower to 185 horsepower.

Effect of Distance on Airplane Nolse

The question of effect of distance on alrplane noise was raised
at the September 1946 NACA Industry Conference on Personal Aircraft
Ressarch. Some tests (reference 3) were subsequently made to
determine how much atmospheric ebsorption affecteéd the sound.
Figore 8 gives the maximum sound intensity measured on the ground
as an AT-6 airplane was flown directly over the microphone at
altituces between 300 and 5000 feet. The straight line is a
theoretical line calculated on the assumption that there 1s no
atmospheric absorption and that the decrease in intenelty 1s due
" to the spreading of the sound wave from a point source. The data
indicate that the etmospheric absorption is negligible for the
condltions of the teats. ¥For sound traveling along the ground,
appreciable absorption was noted when the wave length of scuné was
about the same dimension or smaller than the dimenslion of the
vegetation. Thue short grass will not attemuate the low frequencles
but shrubbery or trees will.
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DISCUSSION OF AERODYNAMIC mc'm;as' T

Tdeal Efficiency.

The ideal efficlemcy of an actuator disk is given as a function
of the power coefficient on figure 9. This curve is taken from
reference 9 and 1s based on the work of Rankine in 1865. This
curve gives the ideal efficiency for the condition that the momentum
increase is distributed uniformly over the propeller disk. This
curve is useful for estimating the effect of diameter on the
efficiency of a propeller. Various values of dlameter are Indicated
on this curve for 100 horsepower; the crulse condition is taken
a8 100 miles per hour and is shown gbove the line; the take-off
condition, as 50 mliles per hour and shown belcow the line. It may
be seen that the teke~off efficlency becomes quite low as the
diamster ls reduced.

Propeller Blzde Area as a Function of Tip Speed

An expression for the differentilal thrust per unit blade area
may be obtained from blade element theory (reference 3)}. Neglecting
the section drag, the following relation is obtained.

ar 1
7 = FPOIWU : - (1)

where W 1is the helical velocity end U the rotational veloclity
of the section.

The propeller blade area regulred to develop a given thrust
may be estimated from this equation. In figure 10 the blade arsa
is glven as a function of tip speed. These curves ars based on the
assumption that W =T and that the veloclties at the 0.7 radius
are representative. A lift coefficient of Q.4 was used in these
calculations. These curves show the large increase in blade area
necessary to develop the reguired thrust at low tip speeds. They
indlcate the magnitude of the required blade asrea and sre used in
this paper for estimating the vortex noiss and the weight of
propellers snd are not intended for design purposes.

Minimim Loss Theorem
Modern propeller theory is based on a theorem given by Betz

in 1919 (reference 10}. This theorem states: "The flow behind a
propeller with minimum loss of energy is as though the path traversed
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by each propeller blade was congealed and was driven astern at a
given velocity « « « " Figure 11 is a picture of cellulold helices
which represent the congesled wekes of Betz' theorem. In en
addendum to reference 10, Prendtl calculated the distribution of
the flow over a series of disks representing the helix. From this
flow Prandtl obtained the ideal circulation or load distribution
for a propeller, based on the simplifying assumptions he made.

In 1929 Goldstein calculated the flow about two- ené four-blude
helices and obtained an exact expression for the ideal circulation
dlstribution. In 1944 Theodorsen at the NACA reexamined the entire
propeller theory and by use of electrical methods checked Goldstein's
circulation function for single-rotating propellers and obtained
the circulation functions for dusl rotating propellors. Some of
the models which were used for the electrical ‘measursments are
shown in flgure 1l.

Since a frictionless propeller having minimim induced loases
will produce a helical wake, the load distribution snd performance
of such a propeller may be destermined from the potential flow over
the wake. Thus the optimum circulation dlstribution or loading
along the blade radius may be obtained from measurements of the
voltage across the helical sheet when the hellx is ilmmersed in a
tank of water having electric current flowing in the direction of
the hellx axis. This distribution differs for different rates of
advance, number of blades, end propeller configuratione. The

circulation function for a four-blade propeller at a ‘L;'%l"- of 1.55

is given in flgure 12 for both single rotation and dual rotation.
These curves are taken from reference 1l. It may be seen that to
obtain a minimum energy loss the load at the tip must he reduced on
both propellers. For a single-rotation propeller the load must also
be reduced at the hub, but for & dual rotation propeller the
circulation is a maximum at the hub. Physically, thls meens that
the tip load mist be reduced to minimize the tip loss and the hub
load must be reduced on the single-rotution propellser to reduce the
rotational loss. .

Theodorsen, in reference 1ll, introduced the concept of the mass
coeffliclent which to a first approximation is a measure of the
effectlve disk area of a propeller. This maes coefficient may be
obtained from an integration of the circulation function, or may be
obtained from a measurement of the electrical resistance of the
helix when it ls immersed in a tank of water. The mass coefficient &
ig the ratio of the change of tank resistance caused by the walke to
the change of tank resistance caused by the immersion of a solid
Insulator having the sameo dlameter as the wake. The value of the
mass coefficient for various numbersof blades for single rotation is
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given in figure 13 (fig. 3, reference 11). This figure shows that,
for a given airplane veloclty and propeller diameter, the mass
coefficient or effective disk area of the propeller decreases as

V+w
nD
that the optimum efficlency of a frictionless propeller decreasea

as the rotational speed is decreased. The msss coefficlient and
efficiency may be incresased by increasing the number of blades at

the rotationsal speed decreases or increases. This means

a glven v+ ¥. Even with an ihfinite nurber of single~rotating blades

nD
the mass coefficient is less then unity for fimite velues of vn; ¥,
It may be of interest that the mass- cosfficient of the counter-
rotating propellers lies in the reglon zbove the curve for an
infinite muwber of blades in single rotation. Since we do not know
at present how mmch nolse dusl rotation propellers maks, the
discussion will be restricted to single-rotation propellers .

The efficiency formulas for frictionless propellers having
ideal circulation distribution are glven as functions of the ratioc
of thrust to mass coefficients in reference 12.

An approximate method for obtaining the efficiency of frictionless
propellers is glven in the following to demonstrate the use of the
mass coefficient. (This method is slightly optimistic but accurate
to better than 1 percent for Ilightly loaded propellers having an
optimum efficlency greater than 90 percent. The wake velocity is
agsumgd to be equal to the stream velocity, V + w = V; and the
slipstree.m contraction is neglected. } The ideal efficliency 1s given
in figure 9. In a propeller the air is not accelerated uniformly
through the disk as In an actuator but passes through the disk in
bunches, having tangential, radial, and axlal velocity components.
The mass coefficient glves the equivalent actuator disk of the
propeller. Thus, for example, an 8-foot actuator disk sbsorbing
100 horsepower at 100 miles per hour has a power coeffilcient of 0.1
and an efficiency of 95 percent (fig. 9). Assume that an 8-foot
two-blade propeller is operating at a V/nD of 0.9. This propeller
has & mass coefficient of 0.5 (fig. 13); thus its efficiency will be
equal to that of apn actuator disk of one-half the area. Since the
power coefficient varies inversely as the actuator-disk area, the
equivalent actuator disk has & power coefficlent of 0.2 and an
efficiency of 91 percent (fig. 9). This is the efficiency of a
frictionless two-blade propeller at a V/nD of 0.9 for the above
operating conditions. If the propeller rotational speed 1s reduced
~ 80 as to operate at a V/nD of 1.3, the mess coefficient becomes

equel to 0.33 and the power coefficient of the equivalent actuator
disk is 0.3 This corresponds to an optimum efficiency of 88 percent

N
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for a two-blade propeller operating at a V/nD of 1.3. If the
number of blades were increased to five at this V/nD = 1.3, the
megs coefficient would be increased to 0.5 and the optimmm efficiency
would be the same as for a two-blade propeller operating at a

V/nD of 0.9, namely 91 percent.

Propeller Efficiency Charts

The preceding discussion has dealt with the induced losses of
frictionless propellers and cammot be applied directly to the
design of actual propellers. Lock, at the Britlsh National
Physical Laboratory, extended the work of Goldstein to other bladse
numbers and developed a method of calculating the propeller =~ ~
cheracteristics. Crigler and others at the NACA have extended the
work of Lock and developed selection charts. which greatly facilitate
the work of designing high-efficiency propellera. This method
(reference 13) is considered standard for the purpose of designing
high~performance propellers. Efficiencies up to 95 percent have
been obtained in wind-tunnel tests on propellers designed by this
method.

Recently Crigler and Jagquis (reference 1L4) have extended this
work to cover the low V/nD raenge and have calculated a series of
propeller-efficiency charts that cover the same range of operating
conditions as 1s covered in the loudness charts of reference 3.

It 1s believed that references 3 and 1% will ald the designer in
chooging the optimum propeller, both from a loudnese and an efficiency
standpoint.

Figure 1k, taken from reference 1k, is a sample of the efficiency
charts. It shows the breekdown of losses of a propeller. The optimum
efficiency of frictionless propellers is given by Topt for two,

four, and elght blades. As discussed in the previocus section, it may
be geen that the optimum efficiency decreoases with decreasing rpm

and that for a glven rpm the greater the munhber of blades the higher
the optimum efficiency. The solid lines give the net efficiency for
the propeller, teking into account the skin friction or section drag.
The loss of propeller efficiency due to section drag depends on the
section lift/drag ratic and on the angle of attack of the section.
Suech efficiency loes is a minimm when the sections operate at

helix angle of 45° and at maximum lift/drag ratio. In the calculations
for figure 13 it is assumed that the propellers have the optimum
pitch dlstribution for each speed and that the propellers have a
solidity of 0.0345 per blade at the O.7TR. Thus a four-blads propellsr
hag twice the solidity of a two-blade propeller. It can be seen

that each propsller has a maximum efficiency over a limited range

of rotational speeds., If the rotatlional speed ls too high, the
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losses are excessive because of skin friction lossesj if the rpm is
too low, the sections must operate at a high lift coefficlent at
high drag near the stall. In figure 13 all the propellers have
about the same maximum efficiency. It is seen that a two-blade
propeller operating at 1500 rpm can be replaced by elght blades
operating at 700 rpm without loss of efficiency.

DISCUSSION OF STRUCTURAL FACTORS
Welght
The blade weight and srea of a propeller having homogeneous
blades are given by the followlng relations
Weight = E3BRtey (2)
Acea = KgBRe : (3}

vhere B 1s the number of blades, R the radius, t the thickness,
¢ the chord, and 7 the density of the material. K3, Koy, « ¢« « are

constants depending on the geometry of the blades. .

The above equations ma.y be comblned to give the following
relations .

2 .
Welght = Ks %% s (&)
Dl L myr =my Fe (5)

wvhere -S is the total blade areas of the propeller. ZEguation 4 shows
thet the weight of a propeller varies as the square of the blade area
and inversely as the nunmber of blades. Thus a propeller having a
glven thickness ratlo, area, and radius will have less welght as the
number of blades is increassed. Equation 5 shows that the weight to
area ratloc is more favorable as the thickness of the blades 1s
decreased or for a constant thickness ratlo as the chord is decreased.
One of the factors that determines the minimum thickness and chord

is discussed in the next section.

Flutter

Considerable work has been done at the Laengley Leboratory of the
NACA on flutter of wind-tunnel drive fans. This work is reported in
references 15 and 16. The results of these investigations are also
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applicable to propellers. The following equation teken from
reference 16 gives the divergence epeed of propellers, which ie
approximately equal to the meximum flutter speed. (Because of
centrifugal force effects, the effective elastlc axis coincldes
with the section center of gravity.)

r=% g ”:')3 CG-l' (6)
p(%es = %)
where
Ve speed at flutter
G shear modulus of material
o) denslty of air
Xog posltion of seetion center of gravity

K5 constant depending on taper, etc.

Propellers operating in the stalled condition have a flutter
gpeed much lower than the maximum flutter speed. For a given clase
of propellers, the minimum stall flutter speed is a fixed fraction
of the maximum flutter speed; hemce, the above equation 1s useful
for comparing the flutter charscteristics of propellers and discussing
the flutter paramesters.

In the previous section it was shown that by hclding t/c constant
the weight to area ratio could be reduced by decreasing the chord of
the blade. From the above sguation it may be seen that decreasing c,
holding R and t/c constant, reduces the flutter speed in direct
proportlon to the chord. Thus, increasing the number of blades
(to obtain a more favorsble welght to area ra.tio) resulis in a lower
flutter speed..

It was shown in the aerodynamic discussion that reducing the
tip specd by one-half required a propeller of four times the area.
Using the sams bladea but increasing the number of blades by a
factor of four results in a propeller that is four times as heavy
as the original propeller. This new propeller has twice the
necesgary flutter margin since the new propeller is operating at
half speed wlth the same blades as were used in the original propeller.
Some reduction in welght can be achieved which will give both propellers
the same margin of flutter safety.
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The following table shows how changing the parameters affects
the weight. In each of the five propellers considered below the
new propeller is assumed to have one-half the flutter speed and
four times the area of the original.. All numbers in the table
give the ratio of the parameters of the new propeller compared to
the original.

Line| Chord|Radius| Blades|Thickness| t/c|Shear modulus| Weight
G - R B t G- :
1 4 1 1 1 1/4 1 L
211/21 1 8 - 1/2 1. 1 2
3 1 2 2 1 1 1 b
y 1 1 )3 0.63 0.63 1. 2.5
541 1 1 L 1 1 a1/y 1

87t is assumed that the density of the ma.tarial varies directly
as the shear modulus G.

An inspection of the above table shows that the flutter conditions
are satisfied by merely increasing the chord by a factor of four
(line l), but this increases the welght by a factor of four and also
gives a very thin alrfoil section thiclkmess ratlo. The best welght
ratio for a given msterisl ls obtalned in line 2 for a propeller

having %—'blad.e chord and eight times the number of blades. Line 5

shows that if a lighter material 1s used having a density and
shear modwlus of one-fourth, the new propeller will have four times
the number of blades but the same weight as the originsl propeller.
This approach to the problem appsars to have the greatest promise.
It is believed that the designer may teke advantage of the low
centrifugal stresses to use new materlals or fabricated blades in
such a manner that there will be no weight penalty involved in the
use of slow rotating gquiet propellers.

An examination of equation 6 shows that if the blade-section
center of gravity is located at the gquarter=-chord point the flutter
speed becomes infinite. It is shown in reference 15 that to
prevent twisting of the blade due to the aerodynanic moment an
airfoll section having zero moment coefficient about guarter chord
mist be used if the center of gravity is at quarter-chord point.
Such sections may not be desirable for propellers. Hellcopter
designers heve obtained fresedom from flutter by using such sectlions
with the center of gravity at quarter chord, both in the main and
tail rotors. Whether such techniques can 'be used to advantage for
propellers has not been determined.
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Vibration

Vibratoxry stresses have not been an important factor in the
deslign of smell wooden propellers of fixed pitch. In fact, one of
the most successful wooden propellers in use today has the first
bending frequency near the firing frequency of the engine 1in the
take~off condltion. Vibratory stresses mey become dangerous in
the high-pitched guiet propellers discuassed In this paper. One of
the propellers built by the NACA pessed the electric whirl tests
and also performed satlsfactorily cn the emgine at low plich.

When the propeller piitch was increased to 30° the propeller vibrated
badly with tip amplitude up to 3 inches. Strain gages on the blades
showed that the blades were excited by the first firing order of

the engine. Another engline having a higher gear retio and more
torsional dampers was substituted. This eliminated the vibration
trouble on this propeller.

Such problems are not new but have been encountered on many
high-performance designs. All the technigues which have been used
to check the stresses on high-performance propellers should be used
in the design of quiet propellers.

CONCLUDING REMARKS

Propeller performance and weight considerations have been the
maein factors alffecting the design of propellers in the past. It
now becomes important to consider the propeller sound as en important
factor in the deslign. Fortunately, there is no essential confliict
between the performance and sound requirements. The main problems
are (1) to obtain a satisfactory geared engine, and (2) reduce the
welght of the propeller. What the welght of silent propellers will
be cannot be foretold. This depends on the ingenuity of industrial
designers and researchers. It is believed that by use of new
processes, high-speed geared engines, etc., the future quiet alrplane
will equal the performance of and have as light propulsive units
ag present~day alrcraft. '

The present paper has outlined ascme of the factors which must be
conasldered in the design of a qulet propeller. It is belleved thatb
the nolse problem will not be eliminated until the rotatiomal noise
level is reduced balow the vortex level of the propeller. This will
require & reductlion of the rotetional speed to about ons-half of
that of preseni~day propellsrs.

Langley Memorial Asronautical Laboratory
Natlional Advisory Committee for Aeronautics
Langley Field, Va.



NACA RM No. LTHOS . 5

1.

2.

i3.

REFERENCES

Federel Telephone and Radlo Corporation: Reference Data for
Radio Engineers. Second ed., J. J. Little & Ives Co.
(New York), 1946, p. 177.

Hubbard, Harvey H., and Regler, Arthur A.: Propeller-Loudness
Charts for Light Airplanes. NACA TN No. 1358, 1947,

Regier, Arthur A.: Effect of Distance on Alrplane Noilse.
NACA TN No. 1353, 19h47.

Theodorsen, Theodore, and Regler, Arthur A.: The Problem of
Noise Reduction with Reference to Light Airplanes.
NACA TN No. 1145, 19L46.

Hicks, Chester W., and Hubbard, Harvey H.: Comparison of Sound
Emission from Two-Blade, Four-Blade, and Seven-Blade Propellers.
NACA T No. 1354, 1947,

Yudin, E. Y.t On the Vortex Sound from Rotating Rods.
NACA TM No. 1136, 194T.

Stowell, E. Z., and Deming, A. F.: Vortex Noise from Rotating
Cylindrical Rods. NACA IN No. 519, 1935.

Fletcher, Harvey, and Munson, W. A.: Loudness, Iis Definition,
Measurement and Calculation. dJour. Acous. Soc. Am., vol. V,
no. 2, Oct. 1933, pp. 82-108.

Glauert, H.: The Elements of Aerofoil and Airscrew Theory.
Cambridge Univ. Press, reprint of 1937.

Betz, Albert: Screw Propelisrs with Minimum Energy Loss. R.T.Pe.
Translation No. &3, British Ministry of Aircraft Production.

Theodorsen, Theodore: The Theory of Propellers. I - Determination
of the Circulation Function and the Mass Coefflcient for Iual-
Rotating Propellers. NACA ACR No. LLHQ3, 19kk.

Theodorsen, Theodore: The Theory of Propellers. IV - Thrust,
Energy, end Efficiency Formilas for Single- and Dual-Rotating
Propellers with Jdeel Circulation Distribution. NACA ACR
No. LhJl2, 19kh.

Crigler, John L., and Talkin, Herbert W.: Propeller Selection
from Aerodynamic Considerations. NACA ACR, July 1942,



16 NACA RM No, LTHO5

k. Crigler, John L., and Jaquis s Robert E.: Propeller-Efficlency
Charts for Light Airplenes. NACA TN No. 1338, 1947,

15+ Theodorsen, Theodore, and Regier, Arthur A.: Effect of the Lift
Coefficient on Propeller Flutter. NACA ACR No. L5F30, 1945.

16. Regier, Arthur A., Barmby, John G., and Hubbard, Harvey H.:
Effect of Critical Mach Rumber and Flutter on Maximum Power
Loading of Ducted Fans. NACA TN Ko. 1330, 1947.



nolse level
nolse out-of-doora 1n decibela noise in tadlding
— 1%) —p——| threshold of painful gound
airplone, 1600 rpm, 18 feet | e .
— 110 —_ | potter factory
rivetar, 36 feot | e b | SULTAY, loca) glation with exprass
alavated train, 16 fset | [ 120 =] passing
nojaleat spot at Misgara Falls | —— " —— | lon'a roar, Bronx zoo houas, 18 feat
vary heavy siraet traffic, 15 feet | —
average motor truck, 15 feet | —— 80 —
—— | average of 8 factory locetions
avarage sutomohils, 16 feet | — . 70 —|
- | department slore
quiat resident!al street, New York city — 0 —
16 to 300 fast .. | average office
| B —
minimum atreet nolss, midtowm, | | ____ {quist office
New York city, 60 to 500 faet — 40 entmee | ayerage reidance
t— %0 —t=—— | quigteat resldence meagured
quist garden, London | memes
— m ——
rustle of lsaves In a gentls breeze | — — | quiet whisper, b fest
0 L | ihreahold of hearing of strest nolge
reference level | ——1— p

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Courtesy Weatern Elactric Company

GOHLT "ON WY VOVN

A




NACA RM No. L7HO05

at 1000 rpm.

DIREGTION OF

TOTAL ROTATIONAL

N\, ‘\(

\—:——TORQUE

FLIGHT

b

p- S
\_—
NAT{ONAL ADVISORY
COMMITTEE FOR AERONAUTICS PLANE OF! ROTATION

Figure 2.- Calculated sound pressures of first hermonic from two-blade propeller in
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forward flight. D = 8 feet; M; = 0.57; Pg= 150 horsepower; V = 150 miles per hour,

(From reference 2.)
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Figure 3.- Loudness level contours. (From reference 8.)
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Figure 4.~ Loudness as a function of rotational speed for various numbers of blades.
D = 8 feet; V = 100 miles per hour; PH = 150 horsepower. (From reference 2.}
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Figure 5.- Effect of diameter at constant rotational speed N on propeller loudness.
V = 50 miles per hour; Py =100 horsepower; S = 800 feet; B = 2. (From reference 2.)
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Figure 8.~ Effect of dlameter at constant tip Mach number on propellei loudness.
‘V = 50 miles per hour; Py = 100 horsepower; S = 300 feet. (From reference 2.)
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Figure 7.- Effect of power absorbed on propeller loudness. V = 50 miles per hour;
D =8 feet; B = 2 blades; S =300 feet. (From reference 2.)
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_ Figure 8.- Sound pressure levels as a fynction of altitude of trainer airplane (AT-8).

V = 164 miles per hour; Pg = 400 horsepower; N = 2000 rpm; relative humidity,
40 percent; temperature, 72°F. (From reference 3.)
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Figure 9.- Ideal efficlency as a function of power coefficlent. (From reference 8.)
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Figure 10.~ Approximate blade ares as a function of tip speed.
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Figure 12.-

Circulation function for four-blade propeller.
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Figure 13.- Mass coefficient for propeller. (From reference 11.)
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Figure 14.- Propeller efficiency. V = 100 miles per hour;
Py = 300 horsepower; D = 10 feet; To.7R = 0.0345 B. (From

reference 14.)
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