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c m/s Speed of sound e

o] - Power coefficient b
c - Thrust coefficient 35 \
D m Propeller diameter a’:
DF Hz Analysing frequency bandwidth Q "
F - Disturbance factor '
L dB Pressure level :
M - Helical blade-tip Mach-number - 4
n rpm Rotational speed SADAN
p Pa Absolute pressure '-%E:
p Watt Power ;
T K Flow temperature ol

%
T N Thrust LR

U m/s Propeller blade-tip rotational velocity

\Y m/s Axial flow velocity Y

& deg Apparent angle of attack (at 75% station) *\}'
-3 deg Blade pitch angle (at 75% station) < Q;
- Advance ratio (conforms to: J = T'A) NN

deg Attitude angle Wt
< kg/m3 Air density RARee

Y deg Blade azimuthal angle RSN
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1. Introduction
§

Within\a joint effort,(and supported by the German Ministry of
Research and Technology/BMFT) between the Deutsche Forschungs-
und Versuchsanstalt fir Luft- und Raumfahrt (DFVLR), the US
Federal Aviation Administration (FAA), and the German Ministry
of Transportation (BMV), propeller noise tests were conducted in
the "Deutsch-Niederlandischer Windkanal/German Dutch Wind Tunnel
(DNW)*ﬁto develop high quality propellerracoustics data, which
could be used by manufacturers for acoustic design purposes, and
by researchers to validate established or newly developed theo-
retical noise prediction methods.

Specifically, the program addressed propeller Mach;number and
discAplane attitude effects as related to noise certification
test and evaluation procedures. Changes in Machinumber, as they
affect acoustic data adjustments, were explored through indepen-
dent variation of tunnel flow velocity, propeller rotational
speed and ambient air temperature. The tests on the effect of
in#flow angle on propeller noise also incorporated the influence
of a typical engine nacelle on the flow field and, hence, on the
propeller noise.

In this +lexetutfve“f7report, acoustic and operational data-ac-
quisition and -reduction procedures are described. Only a selec-
tion of typical test results is presented, in order to illus-
trate the acoustic analysisitechniques.,A complete collection of
as-measured noise data in terms of prgssure—time—histories and
narrow-band spectra is documented in 6 Appendices to this re-
port, together with supplementary information necessary for fur-
ther data interpretation.

As a compliment to the propeller wind tunnel noise tests, the
FAA conducted comprehensive noise flight tests with the same mo-
del propeller as the "round-tip" propeller used in the wind tun-
nel. The test airplane also had the same engine cowling design
as that used in part of the wind tunnel tests. The flight tests,

conducted on September 25, 1984, encompassed a wide range of




acoustically-related parameters available within the a‘ piane

operating limitations. The results are being documente< in a se-
parate report,

2. Test Set-up

Figs. 1 and 2 orovide an overview of the set-up with the in-flow

microphone array and the drive system installed in the DNW
8x6 m2? open test section, approximately halfway between the
nozzle and the collector. The drive system is located 1.6 m to
the side of the tunnel axis to allow both the propeller and the
microphones to operate in the (low turbulence intensity) tunnel
coreflow region. This results in a distance between the propel-
ler axis and tne ("reference") microphone (located in the plane
of rotation) of 4 m, corresponding to two propeller diameters.
Tests on the effect of engine-cowling installation on propeller
noise radiation were performed with a full-scale Piper Saratoga
engine-cowling. The installation of this cowling on the - other-
wise aerodynam:.cally clean - drive-unit is shown in Fig. 3.

2.1 Drive System

The drive-unit consists of two DC-electric motors (ir. ~ tandem
arrangement) with a maximum combined power output of 360 kw -t a
rotational speed of 3000 rpm. The motors are cooled by externa. -
ly supplied air which is fed into the drive-unit through the
support pylon and emanates into the tunnel flow at the aft end
of the drive-unit nacelle. 1o avoid mechanically and aerodyna-
mically generated motor-noise rauition into the farfield, the
interior surfaces of the (aerodynamicAally shaped) nacelle are
covered with sound-absorbtive material. The maximum nacelle
diameter is 0.” m. The 0.5 m diameter sunport pylon is located
2.6 m downstreem of the propeller disc-pla.~».
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2,2 Test-rig Installation

The drive-system and the in-flow microphone support were aligned
in the flow direction by optical means (Theodolite). Angular de-
viations of the mean flow were within 0.2 degrees of the propel-
ler and the microphone axes. The horizontal distance of the pro-
peller axis to the reference in-flow microphone (located in the

plane of rotation) was held to 4 m with an accuracy of 0.01 m,

To establish different propeller disc-plane attitude angles re-
lative to the tunnel mean-flow direction, the drive system sup-
port was moved (on air-cushions) relative to a ground-fixed cen-
ter of rotation located directly underneath the propeller cen-
ter. By means of additional ground-fixed mechanical devices, any
predefined attitude angle could be exactly positioned. The actu-

al values of propeller disc-plane attitude angles, as realized
during the tests were as follows:

b= +7.3; +3.6; 0.0; -3.8 and -7.4 deg.

(the orientation of the angle ¢ is defined in Fig. 1).

2.3 Test Propellers

Acoustic data were taken for two different 2-bladed propellers

of 2.03 m diameter each, manufactured by Hartzell (Fig. 4):

Design Tip-shape Rel. Thickness Blade Serial No,
at 0.75 Radius

F 8475 D-4 Round 6.4 2 F 52972
F 52976
F 9684-14 Square 8.5 % F 55004
F 55005

For margin of safety considerations, the maximum power con-

sumption of each propeller had to be limited to approximately
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250 kW. Propeller-tip geometries as well as the radial - _.iri-
butions of relative blade-thickness, -chord, and -tw.st angle

are shown in Figs. 5, 6 and 7 for both propelln.s. All of the

blade airfoil sections are essentially Clark Y sections.

Blade pitch-setting was adjusted manually, as based on a cali-
bration-chart provided by Hartzell, giving the relationship
between pitch-angle and number of "turns"™ on a set-screw. The

pitch-angle setting was accurate to within 0.2 deg,

2.4 In-flow Microphone Arrangement

A total of seven in-flow microphones were positioned in the ho-
rizontal plane at different streamwise locations corresponding
to particular geometric radiation angles from the propeller cen-
ter (Fig. 8). Since for non-zero disc-plane attitude angles, the
sound-radiation field was expected to be unsymmetric, two addi-
tional microphones were positioned in the plane of rotation (4 m
lateral distance to the propeller axis) at angles of I 30 deg.
respectively ajove and below the horizontal plane with reference
to the propella2r center.

In order to avoid aerodynamic/acoustic interference <ffects, all
microphones lo<ated in the horizontal plane were later.’:w spac-
ed such that the connecting line between those microphones ~uald
exhibit an ang.e of 10 deg with respect to the mean flow dire -
tion. The individual - aerodynamically shaped - microphone sup-
port struts were both inclined in the streamwise direction and
arranged in a "helical" manner around a streamwise-orientated
main carrier-tibe. This construct . n concept (Fig. 9) was chosen
to minimize aerodyamic noise generat.un due to wake-strut inter-
actions, and at the same time to avolid acoustic interferences at
the measuring nicrophones due to sound reflections off the strut
surfaces. For the same reason, the main ce rier-tube as well as
the entire bas2 structure (two verticallv orientated st».ts),
were aerodynanically shaped and acousticc’'ly treated with a

50 mm thick foem cover.
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3. Acoustic Quality of Test Set-up

To determine whether the tctal set-up as installed in the open
test-section would give rise to any sound reflections which

could adulterate the propeller noise signature "bang-tests" were
carried out.

For this purpose, an explosive charge was attached to the blade-
tip which was ignited and pressure-time histories were obtained
at all microphone positions, These time histories were synchro-
nized with the 1gnition time and sources of reflections were
identified. This procedure was repeated for different blade azi-

muthal angles within a range of 90 deg * Y = 270 degrees under
wind-off conditions.

Typical pressure-time histories are plotted in Figs. 10 and 11

for all in-flow microphones., If no reflections occur, then pres-
sure amplitudes are not expected for any point in time after
which the direct 1incident pressure-pulse (with a positive and
subsequent negative pressure amplitude) has passed the micro-
phone. This ideal situation was however only achieved for parti-
cular combinaticns of microphone position and location of the
eXxplosive (blade azimuthal angle), such as microphone MP 8 1in

Fig. 11, for example. In many other situations weak sound re-
flections were present.

Analysing the respective time-delays, it turned out, that for
microphones MP 5, 6 and 9 in particular, sound waves were re-
flected from the nearby (vertically orientated) microphone sup-
port struts; for microphone MP 7, a reflection occured at the
particular support strut of that microphone (Fig. 10). In the
latter case, however, the reflected amplitude was damped signi-

ficantly by covering this strut with damping material (10 mm
foam).,

Since the main support struts had already been treated with

damping material and the pressure level difference between di-

rect incident and reflected sound signals turned out to be at
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least 14 dB, no further efforts were expended to furtl .r reduce
sound reflection amplitudes. Later analyses of ~:-neasured pro-
peller noise signatures however showed, that r:maining reflected
amplitudes were still high enough to adulterate radiated propel-
ler noise to some extent. The example given in Fig. 12 1llus-

trates the effect of such sound reflections.

Interpretaticn of measured propeller noise data requires know-
ledge of the prevailing background-noise-level spectra. Back-
ground noise measurements were therefore conducted at different
tunnel flow-velocities with the complete test set-up installed
in the test-section. During these measurements the propeller was

removed from the drive unit and replaced by a dummy-spinner,.

Represenzative measurement results are plotted 1in Fig. 13 in
terms of ("menually smoothed") narrow-band spectra.* The upper

graph in Fig. 13 provides general information on the influence
of flow-velocity on measured background noise level-spectra for
the microphonz position MP 4 in the plane of rotation. The meas-
ured levels w2re confirmed to correspond to published background

noise calibra:ion data.

The dotted line in this graph, corresponding *n zero tunnel-
wind-speed, 1indicates the noise floor as originating from the
drive-~unit ruaning at 2700 rpm (but for zero power outp:.) and

the cooling a.r unit operating.

In the lower c¢raph of Fig. 13 background noise levels as measur-
ed at different microphone positions are compared for the same

flow-velocity. Obviously, for mecst of the microphones (MP 1

* A complete original set of background < ise data is i~ cluded
as an attachment to this report.
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through 5* and 8) no additional noise contribution originating

from the flow around the microphones' support structures can be
detected. The microphone at MP 9 however suffers from additional
"airfame-noise", since it is mounted very close to one of the
extended (vertically orientated) main support struts. For the
measurement point MP 7, a broadband level increase at a frequen-
cy around 2 kHz is observed. Since this particular microphone
is mounted on an extremely long support strut, it is - from the
experience gained during the tests - suspected that microphone
vibrations are the reason for this effect. 1Indeed, background
noise-levels as measured at this microphone position tend to ex-
hibit unsteady and rather intense level fluctuations with 1in-
creasing flow-velocity. For this reason, propeller noise signa-
tures as measured at MP 7 are heavily distorted in those cases
when the flow-velocity exceeds a value of about 50 m/s.

4, Data Acquisition

In this chapter information is provided on measurement techni-

gques and respective accuracies of measured operational and
acoustic data.

4.1 Propeller Operational Data

To correlate the acoustic data with propeller operational para-
meters, the drive system was instrumented with various sensors
in order to determine thrust and torque (strain-gauge technique)

as well as rotational speed (pulse generation 512/rev.) and the

During the measurements the microphone at MP 6 dropped out,
so that no information on this particular sensor 1s availab-
le. However, due to the position of MP 6, it may be safely
assumed, that respective background noise Jlevels should com-
rare to those measured at MP 5,

13
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;i instantaneous azimuthal posi1ti1on ot the propeller blarf - with
L]
}& respect to -he measured acounst i pressure-time signature
\.‘.‘. R
" (Fig. 14 ..
.
\I
The following listing provide. nfarmation on sensor-type and
respective measurement acc.racy uo aetermined within static ca-

libration tes:s:

Physical Sensor sensor Measurement Accuracy
Quantity | Manufacturer Type Range
Thrust Hottinger Ul (two sy- 0-4000 N +20 N
Baldwin stems acting
in a parallel
circuit)
Torque Philips MM S 9372 0-2000 Nm 10 Nm
/020
Rotational| Hibner 0G 9 DN 0-9000 rpm +1 rpm
Speed

During the test-runs with the propeller installed, the steady-
state thrust was superimposed by unsteady comporents. Therefore,
both the maxinum and the minimum readings were taken from a di-
gital-voltmeter as analog values and averaged lineu:ri,; after-

wards,

From measurement principles (see Fig.14) the experimentally de-

termined thrust values include the aerodynamic drag of the spin-

ner. For respective comparisconz with theoretically determined 1
thrust data (from the blades alourne ' the aerodynamic drag of the ;
spinner must be added to measured throst. To enable such a cor- i
rection, the soinner drag was measured in the wind tunnel for a :
wide range of flow-velocities (however uiler static, non-rotat- ;
ing conditions). The determined drag f( ces are plotted = -
Fig. 15. i

Synchronizatior of *+the azimuthal propell« -blade orientation

14




with the acoustic-data recordings was attained by means of a

pulse-generator (1 pulse/revolution), mechanically coupled to

the drive-motor axis. Fig. 16 shows the angular position of the

propeller for the instant in time, when the trigger-pulse is re-

leased.

4.2 Wind Tunnel Data

During testing, all essential operational data such as wind-
speed and -temperature, absolute pressure and relative humidity
in the core-flow, were monitored and a print-out was obtained

for each run,.

The measurement accuracy of these data as given by DNW are as

follows:

Velocity:
Temperature:
Absolute Pressure:

Relative Humidity:

4.3 Acoustic Data

In-flow noise signatures were measured by means of nose-cone
protected 1/4" diam. condenser microphones (Briel&Kjaer, Type
4136). The microphone output signals were recorded via a multi-
channel preamplifier system on a l4-channel FM tape-recorder
(Ampex, Type PR 2230) together with the rotational trigger pulse
and a time-code signal. The tape speed was set at 15 ips for all
measurements, Gains were adjusted manually by means of oscillos-
cope-type monitors installed in each preamplifier. Gain-factor

settings then were printed out automatically.

Each measuring channel was separately calibrated by recording a
pistonphon reference-tone of 124 dB at 250 Hz. In addition, the

calibration was cross-checked at the beginning and the end of

15
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5. Test Matr .x

)

,I

R

T With respect to the scope of the test-program, the total data-
"'t

< point matrix consists of five sub-matrices which could be attri-
> buted tc¢ the following sub-programs:

&. Basic Test Program

S W N

Effect of Flow Temperature
Effect of Propeller Disc-plane Attitude

i ¥
SN

.

Effect of Engine-cowling Installation .

Akl

Within these sub-programs the so-called "Basic Program" contains
the basic data-point matrix. All other sub-programs refer to
particular perts of this basic data-point matrix with an addi-
tional variable (i.e. temperature, attitude-angle, or cowling-

installation) according to the sub-program's name,

The combination of individual operational test-parameters form-
ing the basic¢ data-point matrix was triggered by the intention
to cover the typical operational ranges of General-Aviation air-
craft propellers., Therefore, the data matrix is compus.uy of four
individual sets of data with different pitch-angle set. ngs.
Each of these data-sets finally combines data-points with coi "-
tant advance ratio, tunnel flow-velocity or rotational speed
respectively, at otherwise different operational conditions. For
each pitchset:ing, an additional "zero-power" condition was as-

signed.

OER P X ALS

To allow for better comparison of noisc data from both propel-
lers, the resnective basic data-point ma‘rices contain the iden-
tical values ~“or flow-velocity and rotati nal speed, but sligh* -

ly different pitch-angle settings to appr -“imately achi~v_. equal

P N B L

power consump:.ion and thrust output.
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The first measurements indicated that both the power consumption
and the thrust-output of the propellers were about 30% higher
than expected. Due to power limits, as defined by the propeller
manufacturer, data-points combining high rotational speeds and
low tunnel wind speeds therefore had to be reorganized and were

run at appropriately increased wind-speeds.

The actual matrices of all data-points acquired within the test-
period are listed in Tables I to VII,

6. Data Reduction

To thoroughly investigate the influence on propeller noise ra-
diation of flow temperature, propeller disc-plane attitude and
engine-cowling installation , measured noise data from all in-
flow microphones were analysed in terms of sound-pressure time-
histories and narrow-band spectra. Since these data at the same
time represent a good basis for many researchers to check the
validity of their individual noise prediction programs, propel-
ler noise signatures are presented '‘'as measured' together with
corresponding background information (such as operational para-
meters, geometric, and noise environmental data, etc).

6.1 Operational Data Processing

To determine the power- and thrust-coefficients for each data-
point, the actual ailr density , as a function of pressure, tem-
perature and relative humidity, was calculated. A 1list of these

"environmental parameters" 1is included in Tables I to VII for
all test-runs,.

Since the relative humidity turned out to be fairly constant
- exhibiting a mean value of approximately 60% - and does not
have a significant influence on the air density anyway witnin a
range of 40% to 70%, calculations were based on a constant rela-
tive humidity of 60%.
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! For this reison the density can be determined as a frauction of
L%
S pressure anc temperature only and calculated by che following
- approximation
E (1) Q@ = 1.2524 + 1.2503 107 °(p) - 0.0045 (T).
r
N
& Calculated dansity values for all test-runs are listed ir Tables
>
E I to ViII. The characteristic propeller coefficients are then
Yo calculated o1 the basis of the following equations:
&
v p
o
S (2) c, =
P 3
(2 p°
°'%0
T
_ F
(3) Cp = >
() pl
° 160

Other characteristic parameters, such as advance-ratio and heli-
cal tip Mach-number are determined by the following relations:

(4) U=TDn/ 60
(5) A=v/uU
(6) My = JU2 + vz /¢

In addition, the apparent angle of attack for the propeller
blade at the 75% station is calculated as

(7) o« =3 - arc tan ( - ¢ 0.75)

Corresponding results from Egs. (2), (3}, (5), (6), and (7) are

listed in Takles I to VII together with measured data for each
test~run.
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6.2 Acoustic Data Analysis

The acoustic data were analyzed in three stages., First, the data
on the analog tapes were processed using a Briel & Kjaer (B&K)
measuring amplifier to determine quick-look values of the linear
overall sound pressure level (OASPL) and the A-weighted noise
levels (LA). The second phase consisted of forming an energy
average of the spectra calculated with an FFT-algorithm to de-
termine the average sound-pressure radiation spectrum of all
sources measured by the microphones. The third phase consisted
of an acoustic wave form "enhancement" technigque, which provided
spectra free of stochastic disturbances, and also included sup-

pression of propeller broadband noise.

6.2.1 Quick-1look Data

The first phase of the acoustic data processing was designed to
provide an early view of the trends of the propeller noise as
measured in the wind tunnel. The tape recordings were processed
using a B&K Type 2636 Measuring Amplifier with a slow time cons-
tant. For the quick-look phase, the typical recorded sample of
60 seconds was divided into 10 samples each for the linear and
A-weighted noise levels, The mean OASPL and LA values were cal-
culated with the variation between the highest and lowest levels
noted as, and identified by, the wvalue R, This value was taken
as an indicator of the quality of the measured noise signals. For
the majority of the data, the value of R did not exceed 0.5 dB
with a standard deviation less than 0.2 dB. Conversely, level
differences of R=7 dB were found for some combinations of mi-
crophone position and high windspeed operating conditions which

resulted in vibrationally-induced disturbances.

The quick-look data values were divided into "good" and "dis-
turbed" data. The good data was defined as having a level dif-
ference R less than 1.3 dB together with a standard deviation of
less than 0.4 dB. Higher R values are considered as disturbed

data and are identified with an asterisk. All the data are pre-
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sented in tabular form in the Appendix reports listed .n Section

7 of the pr2sent document.

6.2.2 Energ/ Averaged Spectra

For the nex: two phases of the acoustic data analysis the analog
tapes wer> digitized to facilitate computer analysis. The
l1/rev.-trigger pulse was used to start the digitization process
and the sanple rate was set to the 512 pulse/rev.-signal. To
provide a h-.gh frequency resolution, four propeller revolutions
in sequence were digitized (Fig. 17). The next revolution was
omitted to provide time for data transfer and storage. The pro-

QO UL CL STy e AR T T e

-

cess was repeated on the subsequent revolutions until 70 time-

sequences of 4 revolutions each were digitized. Thus, 280 revol-

o A A,

utions were digitized for each microphone for each test condi-
tion. As a result of the process, both the bandwidth and the up-
per-limitina frequency were a function of the rotational speed.
For the two--blade propellers tested, the bandwidth corresponds
to one-2ighth of the blade-passage frequency. To avoid aliasing
effects, a low-pass filter was set at a frequency of 4 kHz.

For each data-point, the first quarter of the time-sequence was
arbitrarily selected as the acoustic wave form for further ana-
lysis. A representative example is presented in the upoer graph
of Fig. 19 and is labeled "INSTANTANEOUS TIME HISTORY". These
time histories were individually examined and where stochas 'c
disturbances were obviously present, that specific time history

was deleted from further data processing. By means of an FFT-

algorithm, sound pressure-icwol spectra were calculated for the
first revolu:ion (i.e., first gusvrier) of each remaining digi-
tized time-s.2quence set of acoustic pressure- time histories. L
These spectra were energy averaged and are presented as the low-
er graph of I'ig. 19 for each data-point and are labled "AVERAGE
(xx) POWER S?ECTRUM". The "xx" in the lcb»el denotes the niruer
of time histcries from which individual rectra wer~- .-.lculated

and subsequently averaged 1in that part cula: spectrum. This

.- e
IO - &

spectrum contains all of the sound-pressur : information includ-

s
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ing propeller broadband noise radiation.

6.2,3 Enhanced Acoustic Wave Forms and Spectra

On further evaluation of the data analysis, it was evident that
it would be desirable to remove the unsteady pressure distur-
bances resulting from wind tunnel background noise and vibra-
tional induced noise which were superimposed on a number of the
propeller noise signatures. These stochastic disturbances were
particularly evident at certain microphone positions for several
flow velocities. To accomplish this objective, the DFVLR per-
formed a detailed acoustic data enhancement. Utilizing the repe-
titive character of the acoustic wave form, the data enhancement
methods employed retain the propeller tonal characteristics
while suppressing the random characteristics. The enhancement
method is detailed in the following.

For the data taken when low propeller rotational speeds were
combined with high wind tunnel flow velocities, it is possible
to increase the signal-to-noise ratio by averaging the pressure-
time histories using the 1/rev.-trigger pulse. Through this pro-
cess, braodband noise {including propeller broadband noise) and
non-synchronous noise 1is suppressed due to cancellation effects
and the final pressure-time history contains acoustic informa-
tion from up to 280 propeller revolutions.

Since the propeller operational and environmental conditions in
the wind tunnel are fully controlled and the sound waves propa-
gate 1n a very low-turbulence flow-field, the rotational propel-
ler noise signature should inherently be very stationary for
each propeller revolution. It seemed reasconable, therefore, to
adopt the smallest peak-to-peak sound pressure amplitude occur-
ring within the large number of time-sequences as a reference
(or undisturbed signal) to define a limiting pressure amplitude
as an indicator of the presence of a stochastic disturbance
and then to delete all data with amplitudes above the 1limit

(Fig. 18). However, for statistical reasons it is desirable to
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-‘ retain at _east 50 time-sequences of four revolution: e¢ach. In
Es incorporating this procedure, it was necessary t~ use a "self
;: adjusting" limiting pressure amplitde differ.nce to obtain a
;: sufficient number of time-sequences, Therefore, a "disturbance

factor F" was defined as

(8) 1%

(Prax ~ Pmin’ < F(Prax min’Minimum

Numerous aporopriate tests suggested that

F = 1.25 (corresponding to a level difference of
20-10g(1.,25) = 2 dB)

would be a reasonable value to start the analysis. As a conse-
quence all peak-to-peak pressures within 1.25 of the minimum
were retaina2d. If this process resulted in fewer than 50 time-
sequences reamaining, the factor F was multiplied by itself to
increace the limit and the selection process repeated. The pro-
cess was repeated as necessary to obtain 50 time-seguences up to
a value of I' = 6. For values of F > 6, none of the time-sequenc-
es were del=ted, all of the time-sequences for that data-point
were pressure averadged in the time domain and the respective
data marked with a triple-star (***) to indicate that the data
are heavily distorted. For values of F : 6, tnhe Adifference be-
tween the aninimum and limiting peak-to-peak amplitodes AP in
percent (e.c., AP < 144% corresponds to F4 = 1.254 = .. '4 mMinus
1x100) is listed on the graph to provide information on tho nag-
nitude of the stochastic disturbances for each data-point., .| »r

each data-pcint the number of time history sets of four revolu-

‘aa

- tions used in the analysis is listed. b
-~ .
=L )
j{ Careful inspection of averaged t. e histories showed the sound i
l.' a
pressure amplitudes at the beginning z2nd the end of one revolu- N
:: tion may not be identical in each case as might be expected from :
N .
~ physical reasoning. This variation cou.d be caused by low-fre- X
~
’ . . . \
o quency distirbances., Therefore the ave 13ing of the I _oustic l

wave form was conducted in two steps. F. st the time-sequences,

each containing four revolutions, were p: *ssure averaged yield-




v e o d > = o A e e ' - S i S 3 S A e
LT e . LI N Y N . . - - I( - [ - - N - .- v . < - - - - B B -® A » - - - » - - a¥ae -‘-

1ng a single averaged time-sequence. Then the resulting four-re-
volution averaged time-sequence was pressure averaged 1in the
time domain to provide a final averaged time history for one re-
volution. This final pressure-time history contains the informa-

tion from at least 200 propeller revolutions.

Accordingly, for each data-point the upper graph example 1in
Fig. 20 presents the pressure averaged time history and 1is
labeled "AVERAGE (xx) TIME HISTORY". The lower graph in Fig. 20

vresents the pressure-level spectrum calculated with the FFT-

PP M

- algorithm from the average time history and is labeled "POWER
SPECTRUM OF AVERAGE TIME HISTORY".

~esults from the Section 6.2.2 Energy Average Spectra analysis

procedure and the above described process (to delete disturbed

t RSP N

pressure-time histories) were compared. No decrease in the amp-

>

litudes of the harmonics could be detected, as one should ex-

O

pect, if data had been arbitrarily removed at the upper end of a

N statistical amplitude distribution.

L, Three examples of that data reduction technique are shown in

o’ Figs. 19 to 24. From the analysis of the noise signature corres-

7 ponding to data-point AN-3 at microphone MP 4 (Figs. 19 and 20)
it is obvious that sophisticated procedures to enhance the sig-
nal-to-noise ratio are hardly necessary due to the high intensi-
ty of the propeller noise signature. Accordingly, the computer
o averages all 70 time-sequences for the lowest disturbance factor
defined (F = 1.25) corresponding to a 25% amplitude variation as

indicated in the graph. However in case of a lower rotational

a..JJJJ

speed, the time-averaging procedure proves extremely useful, as
¢ can be seen from Fig. 21 and 22. In this case (data- point AN-7,

microphone MP 4) low frequency pressure fluctuations obviously

.-.'A'

distort the instantaneous pressure-time history. As a result the

AP SIS

computer needs a higher disturbance factor (F = 2,44 2 144 %)
for averaging at least 50 time-sequences and deletes 6 series in

this mode. The noise signature - as measured at microphone MP 7

for the identical test-run (Fig. 23 and 24) - finally turns out

oy

to be completely useless., In comparing the instantaneous pres-

r.w o
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sure-time tistory with the averaged one (incorporatina Jlstur-

Yy, iRl

A

bance factor of F = 5.96 = 496%) the presence of ..umerous and

2

LA
Ca]
a

intense pressure disturbances is obvious. The .pectrum as deter-

ry
a

‘l:h‘i

R LS L.

.

mined from the averaged time history (Fig. 24) does 1indeed not

exhibit any periodic noise components.

For evary cata-point and microphone position* pressure-time his-
tories {(instantaneous and averaged) as well as frequency spectra

as averagec¢ in the frequency domain - and as calculated from the

LA
.

averagad time history, resp., - are plctted and presented in the

PR 4

corresoonding Data-Appendix to this report.

R

PR

®
." .

In additior, harmonic pressure levels were determined from all
spectra of averaged time histories (under the presupposition of
a 10 dB signal-to-noise ratio) and submitted to the A-weighting
function**, Both linear and A-weighted harmonic levels as well
as the respective overall pressure levels (calculated from the
energy sum of harmonic levels) are listed in the Data-Appendi-

ces. Fig. 2> provides an example of such a listing,

7.Documenta:ion of Test-data

Due to the overwhelming amount of data acquired ..*hin this pro-
peller-noise research program, the total data anal: Ccannot be

documented .n one single volume. Accordingly test data . - the

different problem areas 1investigated, for two geometricall, *if-
ferent propellers, are summarized in separate documents in v, -

following appendices to *this report:

e WA WY

L

* Data fron microphone MP 8 were only =analysed for the sub-pro- .
gram "Attitude Effect"™ since otherwi.> no additional 1nft«. aa- J
tion is provided. i

o

** A-weighting was applied in terms of  diccrete (1/3-octrave y
band) stepwise weighting curve, .

¢

24




NN L NS

A TR N i A S, O, A S P

Appendix I : Results from the Basic Test-program

{Propeller 1: Thickness 6.4%, Round Tip-shape)
Appendix II : Results from the Basic Test-program

(Propeller 2: Thickness 8.5%, Square Tip-shape)
Appendix III: Test Results on the Effect of Flow Temperature
Appendix IV : Test Results on the Effect of Propeller Disc-plane

Attitude

(Propeller 1: Thickness 6.4%, Round Tip-shape)
Appendix V : Test Results on the Effect of Propeller Disc-

plane Attitude

(Propeller 2: Thickness 8.5%, Square Tip-shape)
Appendix VI : Test Results on the Effect of Engine-cowling

Installation.

In addition to acoustic data analyses each appendix provides
background information necessary for data interpretation accord-

ing to the following table of contents:

Introduction

Microphone Array

Environmental and Operational Test-data

Overall Noise Levels from Direct Analog Analysis
Acoustic Pressure-time Histories and Narrow-band Spectra

Propeller Rotational Harmonic Noise and Overall Noise Levels

~N OV kW N

Comments on Data-interpretation.

Background noise level spectra applicable for all appendices are

included as an attachment to the executive data report.

for completeness, all measured data have been analysed and are
documented regardless of occasional microphone drop-outs or the
occurrence of external pressure-disturbances which tended to
sometimes completely distort the propeller noise-~signature as
has been discussed 1n Chapter 6.2. Under the heading "Comments
on Data-interpretation" therefore instructions are given on how
+0o detect data which should be interpreted with care or deleted

completely.

o Nt
-
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8. Summary
Extensive oise-tests have been conducted 11 the German Dutch

Wind Tunnel (DNW) on two full-scale 2m-diameter General Aviation
aircraft propellers of different geometry, to specifically de-
termine propeller Mach-number, disc-plane attitude and engine-
cowling inctallation effects as related to noise certification
test- and =2valuation procedures. Radiated propeller noise was
measured by an array of in-flow microphcones at a lateral dis-
tance >f akout two propeller-diameters from the propeller axis.
Acoustic deta are analysed in terms of pressure-time histories
and narrow-band level spectra. This report describes the data
acquisition and reduction procedure and provides background in-
formation aecessary for individual data interpretation. With
respec:. to the different problem areas investigated acoustic
data are documented "as measured" within 6 Data-appendices to
this report together with respective operational and environ-
mental conditions.

Acknowiedgenent

The efrorts and the results of this researcn ~roject could not
have been :¢chieved without the help of numerous .eople inside
and outside of the DFVLR and the FAA. Special thrank. ~ to the
German Bundesministerium fir Verkehr, Referat LRI15S Terman
Federal Min.stry of Transportation), Mr. Karl Hierl in par. -
lar, to the German Bundesministerium fir Forschung und Technco

logie, Referat 514 (German Federal Ministry of Research and
Technology)., Dr. Horst Herc.r.ch in particular. Further thanks go
to the excellent and extremeiy "elpful management and crew of
the German-jhutch Wind Tunnel, Dr. i-»inrich Weyer, Mr. Hans van
Ditzhuizen, and Dr. Edzard Mercker in narticular. The members of
the German ind of the American test-c(r2ws are to be commended
for their -.iterally - tireless effort: during the test--..10d

in the tunnel.

FTETFTATNTSTATS T2 T




e d

"-'-“»rv‘

Lot Saloay

ey
L I

' g lar i 4

4 AR

GL3t°0 0€00°0
€889°0 0860°0
60¢9°0 662L°0
2686°0 GELL°0
68LG6°0 <20EL’0

L2eh'0 6000°0
SLLL"0 €9L0°0
h02.°0 LEOL’0
hs6.3°0 0€60°0
8£85°0 6L90°0
60L9°0 L60OL"0
Sh.6"0 L90L°0

1£89°0 0800°0-

L2060 0hh0O°0
86.8°0 H9€0°0
6€9.°0 L1080V
62.9°0 6090°0
6E9L°0 €£60°0
2899°0 6060°0
L2.6°0 188070

tLLL"0 6200°0-

02L8°0 &€9m0°0
608L.°0 861070
88980 269070
8LLL°0 9%90°0
08L9°0 LL90°0

*NHOVW  "4300
"13H 1SNYHL

($%7°9 ssauyoTyl ‘aa112doad 3sal dri-punod) weaboid 3sa] oTseqd

220 2= 0L6h’0
6801 L10E°0
028°'0L €910
Ghe'6 6.92°0
s0N"21L  2622°0
686 °¢- N0LE°0
8EeE"h 9€G6¢°0
€8L°L 6¢12°0
oLL"9 2622’0
6l6°¢ 6892°0
9¢9°g 6102°0
69L°'8 0002°0
618°¢~- HOEEO
0€6°0 8L62°0
981°0 1892°0
ghg ' h L102°0
oL6°¢ 26220
t96°9 8LL1°0
oLh'9 66L1°0
L0%°9 98LL°0
hhOo"€- GLEETO
heL-L 089¢2°0
GGL 1= £20¢°0
1262 61n2°0
8.0°¢ L6gc 0
6£6°2 Line 0
934 -

379NV O11vY

AOViILY  CAQV

—————
—_———— -

NZT—mA NOYOV~

———— -
NN NN

00

ERRIL

aansilliv

0762
0762
0762
0762
062

L ge
L'te
L ge
L ce
Ll g2
Lrge
L'tge

802
8702
802
g ouc
8°02

934

ERBIA

HOL 1 d

I a19®L

R e e L L L T PR

t1=-NG 26
£-50 15
G-NG 26
2-Hd €6
L =NQ 16
9-ND 2Ol
G=-ND 86
L=ND 66
H-ND 001
£-ND 101
2-ND tulL
L=-ND hot
L-Ng (44
19-Nf 26
9-Ng Lq
G-Ng £s
t1-Hg 116G
£ -NY 96
Z-Nt 16
I -Nd 86
[ -NV 89
G-NV 99
=NV 19
£-NV 69
Z-NV 19
L =NV £9
INI10Od “ON

vivd NNY




L4 a\gﬂt

3

~

-

R e T i |

B e

~

o

. v

P A% A

e

e i
S

)

Y
.

w ' e e e by

e

Y

R
LA ity

ey

229870
ﬁtwc.
-krﬂ
5916”7

GlLEh 0
Q€LL°0
L6LL70
HelL9' o
628G 0
10L97°0
181670

LONG" 0
t1906°0
6L18°0
(WA YAN]
291970
th9/. 70
889970
281670

6020
UL VR 0]
068L°0
H898°0
6LLL°0
09L9°0

- =~ = - e e = = e e

"NHOVW
EL

[SIRISTRINS] 8¢20°0
gnGgL 092L°0
heit oo 22¢L°0
3G5¢EL°0 £ohL "0
L0000~ 611070
£1L80°0 £€80°0
601 "0 L6600
L6600 6eh0°0
Lhl0°0 t9/.0°0
HILL "0 L00L"0
ItiLe 6960°0
ho0o° 0 oLLO"0
12h0°0 G060 0
8.¢0°0 Gehn-o
8980°0 20L0°0
129070 £6560°0
6001 °0 2LiN’0
8960°0 0hL0°0
1G660°0 12.0°0
L000°0- 860070
08ho "0 9260°C
6020°0 00t0°C
G890°0 1990°0
0H90°0 119070
L1900 6860°0
*4300 *3300

1QnyH L MIMOJ

(36°8 SSaUYOTYL

86/ "L~
Lel L
Gn8 6
81621t

g6l e~
h90° G
L0E"8
9LE"L
18.°h
hoh' 6
£€82°6

661 2~
£6G° L
heO " L
8h9°6
oLL"¢
éce’L
Gle L
692°L

9L2°'¢-
L86° L
£0€ " 0-
12L°¢
8/8°¢
80L° ¢

RELY

26640
tH662°0
61920
28220

8hLe"0
2£92°0
t912°0
s0¢€2°0
£L92°0
10020
9202°0

89Le°0
86620
089270
210270
2622’0
86L1°0
06LL°0
L6L1°0

OLEL"0
£L92°0
GLoe o
6Lie’0
16€2°0
ieghe o

JIONV  O14VY

MIVLIY

"AQY

!
|
!
|
|
|
!
I
I
“
_
!
I
[
|
I
!
|
!
!
l
|
[
{
!
!
|
I
|
]
!

021
02t
D21
021

9
€
L
S
s02" —
ooe”
qoe- F
9021
802" P
ote”
Lz

€02t
Ltogt
9021
Loe 1
G021

OCN —
66
mom f
Loe- _
20e”
£’ —

WO /0%

"SN30
MO

‘1971adoag 3sal dr3i-saenbe

‘821001
251001
T660D0L
'92L001L

02LoolL
00100t
TL6000L

LOLOOL
TLhiooL
"GELOO0L
*1G1L001

“hhl66
"HGL66
hGl66
hEL66
“hel66
‘EnL66
99166
‘L8L66

‘hEGHE
2Lt66
"2Lh66
'G1666
LhG66
28666

avosvd

‘S34d
M04

G 882
2°682
2'882
8°88¢

888
1682
9882
1" 882
1°88¢2
L7182
97182

7982
6°98¢
8682
6°98¢
67682
9°98¢
9°'98¢
9°98¢2

L°88¢
0°88¢
2 182
2882
6182
L7182

[eZeje el

oC oo coCco

fed

[o}ofeNwXete) OO0 QOOLoD0O COoCcOooOoC

OCOO0OOO OCcoCcOoCcOoOo OO

N1AT3N
"dW3l
MCJ

934

30NV
300i1ieV

‘0
'829¢e
tiee
LLGe

G-

T£99e
2LLe
‘96he
"eLet
*ah6e
‘hioe

.m
"6602
“higl
“thge
“6.61

AN
TGGLL

‘0e-
9861
‘989
"6£82
6602
T6hat

wurxborgd 3ss] oIsed

G

2622
£rent
L°861L

0°¢

Llee
¢'8le
8691
£° 98
0°LglL
L7601

$7L
g'eie
L9l
0.8l
0766
g:602
2 et
818

L6l
L7061
6°6.
6°062
67291
£°601

L71g
6°99
£LG
L' eh

WM~ NN N0

il
it
Lit

[ 24
€At
Lcl
net
61l
gLt
Ll

upa
L/
Gl
2L
€L
Y]
9!/
Ll

4]
(&
08
£8
"y
68

R e e T e ]

NOLM3N

|
i
I
I
i
I
N
|
11
1
|
i
I
I
N
I
I
I
Il roLgg
I
|
I
I
i
il
I
i
[
__
__
I
I
I

1SfidHl

M

¥3IMOd

S/W
*13A

MO14

II =1avL
G601 66 ] t-030
oule 662 | £-00
003l 662 | &=
GogL g6 L-r,
“hoel  hone ‘ Y- 0J
0O0he t { G=-09)
T06ee v e | =20
0O e tthe | t-00
AT W e | £-00
A | B 14 | 2-00
L hthe | 1=00
i
L02 | /=04
L 02 | 19-089
uule  Lue | 9-09
oune  Ltue | G-04
00re LU oe | t1-08
00ohe L 0e | £-0d
T00Le LT0e | c-04g
‘008l L0702 | 1-0d
|
6812 9°12 | =0V
oule 9tie | G-V
00k 9712 ] h-0v
0012 912 | £-ov
00ohe 9°ie | 20V
‘00le 912 | L =0V
|
WdY 930 |
|
033dS 379NV | INI1Od
109 HOLlId | vivag

"ON

NNY




LSS el tatated ) Gd R Bl Gl ok O

%

‘1a119doad 3s9 dr3-punoy) asanzexadwd]l MmOl JO 309334 9yl uo wexboad 3Isal

2868’0 (GE0~’
916L°0 6LL0°
©299°0 2860°
£668°0 Hhnho*
L1LL°0 88L0°
8618°0 19t0°
6€9.°0 L08O°
62L9°0 6090°
02.8°0 ¢€£910°
608.°0 86L0°
0888°0 L9£0°
L8LL°0 €180°
6689°0 6GL90°
gh06°0 L8h0°
5188°0 €£6h0°
6G6L°0 E6L0°
‘NHOVW  "4300

13K 1SNYH

A TN N
»

a S8€0°0
0 ah90°0
0 9260°0

0 L8h0 0
0 8820°0

0 hoHw0 ' 0
0 2690°0
0 LhG0" 0

0 06t0°0
0 6.20°0

0 0Lt0°0
0 0L90°0
0 he60°0

0 9160°0
0 c6h0’0
0 9820°0

*4300
1 ¥IM0d

OOy

H0€"0 049270
Le8'h Lc02°0
Ga8l'e 60¢2°0
£90° L 1692°0
8/0°L- 210€°0
98L°0 1892°0
gn8 h L10e°0
oL6°2 c6ez’o
het -t L 0892°0
GGl L= £20£°0
LAY 0892°0
2€6°h 6002°0
Lh6° e 1822°0
rATAN} £992°0
980°1 189270
GGl L- €20E°0
03a -

JTONVY  OilvH
XOVILILY  “AQY

S NN .-.,..f

2611 '09h66
LGL"L  "0Gh66
Gl L "QGh66
GGL'L 01666
86L°L  "0£G666
‘62986
06L°L 06066
h6l°L 29266
h6L° L  "08h66
68L°L “Lhh66
1€2°L  "89.86
HE2 L "02L86
9€2°L  "00.86
€ES L 142686
2£2°L  "92686
2€2°L  "0£686
WO/O%  1vDosvd
"SNIG “S3ud
MO14 MOTJ
v\. 5 %- \.‘.Q-vlv-.‘, *\

9°862
6°862
2862

2°862
9°L62

0°.182
£°682
1°882

f1°682
€062

L'6L2
£'8Lc
8Ll

2'6le
s'6Le
6'6L2

diW3L
MO 4

OO0 ©CCO OO0 OO0 0O OO0

OCC OO0 OO0 SO0 OO0 OO0

ITONY

antiiiy

SR (DG4

W e 1

h-

(879 SSauwOT4L

2 ont
9 h9L
2°06

£ alLlL
6'¢L

1°261
6°LLL
6°66

9 hglL
9°¢L

G 641
G e8lL
8 10l

0"tLe
i Ll6L
2'8L

L9
9716
9° LS

€ LL
6°9L

2Ll
ST14
2'1s

0"LL
¢ lL

0'LL
2 16
LS
0°8L
¢ LL
¢ LL

‘T3A
MO 4

00Le
"00ne
‘ooLe

‘00Le
T00he

*00Le
‘ounve
‘00t

*00L2
“oonhe

0oL

0ohe

ooLe

€61
‘00Le
*00he

——

cOo ooy TO OO0
NN

[aVE oY

—— - ——

oo oo

WL OO O OOy X VO
NN

IIT ST9®L

£-NM
2-N1
L=NY

Z-NIl
L=-NT

9-N8
G-Ng
-Ng

S-NV
=NV

£-NI
Z-Ni
L=NI

£=-NH
C-NH
t =NH

a8l

931

L8l

681
881

44
£G
fs

99
L9

9¢
IAY
9¢

(31
ht
€€

L L L R

WdY

a33d4S
'10y

010

30NV
H211d

|
|
|
!

INtOd
vivag

‘ON
NNY

29




966870
hesL' 0
9299°0

2646870
oLLL’ 0o

qLl8°0
129L°0
29.9°0

0hli8°0
0G68L°0

1888°0
L6LL°0
1989°0

1988°0
2L6L"O

R L R R kR

"NHOVW
"T13H

‘xa112doag 3ss9L dra-saenbg)

86920
£€e02°0
00€c°0

h692°0
L20¢°0

0892°0
L1020
262¢°0

€492°0
aL0t’o

104270
£€€02°0
2622’0

L0Le"0
g£2oe’o

319NV 01174

‘AQY

L L e e m e -m s 8 % _* . v A AR < 2 o " (R < e

danjexadwag moTd JO 303339 8Yya uo weaboag 1S3] AI S19el Y

(3G '8 SsauyoTyy o

S

G Y

t'862 0°0 2L 6T9nL Gyl Corz2 L0210 £-0M 061 @
h 862 0°0 "ge9e  L'GLL 671G TLtre L1020 2-DM 16l
6°162 00 AL 6°1L6 h1g K 2 L1702 | L=0M 261 o
_
€862 0°0 "06LL 0Tt8L nLd coleg 9tie 1 2-or hél «
6°L62 070 196 9 1L €L onz 9tie 1 1=dr  £61L
~
8682 0°0 "HLGL  LTL9L 0°LL C0DLZ L1702 1 9-28 0L
6°982 0°0 "HhgZ  0°L8L  G'16  C00we L°02 | ¢-08 &L
6682 0°0 "6LGL 0766 2746 oot Loz v n-og gl
|
0°882 0°0 9864  L'66L  8°9L  "00LZ 97t | 6-O¥v 18
2 182 0°0 989 6°6L 0°LL C00hE 9712 | m-Ov 08
!
£°6L2 0°0 "@E9L  mT6YL  9TLL  C00LZ L°0Z2 | £-01  €h
£°8L2 0°0 €162 6661 671G C00WE L°02 | 2-01 2n
Lz 0°0 "gE9L  8'EOL 271§ "00LE L°02 ) 1-Dt  h
|
2082 0°0 '0602 L1902 97LL  00L2 97le | 2-DH  Oh
9°8L2 00 "90L 0°hg 2°LL  00MZ 9712 | 1-DH 6%

|

o m e dme et eeemecmcceeemceeem—eeceemfeeneem———————
NOLMIAN MA S/w WdY 230 |
|

"I3A 0334S 379NV | INIOd *ON

1SNY¥YHL ¥3IMOd MO14 *104d HOLid | viva NNY

NIATIN 034

“dWiL JONY
MO 4 3anLiLLv




.

ST WL

v

L g

TEFITS

o4

€LLL"O
G619°0
Lh8G°0

shl8°0
LL9L°0
h9L9°0

96LL°0
6£.9°0
2£86°0

onl8°'0
G69L°0
9t.9°0

SLLL"O
h6l9°0
8€86°0

861870
6€£9L°0
62L9°0

LLLL"0
1619°0
$h8s'0

L2.8°0
Sh9L"0
RELGTO

GGLL'0
GEL9°0
0€8G6°0

GEl8°0

h99.L°0
L6L9°0

*NHOVW
*I3H

L110°0 06L0°0 H9E€'h  2€92°C || €12°L "94100L 1°L82
9h60°'0  L180°0 685°9  60£2°0 I} w12TL 101001 1°982
9690°0  LLL0°0 010°'n 1892’0 "“ Lie'L "eoLoot 17982
99€0°0  90%0°0 €9L°0 1692°0 || 602°L 29100L 6°L182
96L0°0  hS90°0 lgl'h  €£02°0 Il Gle'l "2LL00L 97982
S090°0  IRS0'0 ngTe2  00€2°0 _" 812"t 2100t grGge
!
tG6L0"0 08.0°0 gf€'h 9¢92°0 |1 902°L °€9000L %°882
L260°0 6980°0 91979 §0€2°0 || L0e2°L "09000L 0882
9.90°0 60L0°0 26L°%  £€992°0 ““ Ll L 860001 €°.82
€he0°0 86€0°0 98L°0 1892°0 |1 80Z't °"261001 ¢2°882
68L0°0  €690°0 €6L°%  6202°0 || L02°L °10100L Z°882
9860°0  ©nG0'0 GB8L'2  60£2°0 ”“ Lig'L  °€EL00L g L82
€9.0°0 L110°0 geeE'h 9¢92°0 [ €12t °G2100L 0°/82
0£60°0  1180°0 OQOLL'9 2622°0 | hie L °69000L 9°982
6190°0  L0L0°0 6G16°%f  6892°0 n“ 2121 '28000L L°/82
©19€0°0  HOHO'0 98L°0  1892°0 || %6L°L °G2986 0°L82
L080°0  2690°C 8hv8'h  L102°0 || 061°L 06066 £°682
6090°0 LhG0'0 0OL6°2 262270 _" neLTL "29266  L°882
!
26.0°0 88.0°0 #w9€'t 2£92°0 1| 2i2'L '4G6L00L 2° .82
GE60°0 €880°0 Lh9°9 00£2°0 |] €te’L °06000L 67982
6890°0 £€2L0°0 0L0'h h892°0 ““ 912"l "LELOOL €982
2he€0'0  €8€0°0 [G2°0  1192°0 Il 602°L °10200L 6°882
28.0°0 8£90°0 ¢€6L°h 6202°0 || G02°L 191001 6°882
0860°0 6250°0 68.°'2 60£2°0 ““ 102°1L 091001 g°88e
99.0°0 €6L0°0 (ifr'h 91920 || 802°L 091001 ¢g°88¢2
L£60°0 6180°0 OLL'9 2622°0 1| 802°L °0GLOOL 2°882
7890°CG 6110°0 180°%h  €192°0 ““ O0Le L °0s100L L°18¢
hG6e0°0 €6£0°0 hEe'o 0892°0 || L02°L °1L100t +%°@88
7n6L0°0 1690°0 €6L°'h G6202°0 || Lt2*L °"2L100L 6°.82
8660°0 B8£50°0 [LW8'2 00£2'0 _" et "1L100L 67982
PR L L L e et DL L L e L P R e R e L P T Y LT
- - 930 - ““ WO/O% vOSvd  NIAI3A
*4300 4300 30NV Olivy || SNIO  "S3ud *dWll
1SN¥HL  Y3IMOd  MOVILY  "AQY Il MOl4 MO MO
- - LT R Yoy YLy -\.\-\,\.\--_4 _ﬂn-,‘-‘-‘.h. 5, o

‘19712doagd 3Iso1 dr3i-punoy)

~

QO © <« 0 0 oCco oQ0o leRVelte} [lelVeRle} ™M My ™
M Mmomn O00 OCO mem

PO M e~

034

JTONY
ant iy

ta
'y r
[

)

"8L9¢
OnGl

‘18ne
"6tEe
092t

9pPN3T33V due(d-osTQ JO 3993FF BY3

h'2ie
—..ﬂW\u_.
9718

67461
29l
6.6

9 802
67661
£°08

9161
6 0L
6°L6

6°802
07161
L°08

L 2at
67111
6°66

6°'LLle
07661
2'e8

6°6hl
n 0Lt
g°'h6

n°2Le
L L6t
w18

6°6nl
L'hlL
0°L6

(8V°9 ssaudTYL
uo weiboid 3IsaL A OIdel

29t
Lot
a9t

G991
not
£91

Lt
SV
691

891
191
991

86
frng
[QRRE

G611
(N
hGl

061
6nt
ghl

€61
261
161

L e e e e R R A L e R R

NOLMIN

1SNYHL

MA

H3IM0d

219 onhe Lge | 9-N1

914 anieg L ve | G-N1

LG ouwt Lee | h-H1
|

€Ll 661 | £-N3

616 [ <-N3J

NG 6 6L | 1-N1
|

£°19 Lee | 9-N{

GG ugre Ltte | G-N4

016 Lte | H=N{
!

2'LL 661 | £=N4

L'1G 661 | Z-N1

9'14§ 661 | L=NJ
]

€°L9 oong LTge | $-HD

271G oole Lte | H-ND

G516 ‘008t L7ge | £=-ND
i

2'LL 00l 6761 | 9-NG

616 ‘0ot 6761 | G=N§

AN 0oL 6761 i t-NG
|

219 00he L7E2 | 9-N1

h'Lg oote Ltge | G=-N1

hL6 ‘ongt  Lge | =N
|

691 ‘00l2 6°61 | £=NT

L71G ‘00he 6761 | 2=-N1

9716 ‘0012 6761 | L=NT
|

899 ‘oune Ltee | 9-N9

214 ‘0oL LUt | $=-NO

2 14 ‘008t LUge | H-NO
|

07 LL 0012 6°61 | £-N9

116 ‘oone 6761 | 2-N9

LA ‘00Le 6761 | 1-N9O
!

S/W WdY 230 |
|

"I3A 033dS 3IIONV | INIOd

MO14 ‘10y HOLId | vivQ

RN EEREXR]

>
k)

R

>
L}

"ON
NNy




. 3G°8 SSaUMDTYL
A *as112doag 3s9] dri-aaenbg) opn3Tizy suerd-osTg JO 309333 SU-° uo weiboid 1S3l IA ST19el
hi
.
r»
] £6..°0 8280°0 6480°0 160°G  8292°0 || L02°1L 202001 6'882 €1 Il "9elz  2rizz  LtL9 Coonz ow'nwe | 9-01 6Ed
) 8€Ly ' £00L°O0 HE60"0 hGe L hHLge2'0 || 802°L  "e8lonl 2'88e €L Il -oge 9191 L°16 onte hwthe G=1 nel
. 1§86 0GL0°0  GL10°0 18L'%h  £192°0 ““ Lte L "zZLzooL 9°182 £°L Il re60 8 L8 216 008l Ywone | el i €64
r Il !
.1., £€18°0 h6£0°0 EERD"0  LGO°L L192°0 || 102°L °061001L ¢ 882 €L o 7ac 2 491 691 ool o2 | £-01 AN
3 199L°0 64°80°0  HOLO'0 [£6°G  €£02°0 |l LL2°L °%GL00% H°l@2 €71 Pl oe¢82 27681 6714 0Nz LU0l | Z-o. Lel
F, 2619°0 +“£90°0 #9600 HGG'E  hH1£2'O0 ““ €12t ‘261001 0°.82 €L Il 73091  9°10L L7166 oot L7022 | =0+ Ot
r, i
! 89LL°0 hitD'0  6£80°0 160°G  8292°0 ] OL2'L °69100L [°l82 9°¢ Ih 1892 ez 119 toone 3.:m I 905 921
3 8€/9°0 LOOL'0  LE60°0 LhE'L 00EZ°0 |l 802°L “L£L00L 0°882 9°¢ [, *62%2  L7I9L  M°LG  "001e hThe | 6-D4 4oL
; 6286°0 €HLO" $9.0°0 619°h 68920 __ 602°1 161001 0°'882 9'¢ ,“ ‘8LEL G798 $TLG T008L :.gm I n=3 nay
| |
b 2€.8°0 LLEO'O  02H0'0 HEO'L  0892°0 |l 902°L ‘191001 9°882 9°¢ Il "696L 07091  0°LL 002 Lo - :
m 999.°0 €480°0 00L0°0 129°6¢  1202°0 || 2L2°t -2L1001 ¢§£°182 9t [T 6182 2°88BL 916 “tunmZ  LTug ! del
;- 06.9°0 L190°0 9$60°0 6.9°f 9622°0 ““ HLZ'L 281001 0°l82 9°¢ Il *H96L €001 €71%  “Oule LTol L-u4 el
I |
@€LL°0 £180°0 €E€80°0 H©90°G  2£92°0 || 002°L -00L00L [‘682 0°0 [l €992 17122 2°L9 ‘oonZ o he | el BN At
hEL9°0 L660°0 6260°0 9LE€°L GOE2'0 || 902°L ‘10100L #°'882 0°0 [l "9682 8°691 6°16 ‘0012 w2 | n-90  0el
628670 LhI0°C  ©9.0°0 L8L°'%H  £.92°0 ““ 802 L “LhLOOL 1°882 0°Q Il gL €98 2°1s oewt owtye £-0D L1l
| :
G118°0 BLED'O G2ZHO'0 HEO'L  0892°0 (] 902°L "hGi66 8°682 0°0 I1 "wiGL L7191 0°LL o2 L0 L ge=ng
(L9L°0 8980°0C  20L0°C 849°G  L10Z°0 i t02°L °"4EL66 67982 0°0 1] "nngz  0°L8L 616 B AR A -39 2 ~
2919°0 1290°0 £560°0 O0LL°E 2622°0 “_ G02°L  "h2l66 67682 0°0 [l "6.61 0°66 216 L2 LTue t-08 €4 ~
L .
89L1°0 6610°0C  ££80°0 160°G 8292°0 || £12°'L °9h200L th-l82 8°¢- || "€n9e  6°€2Z 119 C00nZ wwe | 9-251 8t
0619°0 €£€860°0 €260°0 [twE€'L 00€2°0 |} Hleg't "16100L 0182 8¢~ |l "L6nZ  £°99L LG C0LZ wthe | G6-01 /gl
Oh8G°0 HEL0'0  £6/0°0 18L°h  €192°0 _ GLZ°L 002001 L°982 g ¢~ _“ "9fL  9°6® 16 C008L nth2 | 21 9l
| ]
Ghi8°0 G9£0°0  OLHO'0 LG0°L  2192°0 || LL2'L °*1h200L L°l82 8¢~ |l 6261 9°9G6L  6°9L  "00L2 L'02 | £-01 iht
§19L°0 Lh80°0  0690°0 8%9°G  L102°0 || 912°1 22200l 9°982 8¢~ ] ‘0LBZ 0981 &'LS  0onZ LU02 | 2-21  uni
09.9°0 €190°0 GhG0'0 G8G'E€  60£2'0 _ LL2'L 622001 £°982 8°¢- |l 6961 6'86 9°16 00l L'02 | (-21 6%
I ]
8GLL°0 2280°0 2h8O'O0 8LL'S H292°0 || 602°L 'G65200L 1°882 e l- |l "etLZ  LtG22  0°.9  00h2 hh2 | 9-29 it
0619°0 6660°0 6260°0 hG2'L hLEZ'0 |l €12'L 'HO200L 2°.82 w1 L= |} t0es2 wtI9L LTS 0012 hthe | 629 9n
2h86°0 26L0°0  hiL0°0 GL9°h  6892°0 “ Gte'L 202001 L[°982 nL- _“ 20ttt 088 S°16  "008L K2 | n-29  4ni
I |
LhL8°0 HBED'C  G2H0'0 6€6°0 ©692°0 || 602'L °€£.200L Z2-882 L= |l "€09L €729t N4l 00LZ2 L1702 | £-29 nti
199.°0 £€680°0 8690°0 606¢°G  9£02°0 1) 2l2°1L °"€h200L 9-l82 L= 1l 6182  6°/8L  0°26  00h2 L'02 1 Z-na oh
€Cyosn  Atantn koot cRocc DIC3CC “ HiC'L TUECGOe Glide WwoL- ”" o%4t U VUL  B'LS  00LZ L2702 | 1-09  ani
i
e e e Sttt ek ekt intadd & el bl Ll el D Rl D L DRl kbt R R b R it L L T T
- - - 934 - “ WO/9% vOSVd  NIAT3Y 930 ““ NOLM3IN  MA S/W Wdd 230 |
|
*NHOVIW  "3300 *4300 JTIONV  Olivd || °SN3IQ ‘S3Yd *dW3lL 310NV | *13A Q33dS 310NV | INIOd "ON
*I3IH LSNYHL  ¥IMO4  NOVILV  “AQV Il MO14 MO MO14  3aNLI1lV || 1SNHHL ¥3MO4  MOT4 '10d  HOLid | wviva NNy
2N PALPAIN




LgLL" 0
£nL9°0
5£86°0

0hl8°0
L99L°0
16,970

164L°0
6€L9°0
L£€86°0

heLg'o
669L°0
Ghi9°0

"NHOVHW
"I3H

2880°0
6£01L°0
0¢80°0

h060°0
9880°0
2000

6.80°0
L101°0
8080°0

96h0°0
8.80°0
h0L0°0

*4300
1SnyHL

LEBO"Q
9060°0
99.0°0

8940°0
8.90°0
©160°0

L£80°0
6060°0
99.0°0

h3ho ' 0
$890°0
2860°0

"4300
Y3IM0dJ

370NV
AOVILLY

(sp°9 ssauyoTyy ‘I=oT1Todoag 3Isay di3z-punoy)

uorjeTIe3lsul burTmoo-autbug JO 3093IF 292Uyl uo weiboig 23IS3L

IIA 219EL

0%9e°0
60€2°0
61920

6920
1202°0
G0€2°0

£02° 1
L6l 1L
00e-1L

‘L6166
"hEL66
TENL66

*2L166
‘£0L66
‘€£8066

9°98¢2
L7182
¢ lge

‘£682
6662
"oL6t

2g'tee
rAN oA
098

"'L9
9716
£Ls

‘0one
00Le
‘008!

gLl
hi
6Ll

9-0MN4
G-ON |
UEIOITE]

h6L"1
L6l L
00e-t

£°882
L7182
0°18¢2

*6L02
‘t68e
09t

h'9LL
0081
€20l

noLL
9716
SIS
hrtiee 219

87091 9716
8°68 [ B4

*00Le
‘oohe
‘o0Le

€-0NJ
Z=0NAd
1=0N4

gLt
Ll
9Lt

2€92°0
60€2°0
£€492°0

LI Y
9611
861 "1

"€6166
‘GLL66
19166

L6166
*£8066
128066

1L'88¢
L°88e
9182

‘6h82
‘0hGe
‘98t

‘oone
‘001e
‘0081

21=0N4
LL-ONJ
OL-ONi4

het
£l
28t

.

COS OOO mmm m;mem

h892°0
6202°0
60¢€2°0

h6L "1
96L°1
8611

6°g88e
6°L82
sr18e

“6h02
“h98¢e
‘0941

L' nll L 2L
G 18l 8°16
9°¢0lL aLs

*00Le
‘oone
‘001e

6-0K 4
8-0H4
L=ONA

181
081
6LL

OO0 QOO WVWWOUWYW VWOV

|
|
I
|
|
I
|
|
[
|
|
!
|
|

L e el R B

NOLM3N MA S/W WdY %3a |

WO/9% vOSvd NIAT3A 93a

0l1vy
“AQV

‘SN3Q
MOT4

*S3dd
MOT4

“diWil
MOT4

ITONV
3aniiLLv

ENL
M0 4

@334dS
“10y

IN10d
viva

"ON
NOY

—— e e ———————
s e e e e e ——

!
379NV |
{

{SNYHL YIMOd HOL1d

-

-1--.-..-.4. CRLELERAXY
LN \hbW (S

«
(s

REany,



it A Sl e

TN

LAEAN

LAl SR

i

dy eenrmmmr £ S RS

|

ol el i M Sl

BRRAN RIS

Open

rig Arrangement

w..thin the Core-flow Reqime of the DNW 8x6 m?

Schematic Representation of Test-
Test Section

1

Fiqg.

34

[ 2




. L e &, . T, i 1 . S
SO XSSP Sy NY PR R PARRE AR AR NN Y A R R

Yot e s A -

Y
Lo

10n

-

NIAIGRY
.
* e
alat o o 4.

4
S
e o, Ll

D
(PP AL PSP

,.‘..\

L S

Test-rig Installed in the DNW Open Te:

9
<

Fig.

..... [ AR

L
ag® ~e - PR N AW PSP AL a9 g _I(J.-J-J..‘I -.\\\\\\ --vn-(

PN ] * N i JRLRGAN N B At



e B el FrITIF L . - -
1 M

WAy SISHREATE. B Ry

)

.

4

¢
2,

'»
.

I

Fig. 3 Drive-unit in its Basic Configuration (¥
with the Piper-Saratoga Enginc-cowlinu (.

P S TR
- N A T T T A
{'-'.':-" . AP R ;\_a.'.'_\'._\‘:"‘ - ,'.\_.\':A:‘



The General Aviation Aircraft Propellers of
Different Tip-shapes and Thicknesses as Tested

in the DNW

4

Fig.

wd’
$ 9 %%

s« RAADODY,

Tip~geometry of both Test-propellers

5

Fig.

Ty b e e f. -- -. -.- -. .v. Ly . \-.4- .-nb. ‘-\ﬂ‘k - e -.. K - ...,.. 4 f<
.......-...... ‘-n..-‘s L




s

’,
v

P,

AN

[/
[Py

4

s
‘.

7

D

.’l

2,

x4
LS -

]

A

a

g
18
>

c:

c 8:/100 deg.

t/

CreR

Fig. 6

8, /100 deg.

t/e

Cre R

Fig. 7

..'(:;':;".‘::;":-"..:f‘; BAEOEN AP NN A

0.4

0.35 -3

0.3

0.25

Q.1

0.05

0-r
0.2 0.4 0.6 0.8 1

Radial Station re Radius
Q Chord re R + t/c o> Twint, 100 -Jey

Radial Distributions of Blade-chord, -thickness
and -twist for the Round-tip Propeller (F8475D-4)

0.5
Ls e
0.4 ~ T el
<>
0.3 - o
°
\\ L
0.2 + \\
\\\
— T
0. T —
————
o
0 1 T 1 T T —T
0.2 0.4 0.6 0.8 1
Rodigl Stotion re Radius
o Chord re R + t/c > Twint 100 ey

Radial Distributions of Blade-chord, -thickness
and -twist for the Square-tip Propeller (F9684-14)

38

E TSP R S
- ._-.__.\\.\._-_

REY XS Dunmwwy, vy o

o mm— a8 F P

P I R S




¢
]
!. I
) M8 — 30° Upwards
« M3 — 30° Downwards
: M1 i
. TN T MY . S _]“ T
-~ M3
: Tel tE M 10°
— T O~ . M6
s ' g - ". .'| o ST~ Z M7
e Lo i N
. |“ »Il ‘' ", \ ".'
) ‘J‘ \‘\ l“ “|| : .';' "\
? ‘.‘ ‘._l 4 ,'o S \
j ., +«15° 75 -7'? _260 ‘ |
\ +30° Lo i : S
Vol P _4go  Radius &m
. : '.\ ‘ , pd
o
Plane of
o ¢ ! Rotation
- __.._‘__ ———A———--—Propeller-axls _
- j
7 Fig. 8 In-flow Microphone Positioning
h
- h
+
L <
< h
;
-':' '
- v »
3
~
v,
’, }
42 ¢
-
'u
> Fig. 9 Front-view of In-flow Microphone Arrangement :
in the Open Tunnel Cross Section
e
N f
< 39
* hy
- d
_‘
T e A N T T e e T N e
2 ‘l. 'A L.A' .l-.A. 'l‘ 'L- ’l. .A_P " * '-’.\' .A..-’.“-.A‘ .“. -A ‘. -\.h > :“A.'- 3 -P. .'.-‘L‘."..' ‘-.)- . ;‘ ‘.P‘ "‘3"‘" \'L\‘-il‘ :l'.&‘:"l._.k-_i




b P

._J
v
o
)
\d
~¢
\l
s
Y

MP 1

‘
-
a

2*s

v gl g

Fad's

;o
.

MP 2

AN K A AR R It s R A S L A

MP S

MP 6

N ul
- =
- |
=
) B
W MP 3 MP 7
>
W)
) !
ut !
&
OpF- - =
w
=
<
-
vy
o
MP 4 MP 8
0r - o ——— —
f——————— 20 ms —
TIME —————=
MP §
Explosive
I
ﬂ ot SR SN SR Np—
H C— e — O
“ In - flow
Microphone
b———— 20ms —

Propeller Blade-tip
Horizontal Plane)

40

TIME ————

Fig. 10 "Bang-test" Results for all In-flow Microphone
Positions with the Explosive Charge Fixed at the
(Blade-axis at 90 deg to the

..
bR

L VY

T
» sl e

N
<
‘.I
~
L A -\." RS RY SN ..

" . .‘ ‘.". * _‘- -‘-.... . - .. ‘-‘ R ‘. K o
e e A et e B -_"-.:.;"A. PTG N Nl S W, FR. R




)

*

&

% MP 1 B MP 5

p”

"

! Ot-— — ——— e 0 [— Mt(ﬂrﬁl\w’%wvm-——<

MP 2 MP 6

%
|

MP 3 MP 7

) ".-./"/.'.".."'f_ .

v

RELATIVE PRESSURE AMPLITUDE ———

Y
E:-Z MP 4 MP 8
o |
L2 i
:I_» | i
0 |- L st Ot —— ~—
’d \/
fp—— 20 ms —
: TIME —————
MP 9

i
O L J_\__/,.v. sz\"/;w_y_...v‘ A s —— !

In-flow
Microphone
P 20ms -
TIME ————»
.; Fig. 11 "Bang-test" Results for all In-flow Microphon

Positions with the Explosive Charge Pixed at tin
Propeller Blade-tip (Blade-axis at 1.0 gt v
Horizontal Plane)

e LR R I
S

. SRR R S SN P
DI G P P A R R VAP WA W WL AT DL Y Y

. . ..
'~ -




o ¢V " SEmy & ¢C_T.%." " & SEEEES 07

" "ol ) w A el 4 A N S T
Ty '_‘-,_-__',.1;».-,';"_. ARA R

[DATA FOINT: AN-3  FUN: & 1P 5

20.8° MH: (8688 n: 2700 rpm  vsur 242 0 0% T 267.9 K

AVEFACE (SO0 TIFE W, TT(RY (4F < 25 %)

102 ey e S S B

PEAK PRESSURE - Pa

-130 ~ MEASURED TIME-HISTORY i

-------- APPROXIMATE “CLEAN" omprie e o

‘HME-HISTORY i “”"
-200 b —— oo o S S S
.Q Lo 1.C
Tiie - FEV,

POWER SFECTE. OF AVi: ACE TINE HICTCT)

126 ‘ — T T T ." Y
! T‘,‘wp\ CF= 11,2 Wz

. <3 e MEASURED HARMONIC LEVELS
Yoe - ENVELOPE OF "CLEAN" N
] ' WT" HARMONIC LEVELS
o .
p 183 - R |
4
53]
Cx —
[e0]
]
]
: _
| i
| LLA_,’ |‘:\
-
a— o 5 ETE -
FREGHT v :-\
N

Fig. 12 Example on the Detrimental Effect of Sound
Reflections (Microphone Position MP 5) on
a Measured Pressure-time History and the
Corresponding Narrow-band Level-spectrum

42 ~

- . PR Tt '.'-'.'
TR T A L LU P G v, S Wh W&V 7. VL V. Ve S m

PR IR WY DL Ty, ey 1




/. .".4’.. .

[
.

R DN

‘,'..-.’

T LT

110

dB

100

80

80

70

—~ 60
e ]
a
(Te)

N S0
o~
w

@ 40
o

2 30
-
4

x 20
a

g 10

a dB

% 100
)
o
(V]

Fig.
,..\_*

. P v e - . : -
LU T N N T T Y - - LR L5 - - - - - . - . - - - - - - - ~ -

MP 4 semee---eeee Yz 00 m/s
-4
af=11.2 Hz Tt e

. \ AN -
‘-_\ . ‘/ \.—-—' \ _/ \ - -
NAE ~ (R
. ~— —_— -
- SN - =
\ N TS~ N
N ~
~ " ., N\ .
- AN \\ g \V \.__ . -
.\. ~
1 | |
T | |
F V=51.2 m/s —— MP
A af=11.2 Hz — M2

13

0 v,
rara '...‘!_. _.“A.P) -‘-.‘EA“\A“‘ Y

FREQUENCY

"Background Noise" Narrow-band Spectra with
Propeller-blades Removed as Measured for Different
Tunnel Flow-velocities (Top) and Microphone Po-
sitions (Bottom)




- - - B f v .,
. » . WM SN WELE VIR A A - ) R SO R R R S R )
Pl an i of L ot 2l DiE o oAl 4 - Lol oL RS X - it

Thrust 1

Thrust 2

Torque Electric_Motors Pulse Generator
512 and 1/rev.

Membran
Beormg

W/ U

\

5\

\Support Pylon

Fig. 14 Schematic Representation of the Measurement
Principles for Operational Data

200 ey e 1 R B A A
Spinner Dicmeter ¢: 036 m
Air-Density §:1185 kg/m! ;
N ne .
§ Md" . .
Orag = ¢ 7 Y K

150 |~ From Experiment ¢, : 051 J

o
3
T
1

AERODYNAMIC DRAG ——— — -
%)
o
T
1

ORI N SRR I I [N SR S
0 10 20 3G 40 50 60 70 m/s 80
TUNNEL FLOW-VELQCITY —— g

YA RN

-

Fig. 15 Test-results on the Aerodynamic Drag of !
the (Nonrotating) Propeller- spinner




Square-tip Prop. F 55004
« | ] Round-tip Prop. F 52976

-
-

’\

2021deg.

3} Square -tip Prop. F 55005
Round-tip Prop. F 52972

~ &m —=,j

\

.

- . . c s .

> Fig. 16 Propeller Azimuthal Position for Trigger-

3] pulse Release (View in Flow-direction)

',

.

<

,

. DIG!ITIZED TIME-SEQUENCE —— ----
Number of Samples:

- 4x512= 2048

) .

‘. @

- rev.

]

.

A

: I

. w f //
‘.\. S5 . Data l

) 2] ‘ ' .

Al 1Y, ' =-Transter

o ¥ : : . ~10 ms

* a 1 1 1 A S,

to tos1 80 to+280 to+ 380 toet 89 to+5 80

i TIME -—

'

=,

ﬁ: Fig. 17 Schematic Representation of the Digitization-
- procedure Applied to the Analog Data for

. Computer Analysis

v
W,

v

L

L

o
Y
::j 45 :




— Bk Aol TRAK Ul e e S N S
A I wa k Aok ik A S A S A S Selt S TR < P
L3 . . e T4 B BRI

LR Sal Sudh sl il Nt LA

| §XAAR

bad
L]
4l

~ '.{(.’& A

»e

",
“

TR

X
v

: UNDISTURBED
; TIME -~ SEQUENCE

PR SR

il

AP .
pmm

L

Pressure ————a=

SO PR

1 Time - Sequence
{ 4 Revolutions )

T

j: DISTURBED

‘ TIME - SEQUENCE
1 ;

. Time - Sequence is

A

g ‘ P Deleted if
v T
) : ap>F-apmin
& !

F =Disturbance Factor

Fig. 18 Selection-criteria to Delete Time-sequences
with Obvious Pressure-disturbances Prior to
Signal-averaging

o

.« -
In el

[MCRENE A
" ."'A"

(X IR AR »

46

4
', ]
~

PRI ARt AN e T

'. "y ‘- . ., .‘ pe -~ N s N
- : - 3 :‘ :. 1:".‘._.n_t-\’fn' {‘,(

'-g' e g™ , -
o RO YA P e s,




sia s EEY P S

BIELYY

N

»
4 8 8 & -I

LANAANA

[ DATA POINT: AN-3 RUN: €95 MP: 4]
B: 20.8° MH: .8688 n: 2788 rpm v/ u: 242 o: .0° T: 287.9 K
INSTANTANEQUS TIME HISTORY
1900 T — T
PMAX= 75.9

50

-50

-1€0

PEAK PRESSURE -~ Pa

-150

PMIN= -154.8

-220 i ! |
.0 .5 1.0
TIME - REV.
AVERAGE (7@)> POWER SPECTRUNM
DF= 11,2 H2
110 - -1

P ¥

ool

80

SPL - DB RE 2E-5 Pa
W
©
T

WU

<
T S ——
/‘:_k—b
\“‘-)-_
<z
.{'3-—
(_5
C‘ —
Fa
7 |

7€
'
EC 4 } -— !
2 19 20 30 40
HARMGHIC NUMPER
T T Y B A S St
19 ! 2 3 KHz
FREQULNLY
Fig. 19 Example of an Instantaneous Pressure-time History

and an Averaged Frequency Spectrum as Calculated
from all 70 Instantaneous Spectra in Case of a
High Signal-to-noise Ratio




THRT T AW e F g Vg a0 ¥ P ¥ ¥ o u¥.,.¥%W " e s« ¥R
b S v e A ahii il ARAS L O A T Sl S

| DATA POINT: AN-3  RUN: G MP: 4 |
B: 20.8° MH: .8688 n: 2700 rpm  vsui 242 ¢: .0° T: 267.9 K

AR >

. &

A Ay
»

AR

AVERAGE ¢7Q) TIHE HIGTORY (4P ¢ 25 %
- T i -

1C0

FMAX- S6.0

L v oLl
LhRE

hh%

e

. .‘"A.

Il‘ C'
N fe Ty,

-ie0 b I -

PEAv. PRESSURE =~ Pa
|
(8}
(o]
—
1

-150 + —

PHIN= -169.7

-202 L —_ 1 I S
.0 ) 1.0
TIME - REV.

POWE® SFECTRUM OF AVEEACE TIME HISTORY
i T T
’ DF= 1.2 Wz

e r —
o
o
m130~ ’ ! —4
lféj ,::::';'l
uq:’rﬁh‘idllfﬁ_‘ B
IR AR R I |
> E»\')H AR

’ﬁ?f[ E “

| i
{ ’.!{‘U{z,, H‘H i
tlj RN ARER R NY l “H |

| o ' ]
g A l‘ """Hl{ﬂf"r'f‘l!i‘f, "' |
R O I T O S N S S N B L

S L N T i o M i
R U RS --
£ l — ,A! [‘L '-] 1 ” TR DTN T S I TR S L‘.‘:Y1 ‘ _ | L‘,‘ LAL;Aq; :
Q s . { .
bor bk t - :
o I T ‘

bt

Fig. 20 Example of an Averaged Pressure-time History
(from all 70 Instantaneous Time-histories)
and the Respective Frequency Spectrum Incorpo-
rating the Lowent Value of Disturbance Factor

© el v mmmm s O

F = 1.25 in Case of a High Signal-to-noisc
Ratio




gl all s

PSR NOME Y

~

ry
. PP A A

P T )

B}
a r,

B 2o BoY )

OO

l.\‘.‘\\‘._‘._

N
o

L

DATA POINT: AN-7 RUM: ko MR 5]
B: Z2.8% MH: 7174 n: 2189 rpm  vou: L2310 0 0% T
INSTANTANEQUS TIME HISTORY
30 — T - 1 N
PrAX= 24.8
o
[+
. Mvﬁ
W
Q
]
wn -
(%2}
L
O
o
N 4
-
w
Q.
PHIN= -43.6
-59 1 ! ! J
.8 .5 1.8
TIME - REV.
AVERAGE (€4) FOWER SPECTRUM
129 T T T
DF= 9.1 Hz
119 - -
!
o
> \
n 108 <\ .
1
¥ 90} \‘.’ .
m
o
1
ag MMW./‘\ |
2 WYL
v WM"W\/\
er Nty
€60 — } 3 1
Q 10 20 30 40
HARIMONIC HUNBLR
f; ; 4 2 Kiis
FREQUENCY
Fig. 21 Example of an Instantaneous Pressure-time
History and an Averaged Frequency Spectrum
as Calculated from 64 Instantaneous Spectra
in Case of a very Poor Signal-to-noise Ratio
49
TR SR SRR LR T T e T T T
LY ‘)l-'A) .Ag\‘ R S S Y e®aa of o P o an




[DATA POINT:

CAN-T R v

AAAARAS  SNARSEEES

B: 20.8° mMH: .7174 n: 2183 rpm ovour L2310 ¢ 0% T 261.0 ¥
AVERAGE (€4) TIFE HWICTCLY 47 ¢ 144 o
38 7 T B ‘
PHAX: 5.0
20 =
o
\*. g -
’ ' T T - — — 7/"_‘./-:__1~—:’1‘
. w
, %
a )
. 2 §
) w
v-,: o
', o
P v -
-«
jed]
a
-30 - _
-qe —
F Frlt= -15.8
-Sp 1 i H !
) .5 1.0
TINE - REV.
, POWER SFEFMTAUM OF AYEFACT 1100 HIGTOR(
e T i ) T ]
OF- 3.1 K 1
189 -

2E-5 Pa
W
o

sty

g it o

e et PRy
BN AP ST S I L Wt

i
Y
v 89 ‘ l' ;, i -1
PO i
5 |l
} " I
_ 79 I \W V , i A -
0N A
n ’ ‘{\h-’ !i’ ““}l l
co } l bl ‘Hl“ 1
o [ RER R UNTR I \ —
' l }J i‘v |l¢“ ) “}\
IR LS e
SN ) z'w' i ) L
op I __!J Jr_&'H _h”'”_!J._!\i KRR
o 10 oo 40
AR T IR
e I L ke
Fog bt o
Fig. 22 Example of an Averaged Pressure-time History
(from 64 Instantaneous Time-histories) and
the Respective Frequency Spectrum now exhibit-
ing an Adequate ("Enhanced") Signal-to-noisc
Ratio when Compared to Fig. 21 (Due to Intense
Low-frequency Backdround Noise the Disturbance
Factor Adopts the Value of F = 2.44)
50

2

u
—
W

) ‘.. .‘l"‘ .J .f

.
e e

Y PO )

ORI R e .-_". SR _.\ RO
TP S SO ) TSP e DT R NPT S .!... W > .&M



| DBATA_ POINT: AN-=7 RUN: 68  ©MP: 7 1

B: 20.8°
200

100

-180

-200

PEAK PRESSURE - Pa

-39

-400

140

130

[N
Q

100

SPL - DB RE 2E-5 Pa
®

90

ge

Fiqg.

-
Pl
o

LN
PLY I

Oy

U
R

et T A e e et
PN S

e e
. P P ey TP R

MH

7174 nt: 2189 rpm  vosut 32310 d: .0° T: ZS1.0 ¥

INSTANTANEQUS TIME HISTORY
T

PMAX= 126.2

PMIN= -376.6

1 L |

-506
.0

AVERAGE (70) PCWER SPECTRUM

.5 1.0
TIME - REV.

T T {
DF= 9.1 Hz

—

gy

| | 4 |

uMM‘M\W\/mM Mo

10 20 30 40
HARMONIC NUMBER

23

—_— —

FRECGUELCY

Example of an Instantaneous Pressure-time History
and an Averaged Frequency Spectrum as Calculated
from all 70 Instantaneous Spectra in Case of a
Highly Disturbed Prcpeller Noise Signature




P it Qaft et BN SU SR R

3 'l%' »

R

[DATA POINT: AN-7  FUN: ©5 P 7

B: 20.8° mMH: (7174 n: 2183 rpm ovoulr J3XT & 0% T o2g1.0 0¥

X: Af

2,

YN

MY )

7
>
<
n
n
s
al

CTON TINE BICTTI L (AR O 406

30 ot h S J e S T A e

.

-
1
»r
s
J
[\o]

+

[

)

A
O

e

»

NaNNN
PEAK PRESSURE - Pa
]
& ®
<
|
f
i
)
/‘l/
R I
T

———d

_38 — —

el ]

FrHinN- -25.56 ,'

Sy Y ]
.0 ] [N

TIME - RV,

POWEF SEECTE M OF AVESSGE TIFE HISTOR

120 = i ‘ ] o
S0 hz f

ne ) y

o i' MI L}

a VW L

» 100 rh\_l -

4 A

: an l"‘.l;m)!ll

O B R T —

% ’{kV%HWW‘Wh

, 80 - ] r‘ r;?f“ ) ! l"'\ Hp i
of I J. 4l

f "-'!H" "’ f"‘ w I \h'

ol 'LL~—~ ,,,_,_‘ ) LLJLJU

e e 20

T

=
-
=
-~

EN
ko)
w4l

o s

(W]
-
¥
.
[
- .J‘_‘:-

P

Fig. 24 Example of an Averaged Pressurec-time History
(from all 70 Instantaneous Time-historics)
and the Respcective Frequency spectrum Incor-
porating a Disturbance Factor of I' = 5.9¢
{Due to High Pressure-disturbances the Pro-
peller-noise Signature is Completely Distorted)

52 .\

. -
Pa

[ R A

]

P
.

. . .o A e e e ERCAT
I R N N ._.ﬂ ', R SO s .r_.-f-uh-f e

) : e
' P4 \&L l- A-




PN X

'3 o

FARS A 4

=Sefh

3

4, "?
F

s*‘l

» L, -’

F R

r
£

&

5'!'

. A, A

)

e

YN

P

o 1

AR

oo
o'

«t et
LA

LAY

.
S

LY

]

' AL
AL N ¥

,|

XY

L

.

R N A
2 e T Tt e

e e B
P LT TR
LA RN S SO SN

DN¥ PROPELLER NOISE TEST

MICROPHONE: MP & ( PITCH ANGLE: 20.8 DEG )
Dt TR iy gy gy S +
I DATA-POINT / RUN |
| I
| AN-1 / 63 H AN-2 /64 [ AN-3 /65 [
D T $oeoen- teemmnn emmenan - 4o tHoeneme- L e —— RO — +
| HN || F | SPL | SPLA || F | SPL | SPLA|| F | SPL | SPLA |
tecoodtoccanan temmnn e Hemmmnne Foemeon $eemmnn themmmen e —— R —— +
| 11| 70.0 |108.3 | 82.1 || 80.0 |112.9 | 90.4 || 90.0 |116.9 | 97.8 |
| 2 1] 140.0 |104.3 | 88.2 || 160.0 [108.4 | 95.0 || 180.0 |114.9 [104.0 |
| 31l 210.0 | 98.2 | 87.3 || 240.0 [106.7 |100.1 || 270.0 [116.9 [108.3 |
| & }| 280.0 | 95.7 | 87.1 || 320.0 [106.1 | 99.5 || 360.0 |114.9 [110.1 |
| 5 |l 350.0 | 92.7 | 86.1 [[ 400.0 [102.4 { 97.6 [| 450.0 [114.1 [110.9 |
| 6 1] 420.0 | 89.0 | 84.2 || 480.0 |101.4 | 98.2 || 540.0 [112.4 [109.2 |
| 7 1] 490.0 | 82.1 | 78.9 || 560.0 {100.3 | 97.1 || 630.0 |113.6 [111.7 |
| 8 || 560.0 | 80.5 | 77.3 || 640.0 | 98.3 | 96.4 || 720.0 {111.1 |110.3 |
| 91l 630.0 | 78.1 | 76.2 || 720.0 | 93.9 | 93.1 || 810.0 |110.8 [110.0 |
| 10 || 700.0 | 67.8 | 65.9 || 600.0 | 92.8 | 92.0 || 900.0 [109.9 {109.9 |
] 12 |) 770.0 | 68.1 | 67.3 || 880.0 | 90.7 | 89.9 || 990.0 |108.2 |108.2 |
| 12 || 840.0 | 63.3 | 62.5 || 960.0 | 86.2 | 86.2 |[1080.0 |107.4 |107.4 |
| 13 || 910.0 | 0.0 | 0.0 ||1040.0 [ 85.9 | 85.9 |[1170.0 [106.9 |107.5 |
| 14 || 980.0 | 0.0 | 0.0 []|1120.0 | 83.3 | 83.3 ||1260.0 |103.4 |104.0 |
| 15 §1050.0 | ©0.0 | 0.0 ||1200.0 | 79.7 | 80.3 |]|1350.0 [104.4 |105.0 |
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