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SUMMARY

This report presants results of the far-field pressures measured from three
different types of moving sources, These acoustic sources consist of a
point mancpole, a small model Jet, and an ajrcraft, Results for the pressure
time history produced by the point source show good agreement with those
predicted analytically. Both actual and simelated forward motion of the
model Jjet show reductions in nojse levels with forward speed at all angles
between the source and observer, Measurement with the ajrcraft over both
an anechoic floar and over the ground yields a methed for evaluating the
transfer function for ground reflections at various angies between the
moving afrcraft and measurement position.

INTRODJCTION

‘This report discusses three types of expariments on moving noise sources and the interpretation of the
measured far-field pressures. The experiments consist of {) a point source moving above 2 finite
impedance reflecting plane, i1) a model jet in actual and simulated forward motion, and 1i1) an
airpiane flyover with and without ground reflection effects, This work is an integral part of a
prediction scheme for the effects of forward motion on noise radiation. From the practical peint of view,
one must account for the effects of motion of the sources and their location relative to nearby scattering
surfaces,

In section I, preliminary information en the motion of noise sources {s obtained by Tooking at the simplest
source, the point monople {Ref. 1). The experiment is carried out using a small monochromatic source

which behaves 1ike an acoustic wmonopole when statiopary. The purpose of this experiment is to determine
the behavior of the source when in motion at constant speed.

There are different types of sources that radiate in the same manner in a stationary medium but radiate
differently when in motion. The present experimental source consists of a time rate of introduction of
mass, 50 it should behave 1ike an acoustic monopele in the wave eguation for the velocity potential, The
experiment was designed to determine if motion yields the expested changes in source directivity.

the source was positioned above an autemobile via a guy wire supported mast. The automobile was driven
at constant speeds over an asphalt surface past a stationary microphone. The resulting measured *‘me
histories were then compared to analytical computations of a monopole noving above a finite impe .ce
reflecting plane.

Section Il reports experiments of a model jet in both actual and simulated motion (Ref, 2). The mode)
nozzle was first mounted above the same automobile used fn the experiments reported above, The vehicle
was again driven past stationary microphones in order to quantify the effects of motion on jet mixing
noise, The nozzle was then tested in an anechaic environment with a free jet simulating the forward
motion. The results of these two methods of obtafning forward speed effects on Jet noise are compaved.

In section 111, tests conducted using an airplane {a T-38 NASA trainer vehiclie) are reported. Heasurements
were taken over an anechoic floor as well as over the ground, and auto-correlations of these measurements
were obtained for short time intervals corresponding to & particular position of the aircraft. These

show the direct signal for the microphone over the anechoic floor as wall as a combipation of the direct
and reflected signals for the microphone above the ground.

The simultaneous processing of the signals received by the two microphones permits one to determine the
transfer functien of the surface for a large range of frequencles and source positions. This approach
will permit correction of flyover spactra for contamination by ground reflections.

The results of these three tests are presented and discussed together with recommendations for future work.

I. POINT SOURCE IN MOTION

The experiment was conducted by placing a point source above an automobile, and driving it over an
asphalt surface past sideline microphones., An analysis for ap acousti¢c monopole moving above a reflecting
plane was made and resu1ts from the experiment and analysis are cor -ared for different forward speeds.

L. Description of Experiment

The experimental source consisted of a 60 watt acoustic driver necked down to a 1.52 cm diameter

tubular opening. When driven by an oscillator at a discrete frequency, the output of this source consists
of tones at the oscillator frequency and its harmonics, By appropriate filtering, the measured signal
consists essentially of a discrete frequency.
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The source was positioned 7.9 m from the ground above an autumobile via a guy wire supported mast (Fig. 1).
An oscillator located in the trunk of the vehicle excited the source at a frequency of either 1230 Hz or
2310 Hz. The automobile was driven at constant speeds rangin? from 13.4 to 44,7 m/z which were recorded on
a strip chart within the vehicle. Sideline microphones were located at a closer approach distance of

11.0 m and positioned 3.05 m and 6.10 meters from the ground surface. The experiment was performed on an
aircraft runway consisting of a 16.5 cm asphalt surface on top of a concrete foundation.

= POINT SOURCE
-

Figure 1.- Moving point source experiment.

The pressure signals were measured with 1.3 cm diameter condenser microphones and recorded on magnetic
tape. In both the recording and reproduction stages the data were passed through a band pass filter set
to pass all the frequency components possible due to the Doppler effect on the oscillator frequency. The
analog tapes were digitized at the rate of 10,000 points per second.

The oscillator frequency was set to an accuracy of + 1 Hz. Vehicle speed varied by no more than + 0.5 m/s
over the test zone. The frequency response of the recording and analysis system was estimated to be flat
within + 0.5 dB over all frequencies of interest.

B, Analysis
For the monopole of angular frequency w and strength q, moving with constant velocity U 1in the x
direction at a distance h above the x-z plane (Fig. 2), the propagation is governed by:
02y (x ys 2 1) ® = qge” "t s(xut) S(y-h) 6(2) (1)
where CJZ is the wave operator, . é? 3%7. and | 1is the acoustic velocity potential. Specifying

the x-z plane to be a locally reacting surface of normal impedance ¢, the velocity potential must satisfy
the condition:

% %Y E z %} W(x- Y 2, t) =) at ys= 0 (2)

where I = t/pc and pc is the acoustic impedance of air.

Through the use of a Lorentz transformation and a subsequent Fourier transformation on the spatial
variables, the solution valid at a sufficient distance above the plane is

; 2 2 2
W(xn Yo Z» t); (qoldﬂ) éikY (Ct'"l) (eikY R],R] ¢ CR e1kY RZ,R2)| (3)

where
Ry = [(x = Mect)? + ((y - )2 + ()32, (4a)
Ry = [(x = Mct)? + ((y + M) + (2m)%) 2, (4b)
Cg= 2+ 1) - vP(Ry + M(x - Mct)) (4¢)

2y + h) + v4(R, + M(x - Mct))

Note that if the Mach number M 1is set equal to zero the solution reduces to that for the stationary
source (Ref. 3) with the reflection coefficient given by

Cp = (Z cosa = 1)/(Z cosa + 1), (5)

where o = cos‘l[(y + h)/(:2 + (y + h)2 + zz)]fz] is the angle of incidence. This stationary source
solution 1s stated in reference 3 to be a very good approximation as long as the observer is not closer
than a half-wavelength to the boundary surface.
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Hence, in addition to the well-known convectfon effects on the form of the direct and reflected waves,
source motion fntroduces a convection term into the reflection coefficient. This convection term ip
Eq. {4c) is seen to be more $mportant for small values of impedance and large incidence angles (small
grazing angles), and increases in significance as the source velocity Increases,
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Figure 2.- Source nioving at constant
velocity above a ground plane,
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The acoustic pressure 15 obtafned in the usual manner from the velocity patential by

p(xy ¥» 2o t) = - p3 Blx, ¥, 2, t}A L. (6)

C. Results and Comparisons

To investigate the effects of motion on the experimental point source and the extent to which the observed
signal can be predicted analytically, various comparisons of the time histories were made. These
comparisons are shown in figures 3-5, in which the mean square pressure in dB is plotted against the
normalized time Ut/o, where U s the source velocity and ¢ 1is the closest appreach distance. The
analytical mean square pressure was computed at discrete points in time from Eq. {G), whereas the
exparimental values were cbtained by averaging the dinitized data over a time interval correspending to

a glven {ncrement in the source travel distance. Thes comparisons below include the effect of analysis
time on the perceived results and the effects of varying source velocity and observer height.

0 ~I'l| . )
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I
-ihl
.20 _f«./‘ NW\ Figure 3.~ Effect of analysis time on experimental

noise-time history. Source freguency F = 1230 Hz;
source velocity U = 13.4 m/z; observer height
h = 3,05 m; anatysis time: (a) 1.52 em/point,

U. V'rNW\Wh\Tﬂf\f\/,\‘\ \b) 10.7 cm/point, (cj 152 cm/point
(]
nl PAYAAL

NORMALIZED TIME Ut/o

lo see the effect of analysis time on the observed sjgnal, one of the experimental time histories was
analyzed using three different analysis times. In figure 3a, each plotted point corresponds to 1.52 cm

of source travel distance (1.52 cm/point), whereas 10,7 cm/point and 152 em/point were used ip figure 3b
and 3c, respectively. Each of the first two curves show the pattern of alterrate reinforcements and
cancellations caused by the reflected wave, although the magnitudes of the cancellations are seen to
differ by as much as 10 dB between the two curves. (The samg phenomena was obtainable with the theoretical
results when different time intervals betwsen computed points were used.) This not unexpected fact
iTlustrates that 1ittle information about the reflected wave from an acoustically hard surface can be
cbtaiped from a consideration of the magnitude of the cancellations. Figure 3¢ shows that the details of
the reflection process are lost if the analysis time is not chosen small enough.

SOUND PRESSURE LEVEL (dB}

A comparison of the theoretical and experimental results js given in figure 4 for the two different ohserver
heights, The time interval between computed points for all the theoretical curves presented was chosen to
correspond to 10.7 cm/point. Superimposed on each of these curves 1s the signal that would be received in
the absence ofthe ground surface, obtained by using a value of zero for the reflection coefficient. The
value chosen for the normalized ground impedance in the theoretical curves was Z = 4 - 14, a value
indicative of a fairly hard ground surface. One can see a good agreement hetween the curves both in shape

-and in the time intervals between the alternate reinforcements and canceliatiops, Decreases in the time

interval between successive reinforcements and cancellations are seen to ogccur iy both the theoretical and
experimental results with increasing ground to observer distance.
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The effect of source velocity can be seen 1n figure 5. Since the time axis has been normalized by using
the velocity, the shapes of the observed signal are the same, (The erratic nature of the experimental
curves with increasing velocity 1s due to 2 smaller apalysis time being used as the velocity increases.)
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Figure 4,- Variation of theoretical and experi-

mental nofse-time histories with observer height.
Source freguency F = 1230 Hzy source velocity
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Many of the above results are qualitatively predictable from a simple consideration of the time and
lungth scales involved. The purpose of the comparisons presented is to show the good agreement in the
shapes of the experimental and theorétical results. This agreement gives credance to the assumption that
the experimental source indeed radiates in the same manner as a theoretical monopoie in motion.
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Figure 5.~ Variation of theoretical and
experimental noise-time histories with

: \ e source velocity. Source frequency
0 F = 1230 Hz; observer height h = 3,05 m;
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11, MODEL JET IN ACTUAL AND SIMULATED MOTION OF Dol QUALITY

The mode) ncizle was mounted shove the automobile fn the same manner as the point source and driven past
fixed microphones, The nozzly was then mounted Tn a anechofc facility inside a large free jet simulating
the forward motfon. These two methods of obtaining forward speed effects on jet mixing noise are compared.

A, Tests with the Vehicle

The noise generated by the automobile in motion was estimated from the test discussed in section I. Since
the vehTc¢le noise is predomirantly low frequency, a high pass filter can be used to suppress much of

this background nofse. This necessitates the use of a high speed, small dfameter jet to maintain the
spectral peak of the jet noise above the tow frequency cutoff, MHence a 2.54 cm exit dlameter pozzle run
at a nominal Mach pumber of 0.85 was chosen alopg with a 500 Hz high pass filter, Since the spectral

peak of jet noise corresponds to a Strouha)l number near 0.25, this peak should then occur around 3 kHz.

A more obvious reason for the high Jjet exit velocity was to obtain jet noise levels above that of the
vehicle nofse throughout most of the spectra. Also, the high jet levels assured minimum contamination
from upstream valve poise,

The nozzle flow was provided by a high flow accumulator filled with nitrogen and mounted in the trunk of
the vehicle, The gas passed through a long supply tube to the nezzle exit, For the chesen exit Mach
nurber of 0.85, between 2 and 3 seconds of constant mass flow could be obtained from this system,

Both the nozzle and microphones were positioned approximately 7.6 m (25 ft.) above the ground and the
closest approach distance between vehicle and microphones was about 11 m.

The test vehicle was driven over an asphalt surface past six sideline microphones at a constant speed
within the test sectjon. The microphones were positioned at 3 m fntervals parallel {o the path of the
vehicle, Since the nozzle supply system was Timited to about 2.5 seconds, measurements at all angles

of interast could not be obtained during a single run. llence each rin was set up to obtain data for a
single nozzle to microphone emission angle. The vehicle position with respect to the microphones was
determined by long metal strips that functioned as electrical switches. These were placed perpendiculap
to the path of the vehicle and activated by its tires. The signals produced by these switches wore
recorded along with the microphone signals. Each micrephone signal was analyzed onjy over 3 m of vehicle
moetion such that the midpeint of the signal corresponded to the desired nozzle-micraphone angle at the
emission time. Vehicle backyround noise was measured using the same procedure without the jet activated.

Static jet noise data at each emission angle were cbtained from two of the six microphones, with the
stationary vehicle positioned such that the two microphonas were located at the extreme angles of the
corresponding motion run.

Five discrete nozzle-microphone emission anales were tested, equally spaced from 30° to 150°, Vehicle
Mach numbers of 0, 0.04, 0.08, and 0.12 were run at all five anbles, with the exception that data were

not obtained at the two upstream angles at the highest speed die to a significant masking of the jet signal
by the vehicle nofse. Each test condition {corresponding to @ given vehicle speed and angle) was repeated
a number of times, resulting in at least 2 seconds of data per condition.

Power spectral densities (PSD's) were obtained from the measurements using a constant bandwidth fiiter
of 78 Hz over the range 500 Hz to 20 kHz. Each acceptable data segment was analyzed and those correspond-
ing to a given test condition averagad. :

The PSD's for all test conditfons at a nozzle-micrephone angle of 30% are shown 1in figure 6. The
background vehicle noise {fet-off condition) is shown as the continuous traces in the lower part of the
figure. Data at the highest speed in the frequency region near 4.5 kHz are not shown Since this region
was ?ongarinated by backgreund noise due to aeelian tones caused hy the guy wires supporting the nozzle
supply tube.

60
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L
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40 e EEf: §6 = 30 Figure 6.- Measured power spectral densities
Jet pozzle forldet and vehicle noise at 300 emission
angle.
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There 1s no discerngble difference between the static and motfon spectrum at the lowest vehicle speed.
At the higher speeds, however, a tevel difference can be noticed over almost the entire spectrum, this
difference increasing as the vehicle speed 15 increased. Also noted {s the expected Doppler shift of
the peak frequency to lower values with fncreasing speed,

this decrease in Tevel across the spectrum with fncreasing forward speed was obtained at all angles.
Details of these results can be found in reference 2.

Since portions of the measured PSD's were contaminated by background nofse, the overall sound pressure
levels (OASPL) were estimated from the uncontaminated portions of the spectra, The estimated OASPL's
are shown in figure 7 along with the results computed from the contaminated P5D's. It can be seen that
there is a consjistent decrease 1n the estimated 0ASPL with {ncreasing forward velocity at all nozzle-
microphone emission angles, as one would expect from the spectral results mentfoned above,

o 0ASPL computed from PSD
contaminated with back-
ground noise
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B. Tests with the free jet

The free jet used to simulate forward motion was 1imited to a maximum Mach number of 0.11, Pasitioning
of the jet 1n the anechoic chamber restricted measurements in the upstream direction to 1209, Other
than these limitations, test conditions with the vehicle were repeated using the free Jet. Air was
used instead of pure pitrogen for the mode) Jet.

The free jet exhausted vertically from a 1.2 ni diameter nozzle into an anechoic environment., The 2.5 cm
Jet nozzle was positioned at the center of the free jet. A 1.3 cm {half-inch) condenser microphone
designed for free-field linear response past 20 kHz was Tocated on a boom that traversed an arc about
the center of the made) nozzle exit plane on a 3.7 m radius.

With the model jet maintained at a Mach number of 0.85 the free jet was run at the static case {no flow),
and Mach numbers of 4,04, 0,08, and the maximum available, 0.1, For each test condition the
microphone was held stationary at discrete angles from the downstream centerline ranging from 30° to 120°,

The noise generated above 500 Hz by the free jet was insignificant at all test conditions. Hence, the
problens associated with background nofse present in the vehicle tests were nonexistent during the tests
With the free jet, However, the presence of the free jet shear layer requires corrections to correlate
neise emission angle with observer angle.

Acoustic pressure power spectral density measurements using 400 liz bandwidth are shewn in figure 8 for

the test conditions corresponding to an observer angle of 90%, the angle where the shear layer corrections
are a minimum. One can make here the same observatfon as with the vehicle test-relative motion tends to
decrease the Jjet noise level throughout the spectrum.

The true emission apgles copresponding to the measured results were computed in the standard manner (c.f.
ref. 4) under the assumption that the noise originates at the nozzle exit., (Amplitude corrections due to
the shear Tayer were found to be Tess than 0.5 dB for all %est conditions and hence were neqlected.) The
measured OASPL is given in figure 9 as a function ef the computed emissfon angle. Again, @ decrease in
the OASPL is observed at all angles with Increasing forward speed.,
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°§%§g Figure 8.- Power spectral
dens{ties from free-jet at 90°
observer angle.
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C. Comparisons Batween Vekicle and Free Jet Results

The difference in sound pressure level between static and motion conditions 1s generally correlated aaainst
the ratio of jet velocity to relative velocity {the difference between jet and forward velecities). This
type of comparison should yield consistent results for flight simulation studies (free jet or wipd tunnel)
since there is no relative motion between the jet and the observer. However, in actual flight the Doppler
effect results in a frequency shift of the entire spectrum, so this type of compayison {particularly when
done on a freguency-by-frequency basis) can be misleading. Hevertheless, in order to reassert the main
findings of this report in a fashion that 1s commonly presented, the static-to-motion QASPL differences

are given In figure 10 as a function of 10 log My/Men1  for both series of tests, The effects due to
convection that are sometimes subtracted from the DAEFL differences hefore this type of correlation is

made {ref. 4} were computed to be less than 0.4 d8 for all test conditfons and hence were neglected,

112~
Nno
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Figure 9,- Overall sound praessure levels
incTuding angular refraction correction.
{Free-jet tests,)
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The uncertainty due to the procedure used in estimating the OASPL for the vehicle tests leads to the
cunsiderabie scatter shown in figure 10. The relative velocity oxponent m 1ljes somewhere between

3 and 6. The data uncertainty as well as the test Timitatfons of high jet velocity/low forward speed
prevent d reasonable estimate of this exponent or its variation with émission angle. Nevertheless, an

jncrease in noise reduction with increasing forward speed is again clearly indicated at all angles at
these low velocities for both testing methods.
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IT1. AIRCRAFT FLYOVER MEASUREMENTS

To better estimate the effect of forward motion on real engine noise, flight experiments were conducted
using an actual aircraft. There are considerable difficulties to overcome before interpreting the far
field data from a full scale aircraft in flight. Existing studies on forward flight have yet to address
these difficulties but have concerned themselves with more obvious practical prerequisities. Since the
results of aircraft flyovers are still dubfous, it becomes important to establish exact techniques to
quantize the sound field from a moving aircraft. This section focuses on one of the fundamental measure-
ment problems, ground reflections. Measurements of the far field pressure from an airplane fxenr were
taken over both an anechoic floor and over the ground. A method is presented for evaluating the transfer
function of the ground surface, which can he used for correcting data contaminated by ground reflections.
These corrections are independent of the source, but depend on the geometrical orientation between the
sources and observer as well as on the distance from the microphone to the ground surface.

A. Method of Measurements

Since the objectives of this test were to separate the effects of reflection and to establish the properties
of the reflecting surface, microphones were located over both an anechoic floor and a reflecting ground.

The anechoic floor is shown in Figure 11. It consists of a semicircular surface with a radius of 12.2 m
composed of anechoic wedges of size 0.3 x 0,3 x 0.9 meters. The wedges are placed one meter above the
ground and supported by wire mesh,

Four equally spaced microphones were placed over the anechoic floor, and an additional four over the

ground (Fig. 12). The microphones were oriented along the direction of the flight path at a height of

3,38 m above the ground. The ground surface consists of packed turf, typical of surfaces used in aircraft
flyover noise test. All the micruphones are recorded simultaneously on magnetic tape recorder so that the
measurements over Lhe anechoic floor and over the ground surface .»2re taken at the same time. The aircraft
used was & NASA T-38 airplane (Fig. 13). One of the interesting f-atures of this aircraft is that the

two jets exhaust at the rear end of the fuselage, thus concentratirg the emission over a small area. The
test was conducted at an altitude of h = 305 meter at velocity of Vg » 105 m/sec.

Figure 11.- Outdoor anechoic test facility

AIRPLANE FLIGHT PATH

- —
'\ T Microphone above the ground
\ Figure 12.-Microphones positions above
12.2m & -T e the anechoic floor and above the ground
\ 6.?9m
& ©
] 12.2Tm
/ )
? o S
Anechoic floor

Microphone above the anechoic floor
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! Figure 13.- Geometry of T-38 airplane

B. Results and Discussion

The data collected in nmoflyonr was recorded over the time period of 14 seconds. During this time the
aircraft moved over a 140" arc with respect to the reference microphone. Seven auto-.  ‘elations were
wbtained, each over one record time interval, centered at the angles o = 360, 550, 9 1240, 1440, 1569,
and 163 (Fig. 14). The overhead position of the aircraft (90°) {s chosen as reference, such that at

0= 36° the airplane is four seconds ahead of the rcference, and at & = 160Y is is efght seconds past
the reference.

tv=8rec
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. ¢ el
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PLANE OF THE MICROPHONES

Figure 14.- Positions of the afrcraft for data analysis

The auta-correlations taken over the anechoic floor are smooth while those taken over the ground contain
a second peak (Figs. 15 and 16). The time delay of this peak depends un the position of the aircraft
with respect to the microphone and is associated with the retarded time between the incident and
reflected signals. At 1 = o, the auto-correlation measured over the ground consists of the direct
sigral and the reflected signal that was emitted at an earlier time, whereas the second peak at the

th}n d.!“y t,= + 2h sin 6/¢ consists of the correlation of the direct signal with itself after
reflection.

In order to separately resolve the two peaks, the time delay of the secondary peak must be large in
ﬁomparﬂon with the correlation time scale of the direct signal, The measured signal can also be deconvoluted

n the frequency domain, since the auto-correlation can be interpreted as th
of both direct and reflected signals (See Ref. 4), i §NEIC T ST

The position of the aircraft was determined from the auto-correlations over the ground. Notice that the
time delays of the secondary peaks in Figure 16 increase from o = 367 to 90° and then decrease again
as the angle becomes larger than 900, as expected from the expression relating 1o to @, Use of this
expression along with the measured value of 1o then yielded the aircraft postion (i.e., @) at the
emission time of the direct signal. In addition to using the auto-correlation to determine the positicn
of the aircraft, the cross correlation between two adjacent microphonescan also be used to estimate the
speed of the aircraft.

The main objective of this experiment, however, is the evaluation of the transfer function (T) of the
reflected signal from the surface. This function is defined as the ratio between the spectrum measured
over the ground (5,) tothat measured over the anechoic floor (S,) over the same time interval, and depends
on the angle 4, ihe distance of the microphone from the grauna (h), and frequency.
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Figure 15.- Upnormalized auto-correlations over the anechoic floor,

Computed results of this transfer function are shown in Figure 17 for three different values of 0. The
oscillatory behavior 1s due to the fact that the spectra from which the transfer function was derived are
themselves not smooth because of the short averaging time necessitated by the motion of the source. Alse,
the nature of reflections leads to nen-smooth spectra measured over the ground, However, for the practical
purpose of correcting the ground spectrum for reflections, the transfer function can be averaged as shown
by the smooth 1ines ip Figure 17. These curves show that the corrections needed for ground reflections
spread out in frequency as the source approaches the overhead position.

Using the average spectrum of the transfer function, the greund spectrum for 0 = 36° was corrected and
shownin Figure 18 along with the two corresponding measured spectra, As can be seen from this figure,
the spectrum corrected for ground reflections by the transfer function agrees well with the spectrum
measured over the apechoic floor.

Pursuing ground reflection corrections utilizing the transfer function appreach rather than the more
comman ground impedance measurements 15 certainly easier and more practical for any engineering approach,
Measurements of surface impedance are known to be difficult and even at the present time these data ape
ambigunug and {ncomplete. In addition, discrete freguency measurements of surface impedance yields Jarge
scatter in results, The transfer function approach fnstead uses frequency bands sc that oscillations are
not as pronounced, Alse, from the engineering approach it is easy to understand and simple to apply.



Figure 16,« Unnormalized auto-correlations over the ground
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CONCLUDING REMARKS

Exparimenys wese condv .- 4 v 14y three different types of noise sources in motion., A discrate frequency
point source mavinp © «r & reflecting surface yields results that agree with those predicted analyticaily.
#easurements of a mode) jet in actual and simulated forward motion both show that the noise decreases with
increasing speed at all observation angles. The fact that observed effects in flight testing of

actust jut engines do not appear fn these model jet tests suggest that the flight data jncludes Installation
effects and, or sources other than pure jet mixin? noise. Auto-correlatiops from noise measurements of an
actual atrcraft {n flight over a ground surface gives an fndication of reflections from the existence of

a secondary peak in the correlation, This secondary peak also allows determination of the position of

the afrcraft, Simuitancous measurements over an anechoic floor and the ground permit the evaluation of the
transfer function of the reflected signal from the surface and hence allow the spectrum to be corrected

for ground reflections.

There is much work to be done to establish the effects of motion on aircraft nofse. One step 15 the
establisnment of the temporal and spatial distribution of the sources 1n a jet in a fashion amenable to
experinpntation for both statfonary and moving afrcraft. This technique has been tested for a mode)
stationary jet in reference 5. Furthermore, it {s necessary to reduce the nonstatiopary signal (resulting
from the motion of the aircraft) into an equivalent stationary ome, such that comparison can be made
between static and moving afrcraft. A preliminary investigation of this effect is reported in reference 6.
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