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ABSTRACT

-The effects on'acoustic characteristics of nozzle type and location on a wing
for STOL: éngine over~the-wing config‘ufations are assessed at full scale on the
basis of model-scale data. Three types of nozzle configurations are evaluated;

a circular nozzle with external deflector mounted gbove thé wing, a slot nozzle
with exterhal deflector mounted on the wing and a slot nozzle mounted on the
wing: Nozzle exhaust plane locations with respect to thé wing leading edge aré -’
varied from 10 to 46 'percent chord (flaps retracted) with flap angles of 20° (take-
off attitude) and '60° (approach aftitude). Perceivednoise levels (PNL) are calcu-
lated as a function of flyover distance at 152 m altitude. From these plbts,-' static
EPNL values, defined as flyover relative noise levels, are calculated and plotted
as a function of 1ift and thrust ratios. From such plots the acoustic benefits at-
tributable to variations in nozzle/deflector/wing geometry at full scale are as-
sessed for equal aerodynamic performance.

INTRODUCTION

One concept advanced for STOL aircraft features mounting the engines over,
the wing (OTW). Such an installation directs the jet exhaust over the upper sur-
face of the wing /ﬂap system, thereby augmenting the wing lift by providing an
additional lift component. Furthermcare the wing/flap system provides shielding
of some high frequeney jet exhaust noise although generatmg additional low fre-
quency ]et/surface interaction noise. The latter does not contribute s1gn1:f1cant1y
to'the com:rnumty noise problem, although it can cause local structural problems
and increase cabin interior noise.

The attachment of the jet exhaust to the wmg/ﬂap for lift a.ugmentafslon can be
achieved in several Ways One of the more commonly considered concepts is the
uge of a slot or a D- shaped nozzle mounted directly on the upper surface of the
wing (f1g 1@a)). Another concept consists of a nozzle with an external flow de-
flector. This deflector vectors the exhaust flow toward the wing for attachment



to the wing/flap surfaces. During cruise, the deflector is stored in the engine
nacelle or in the upper surface of the wing. During the landing procedure, such
a deflector has the possibility of bemg used as a thrust reverser. Representative
 configurations making use of external flow deflectors are shown in figures 1(b)
and (c).

Initial work on the engine over-the—-wing concept at NASA Lewis Research
Center (1971) consisted of 1/1.3-scale model studies. The associated model-
scale nozzles in these and subsequent works, for the most part, had a nominal

" 5.1 cm equivalent diameter. The model-scale nozzles were tested in conjunction
with wings having chords of 22.0, 33.0, and 49.5 cm (flaps retracted). In the
present study, the model-gcale data are extrapolated to the full-gcale nozzle
equivalent diameter of 66 cm (13:1 scale), with the corresponding scaling of the
wing/flap system for each configuration. Jet exhaust velocities ranged from a
nominal 195 m/s to a nominal 260 m/s. The three nozzle concepts illustrated in
figure 1 ave evaluated at full scale in terms of a flyover relative noise level (de-
fined in 'appendix A) at a flyover-altitude of 162 m. * Both approach and takeoff
modes ave considered. The noise evaluations are made for nozzle/wing configu-
rations having substa.nﬁally the same lift and thrust. The results obtained in this .
mannexr provide an estimation of the aeroacoustic benefits and dlsadvantages as- -
sociated with the different nozzie demgn concepts and operating modes.

APPARATUS AND PROCEDURE
Facilities

Aerodynamic facility. - Aerodynamic data congisting of lift and thrust com-
ponents were obtained using the test stand described in reference 1. In this test
stand, pressurized air at about 290 K was supplied to a 15.2-cm diameter pipe
(plenum}) by twin, diametrically opposed supply lines. Flexible couplings in each
of the twin supply lines isolate the supply system from a forée measuring system.

The plenum was free to move axially and laterally through an overhead cable sus-
pension system. The test nozzles, with and without wings, were attached to a
flange at the downstream end of the plenum. A load cell at the upstream. end of
the plenum was used {0 measure thrust. A second load cell was mounted near the
nozzle to measure horizontal side loads. The wing-flap section was mounted in a
vertical plane so that lift forces were measured by the side-mounted load cell:

Thrust and lift forces were obtained at nominal jet exhaust velocities of 195
and 260 m/s. Airflow through the'overhead supply line was measured with a
calibrated orifice. The nozzle inlet total pressure was set and measured with a
single centerline probe near the plenum exit ﬂange Pressure data were obtained
from suitable multitube.and U-tube manometers.



Acoustic faéility. - The acoustic data were taken at the outdoor facility de-
scribed in reference 2. In this facility, dry.pressurized, ambient témperature
air was supplied to the nozzie/wing configurations through a control valve and
valve-noise quieting system. This system consisted of a perforated plate, a four-
chamber baffled muifler, and approximately 4.6 m of 10.2 cm diameter piping.
Nozzle inlet. total pressure was meagured with a total-pressure probe,

Acoustic data were obtained with a. horizontal nominal 3.0-m radius semi-
circular array of microphones centered on the nozzle exhaust plane. The 1.27-
cm omnidirectional condenser microphones used were in a plane level with the

nozzle centerline. The microphones wexre located at 200, 400, 600, 800, 900,

1000, 120°, and 140° measured from the inlet axis. A mat of 15 cm thick ure-
thane foam was placed on the ground (asphalt) inside the ‘microphone array to
-minimize ground reflections. The microphones were a nominal 1.5 m above
grbund level.
Acousti;:a measurements were taken for approximately the same jet exhaust
v_élc_)_cities as those for the-aerodynamic measurements; that is, 195 and 260 m /s
(jet Mach numbers of 0.6 and 0.8, respectively). All flow data for the acoustic .

tests were taken at cold-flow, ambient temperatures near 290 K.

Microphone output signals were analyzed by a 1/3-octave-band spectrum
analyzer. The.analyzer provided sound pressure level (SPL) spectra referenced:
to 2x107° N/mz. Overall sound power levels (OASPL) referenced to 10718 watts
were computed from the SPL data. Three noise data samples were taken at each
microphone location for each pressure ratio. An atmospheric attenuation was
applied to the average-of the three samples to give lossless data at Sm. No
ground refiection corrections were made to the noige data. The model scale data
were then scaled to full gize by the appropriate factors for size, flyover distance,
and atmospheric attenvation. The full-scale fiyover distance was 152 m and the
full-scale equivalent nozzle -diameter was 66 em (scale factor, 13:1).

Nozzles

Slot. - The basic slot nozzles (ref. 2) used in the program consisted of the
5:1 nozzles shown in figure 2, These nozzles had equivalent diameters of 5.1 cm.
A single straight-sided nozzle was used for the tests without nozzle sidewall cut-
back. The roof angle, B, of this nozzle was varied by providing inserts that al-
tered the internal angle from 10° to 40° in 10° increments. Separate nozzles
were provided for the cases with sidewall cutback. The sidewall cutback angle,
v, was the same.as the roof angle for each respective nozzle.

Slot/deflector. ~ A 5:1 slot nozzle (fig. 3) was used with various external
plate-type deflectors that turned the flow in order fo provide flow attachment to




the flap. Each of the nozzle sides converged at a 5° angle. The nominal dimen-
sions of the nozzle at the exh_aﬁst plane were 2.0 by 10.2 cm. The dimensions of
the various deflectors are summarized in the table given in figure 3.

Circular/deflector. - The conical nozzle (fig. 4) used in the study hada 5.2 cm
exhaust diameter. Each flow deflector was held in place by two frames or "tracks"
fastened to the nozzle. The deflector could be pivoted to various angles relative to
the nozzle centerline. Dimensions of the deflectors (ref. 4) are given in figure 4.

The bottom of the nozzle exhaust plane was located 0.1 chord (flaps retracted)

above the wing/flap surface for each wing.

Wings

The model wings used in the studies are shown schematically in figure 5, to-
gether with pertinent dimensions. Details of their construction are given in refer-
ence 2. The wing chords with flaps retracted were 22,0, 33.0, and 49.5 cm.
Here'in these wings are referred to as 2/3-baseline, baseline, and 3/2-basgeline,
respectlvely The wmg models represent the upper surface contours of an airfoil
with 20° (takeoff) and 60° (approach) deflected flaps.

The following table summarizes the axial locations of the various nozzle types
on the wings for the aeroacoustic test program.

" Nozzle type Wing Flap angle, Nozzle location,
deg % chord re wing chord
with retracted flapé
Slot and 2/8-Baseline 20 21,46
slot/deflector Baseline - 20
3/2-Baseline 20
2/8-Baseline 60
Baseline 60
3/2-Baseline 60 . -
Circular/deflector| 2/3-Baseline 20 | emee-
Baseline 20 10,21
3/2-Baseline 20 10
2/3-Baseline 60 | e
Baseline 60 10,21
3/2-Baseline 60 10




DATA NORMALIZATION
Lift and Thrust Characteristics

All of the slot and slot/deflector nozzle configurations had weight flow losses
as repofted in reference 1. In oxder to make meaningful comparisons of the Lift
and thrust data, all the configurations are compared on the basis of equal weight
flow. This was achieved by adjusting the measured static lift and thrust by the
ratlo of the nozzle-ideal weight flow to the nozzle actual weight flow for each con-
flgura.tlon tested. The adjusted Iift and thrust were then ratioed to the 1dea1
nozzle-alone thrust giving the following expressions for the normalized Iift and
thrust:

LOW,/W) T/
Ti Ti

All symbols are defined in the nomenclature.

Acoustic

The acoustic performance of the slot nozzles, when the aerodynamic perfor-
mahce is normalized on an equal weight flow basis, must also be adjusted for this
normalization. In order to establish the necessary acoustic normalization, addi-
tional 40/40 slot nozzles of 16- and 30-percent greater area were tested with the
baseline and 3/2~baseline v&;i_ngs. This nozzle was selected because it has the
greatest weight flow loss. The 30-percent ared increase was required in order
to have a measured weight flow equal to that calculated for ideal flow of the initial
40/40 nozzle ilow in the presence of the wing (ref. 1). On the basis of these tests
it was found that the increase in noise caused by increasing the nozzle area in pro-
portion to the weight flow could be determined by'the following scaling relationship:

L /4
A dB = 10 log (W,/W) ®

The correction to the model scale spectral data given by the preceding equation
was applied to all the slot nozzle/wing data, both with and without an external de-
flector. No correction was necessary for the data obtained with the conical/
deflector nozzle configurations because no significant weight flow losses were
incurred,



ANALYSIS

In order to obtain full-scale percelved noise- levels PNL, the model scale
noise spectra were frequency shlﬂ:ed and amplitude corrected on a Strouhal bams
The typical portion of the model-scale spectra applicable to the full-scale spec-
tral analysis is shown in figure 6 for a wing/flap configuration using a slot nozzle
and one using a circular/deflector nozzle-using a 13:1 scale factor for full-scale,
and beginning the full-scale gpectra at 50 Hz results in the utilization of the model-
scale spectral data only for frequencies greater than 630 Hz. The spectra shown
are for a measured radiation angle of 90° and at jet exhaust Mach number of 0.8.
The data shown are for a takeoff mode (20° flap angle) with thé baseline wing.

From full-scale spectra, such as those shown in figure 6, PNL values were
computed at a flyover height of 1562 m, These PNL values were computed at the
model-scale test angles and then adjusted appropriately for the takeoff and ap-
proach attitudes shown in figure 7. Also shown in figure 7 are the flap angles
associated with the operational mode of an aircraft. ) ] -

Typical plots of PNL as a function of flyover distance for a wing/flap config-""
uration using a circular/deflector nozzle are shown in figure 8. The two sets of
data for both operational attitudes shown are for nominal jet exhaust velocities of -
195 and 260 m/s. For the data shown, the PNL values near the overhead position
@ = 9_00) are lower for the approach attitude than those for the takeoff attitude, -by
about 3 PNdB. However, in the forward arc (8 = 30? to 500) the PNL values are
somewhat higher for the approach attitude than those for the takeoff attitude. This.
results in a larger duration term (see the appendix} in the calculation 'of the flyover
relative noise level for the approach attifude than that for the takeoif attitude. .

From plots of full-scale PNL values as a function of flyover distance (152 - m
altitude) a flyover relative noise level was computed as described in appendix A.
The term "relative™ is used herein since the conventional definition of effective
perceived noise level (EPNL) includes forward flight effects, whereas the present
data are for static conditions. The omission of flight effects, however, "does not
significantly affect the present flyover relative noise level comparisons between
the various configurations. The flyover relative values were then plotted in terms
of thrust and lift ratios, T(W; /W) / T. and L(W, /W) / T'l, respectively. From
such plots, comparisons of relative ﬂyover noise level for the varlous nozzle/
wing configurations were made at essentlally equal magnitudes of conflguratlon
Lift and thrust.



PNL TRENDS

The PNL envelopes for all the nozzle/wing configuirations a:i:e shown in fig-
ure ¢ as a function of flyover distance for the three wing sizes included in the
study. The data shown do not account for differences in lifi and thrust ratios.

"In general, increasing the wing size from 22 to 49.5 cm reduces the peak PNL
15 to 20 PNdB for the takeoif case (fig. 9(a)) due to increased jet noise shielding
benefits dssociated Wlth a larger wmg The largest reductions in PNL occur ap-
proxunately 125 m. (50 =g = 130° ) irom the overhead position, with the maxi-
mum occurring directly overhead (90 ). At greater ground flyover distances, the
reduction in PNL with increased wing size over this same range is limited to.less
than 4 PNdB. If is also evident from the figure, that the reduction in peak PNL
associated with increased wing size are accompanied by greater exposure dura-
tions (greater ground distances) relative to the highest réspective PNL values. )
This is apparent from the flattening of the PNL curve with distance in the region
of peak PNL values Consequently, the relative noise level benefits afforded by
a reduction in peak PNL due to Jet noise shielding and reduced flap trailing edge
velocities with increasing wing size are partly negated by a greater exposure dls—
tance (time). . .

For the approach case (f1g 9(b)) similar trends to those discussed for the
takeoff case were obtained. However, in the approach case, the reduction in
peak PNI: values with increased wing size was only 1/3 to 2/3 those for the take-
off cage. One factor infiuencing this reductlo_n in peak PNL with increaged wing
size was the shift in peak PNL from directly overhead (900) to a lower angle (500
to 700) for the largest wing tested. This forward shift of the peak PNL value is
attributed to flow interaction noise asgociated with the large nozzle roof angles or
deflector angles needed to maintain flow attachment for the approach céndition,
particularly for certain nozzle/wing size combinations (see also ref. 1).

Finally, except for the largest wing size, the peak PNL values for the takeoff
condition in general are about 4 to 5 PNdB greater than those for the approach
condition. Except for the angular shift in the peak PNI. location for the largest
wing, the peak PNL values are substantially the same for both the takeoff and ap-
proach conditions. .

, Within each envelope, differences in PNL values caused by nozzle chordwise
location and nozzle configuration were obtained. These differences are summa-
rized in the following sections.



Nozzle Geometry/Acoustic Trends

Effect of roof/deflector angle. - In general, the effect of roof angle on the
PNL values was negligible for the slot nozzles and the sléJt nozzleg with sidewall
cutback. For the nozzle/deflector configurations the PNL increased slightly,
less than 2 PNdB, with decreasing deflector angles for the configurations tested.
These trends were observed for both the takeoff and approach conditions.

Effect of nozzle chordwise location. - For the takeoff condition (20° flap
angle) the PNL values were at substantially the same levels for the 10 and 21 per-
cent chordwise locations of a pafticular nozzle configuration. With the nozzles .
located at 46 percent of chord, the PNL values were up to 5 PNdB greater than at
the other two chordwise locations for the same nozzle configuration. Similar
trends were evident for the approach condition (E:‘.'Oo ilap angle); however, the PNL
difference between the nozzle location at 46 percent of chord and that at 10 or C
21 percent of chord was generally less than 3 PNdB for the same nozzle configu-
ration. )

Effect of nozzle configuration. - The effect of nozzle configuration on the
PNL values was most apparent with the nozzle located at 21 percent of the wing
chord (fig. 10). It is evident that the slot nozzle with external deflector had the
lowest PNL values in the range from § = 50° to 130° fqr the takeoff condition.
However, the A PNL values between nozzle configurations increased with in-
creasing wing chord. These trends occurred for both takeoff and approach “atti—,
tudes. For the limited changes in nozzle configurations available for the 46 per-
cent chord location of the nozzles no significant changes in PNL were observed
for the available configurations., Also, the circular/deflector nozzle showed no
significant PNL changes with nozzle location at 10 or 21 percent and chord sizes
of 33.0 and 49.5 cm.,

ARROACOUSTIC PERFORMANCE COMPARISONS
General

Acoustic data were obtained for most nozzle configurations with the baseline
wing and for many of the nozzle configurations with the 2/3- and 3/2-scale wings.
Similarly, aerodynamic data were obtained for most nozzle configurations with
the baseline wing. On the basis of these data, only those nozzle configurations '
showing good aerodynamic performance were further evaluated with the 2/3~ and
3/2-baseline wings.

In figures 11 and 12 the flyover relative noise levels (FRNL) for each of the
nozzle/wing configurations are shown as a function of the thrust ratio, T(W i/W ) / 'I‘i
and the lift ratio, L(Wi/‘W ) / Ti' The variation for each nozzle/wing configuration



results from the effects of 'nozzle roof/deflector size and angles, and for various
chordwise locations of the nozzles. Forthe takeoff attitude (200 flap angle), de- ‘
creasing the nozzle rooi/deflector angle Tesults in béth thrust and lift ratios in-
creaging up fo the point af which the jet flow separates from the flap surface.
After flow separation occurs, the Iift ratio decreases while the thrust ratio con-
tinues to increase with further decreases in roof/deflector angles. For the ap-
proach attitude (600 flap angle) decreasing the roof/deflector angle again results
in an increase in thrust ratio; however, the lift ratio decreases for the slot-type
nozzles., With those nozzles using deflectors, the liff ratio increases for the
baseline wing but decreases for the 3/2-baseline wing as the nozzle roof/deflector
angle is decreased. A change in jet exhaust velocity from 260 to 195 m/s does not
change the general trends just discussed.

Takeoff Attitucie

' The flyover relative noise levels for the takeoff attitude are shown in fig-
ure 11 as a function of thrust and lift ratios.

For peak aeroacoustic performance comparisons with the baseline wing (fig.
11(b)), a niominal thrust ratio of 0.82 and the associated nominal lift ratio of 0.43
were selected. Af thegse values, the appropriate circular/deflector nozzles are
about 2.5 dB quieter than the sloi-type. Locating the slot-type nozzles at 46—
percent chord increases the noise level (FRNL) by a further 2.5 dB from that ob-
tained at 21-percent chord. At the selected peak thrust and lift ratios, the slot/
deflector nozzle, located at 21-percent chord, showed an aeroacoustic perfor-
mance comparable to that for the circular/deflector nozzle, However, with the
slot/deflector nozzle located at 46-percent chord, the thrust ratio was consider-
ably less (up to 8 percent) than that obtained with the slot nozzles at the same
chord location. ' l

Aeroacoustic data for the slot-type nozzles only are available with the 2/3=
baseline wing (fig. 11(2)). These data show that the same difference in noise
level exist between chord locations of 21 and 46 percent as with the baseline wing.
The data also show that the noise level with the 2/3-baseline wing is 3 dB louder
than that with the baseline wing for the same nozzles and chord locations. Also,
the peak Iift ratio is about 2.5 percent lower with the short wing compared with
that for the baseline wing; the thrust ratios with the two wings was about the
same.

With the 3/2-baseline wihg, the nominal thrust ratio at which acoustic-com-
parisons could be made was 0.78 while the associated nominal lift ratio was 0.43.
At these levels it is apparent that the nozzle configurations tested differ little in
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noige level, with 2 maximum difference of only 2 dB for those shown. The noise
levels shown are about 7 dB less for the slot-nozzles than those obtained with the
bageline wing: For the circular/deflector nozzles, the noise levels are 3.5 to
5.5 dB less than those with the bageline wing. _

A change in jet Mach number frorm: 0.8 to 0.6 did not change the relative dif-
ferences between the nozzle configurations.

Approach Atfitude

The flyover relative noise levels for the approach attitude are shown in fig-
ure 12 as a function of thrust and liff ratios. ’ ‘

For-aeroacoustic performance comparisons with the baseline wing (fig. 12(b)),
a nominal thrust ratio of 0.48 and the agsociated nominal lift ratio of 0. 69 were
selected. At these values, the slot-type nozzle configuration, with the nozzle at
21~percent chord, bas the lowest lift ratio (0.66) whereas the remaining nozzle
configurations group between 0.69 and 0.72. Also, the slot-type nozzles shown
had sidewall cutback in order to provide flow attachment to the wing/flap surfaces.
At the selected peak thrust/lift. ratios, the slot/deflector nozzle located.at 21-
percent chord did nof attain the levels of the other nozzles configurations, being
dahout 4 percent lower. Similarly, the 1ift ratio was lower than most of the other
nozzle configurations. The noise levels Tor the slot/deflector nozzles were about
the same as that for the slot-type nozzles at their respective peak thrust and 1ift
ratios.’ With the slot/deflector nozzles located at 46-percent chord, the aero- -
acoustic performance was about the same as that for the slot-type nozzles at the -
same location and the circular/deflector nozzles at 10- and 21-percent .chord,
The maximum FRNL difference between the various nozzles, at the selected
thrust and 1ift ratios, is 3.5 dB. .

Comparing the preceding FRNL values with those for takeoff shows that the
noise level of the circular/deflector nozzles is substantially independent of flap
angle (operational attitude). However, the sloi-type nozzles are significantly
quieter for the approach attitude than for the takeoff attitude, by up to about 6 dB.

With: the 2/3- and 3/2-baseline wings (figs. 12(a) and 12(c), respectively),
data trends with nozzle configurations and nozzle chord location similar to those
discussed for the takeoff attitude were obtained. However, with the 2/3-baseline
wing, the approach attitude FRNL values were up to 3 dB quieter than those for
the takeoff attitude at the respective representative lift and thrust ratios. With -
the 3/2-baseline wing, the FRNL values were up to 2 dB noisier than those for
the takeoff attitude at the respective representative lift and thrust ratios.
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As in the case for the takeoff atfitude, a change in jet Mach number from 0.8 -
to 0.6 did not change the relative differences betweén the nozzle configurations.

CONCLUDING REMARKS

On the basis of the aeroacoustic data presented herein, it appears that an
above-the-wing mounted circular nozzle with an external flow deflector merits
further study when its performance is compared with slot-type nozzles for OTW-
STOL applications, particularly in view of noise reduction benefits in the takeoff
attitude. The present work also indicates that variable geometry (nozzle roof/
deflector angle) is desirable for optimizing the aeroacoustic performance, Fi- ~
nally, as has been shown in the literature but not discussed herein, the use of
vortex generators on the wing surface to promote jet exhaust flow attachment to
the flap surface for the approach attitude (large flap angles) is recommended.
Their use, by providing better flow atfachment should yield greater lift ratios
than reported herein and may further reduce the approach attitude noise levels.

NOMENCLATURE

A,B,C,
local component dimensions (see fig. 5)

X, Y,y

c, speed of sound in air

D diameter

Dt duration term

d flight path distance from aircraft overhead point

EPNL effective perceived noise level

FRNL flyover relative noise 1e‘ve1

u aircraft altitude

h source distance from microphone line (analogous to altitude, A)

L measured lift

Lf projected surface distance from nozzle exit plane fo wing leading edge
(see fig. 5)

L, projected surface distance (see fig. 5)

Ls surface distance measured from nozzle exit plane to flap trailing

edge (see fig. 5)
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Lg deflector lip chord

ﬂ'p prolz;aéation path length _ m

Lo distance from nozzle exit to deflector trailing edge (see fig. 5)
Mj jet exhaust Mach number

M, aircraft Mach number

PNL . perceived noige level

PNLT tone corrected perceived noise level
SPL’  measuréd sound pressure lével

T méagured thrust

T ideal thrust

time’

aircrait speed

t

A"

W - meagured weight flow *
W ideal weight flow

X

distance along mierophone line measured from -8 = 90° (analogous to
flight path distance, d) '

roof/deflector angie
nozzle sidewall cutback angle

0 aircraft attitude corrected emission angle
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APPENDIX - FLYOVER RELATIVE NOIBE LEVEL
by Francis J. Montegani

'I‘he practical noise reductlon value of acoustic changes observed in static
'tests is prOperly estabhshed by scaling the data in frequency and level to.full,
scale (engme size), postulating a flyover situation, and computmg flyover noise,
This requlres lengthy calculatlons and a description of the flyover conditions,
The ﬂyover noise concept is used here to establish a simpler procedure that can
be a.pphed to static data, mdependently of flight considerations, to obtain a rela-
tive nieasure of the J.mphed effect on flyover noise. The procedure generates
what is hiere termed flyover relative noise level (FRNL). Differences in flyover
telative noise levels computed from static test data, adjusted to full scale in fre-
quency only are equivalent to differences that will result in effective perceived
noise level (EPNL) for constant flyover conditions.

. - BEffective perceived noise level as defined by FAR-36 (ref. 5) is expressed
as the sum .of:the maximum tone-corrected perceived noise level and a duration-
correction. The expressions given in FAR~36 can easily be rewritten to obtain
the same result expressed.as the antilog-mean tone-corrected.perceived noise
level . during the.period when it is within 10 dB of the maximum value plus a dif-
ferently defined duration term. Thus,

EPNL = PNLT + D, )
where
r ¢ o0
"2 [PNL’I‘(t)]
L 0 1
PNLT = 10 log( 10 a » @)
]
£
. l -
—
D, = 10 log( 2—1 (3)
10

and tl, ty are the time limits in seconds between which the tone-corrected péI;-—
ceived noise level is within 10 dB of the maximum value.

Consider the geomefry of an aircraft level flyover as illustrated in figure Al.
If t=0 corresponds to the instant when the aircraft is directly above an observer,
the time at which the observer receives noise emitted from the aircraft at an angle
6 is
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o
1l

(4)

< 2
T
N

where d is the distance along the flight path from the overhead point to the air-
craft (with due regard for sign), V is the aircraft speed, ¢ D is the propagation
path length, and C, ig the ambient speed of sound. The firgt term is the time
required for the alrcraft to travel from the overhead point o the place at which
the acoustlc ray emitted at the angle § intercepts the observer. The second
term is the t]:rne of acoustic propagation from the aircrait to the observer along
the ray. In terms of the angle @, this can be rewritten as

’ M
T O (S (B
V \fan8 sinég

where H is the aircrait altitude and M, is the aircraft Mach number. For the )
usual‘aircraft speeds at approach and takeoﬂ'f and at angles associated with n01se
levels within 10 dB of maximum, the second term on the right of equatlon (5) can
be neglécted with small loss of accuracy.

Figure A2 illustrates the corresponding geometry associated with the static
test noise data. The data from microphone measurements are known on a line'
at a distance h as a function of angle 9. (Data obtained from a circular mea~
surement arc are easily adjusted to this form.) Interms of fest variables, then,
tan ¢ in equation (5) is given by h/X. Equation (5), with the small term omitted,
can thus be written

(6)

ﬁ
I

< i

B

Tet X1 and X2 denote the distances on the line where the tone-corrected
perceived noise levels are 10 dB below maximum. The corresponding time dura-
tion associated with these locations when the data are applied to a flyover situation
is, from equation (8},

t

_H o
-t = (X, - X

7
by » @)

2

Substitution of the time duration info equation (3) yields, after expansion

D, = 10 log(%> +10 log(X, - X;) - 10 - (8)
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Equation (1) now can be written, affer rearrangement

EPNL - 10 log (%) - 10 = PNLT + 10 log(X,, - Xl) 9).

The left side of equation (9) is effective perceived noise level as definied by
FAR~-36 normalized by quantities that are constant for given flyover and static’
.test geometries. It represents effective perceived noise level to withinan addi-
tive constant so fhat for sets of test data it is a relative measure of flyover noise.
The terminology flyover relative noise level, FRNL, is adopted, and equation (9)
is written ' '

FRNL = PNLT + 10 log(X, - X;) (10)

The quantity PNLT is obtained from equation (2) after replacing t, whichisa
dummy variable of integration, with X. The limits tl and to defining the
10 dB-down points are correspondingly replaced with Xl and X,. The units of
Xy and X2 are arbitrary since different choices introduce an additive constant
into equation {10), which has no effect on differences in values of flyover relative
noise level.

The expression for relative flyover noise level can thus be written for static
test noige data ag

' -
Xy [PNLTLX)J
10
FRNL = 10 log{ — L 10 axy +10 log(X, - Xp)  (11)
X=X '
. 1 -

This can be simplified finally to

~ ™
% I:PNLT (X)]
10
FRNL = 10 log( 10 dx ) (12)
X
L. 1 -

Note that equation (12) is a measure of the area under the antilog tone-
corrected perceived noise level data curve as a function of X between the
10 dB-down limits.
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