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Airf rame Noise Measurements on a Supersonic
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Airframe noise has been measured on a 0.015 scale model of an advanced supersonic transport concept (AST-
100) in an anechoic flow facility. The model was equipped with leading- and trailing-edge flaps, nose and main
landing gears, and engine nacelles. Each of these components was deployed, individually and collectively, to
determine their contribution to the noise field. Results are presented which show that in the clean configuration
the aircraft displays a symmetric dipole directivity, whereas in the more complex landing-approach con-
figuration the directivity peaks in the forward quadrant. It was found that the landing-approach noise was due
chiefly to the landing gear, the trailing-edge flaps, and the aeroacoustic interaction between the two.

Introduction

SEVERAL years ago, air frame noise was recognized as a
lower limit to the reduction of noise levels that could be

achieved by further decreases in propulsion noise of com-
mercial aircraft. ! At that time, indications were that air frame
noise produced by a large subsonic aircraft during landing-
approach lay only about 10 EPNdB below the FAR-36 cer-
tification levels. This result promoted research aimed at
understanding and controlling the causes of airframe noise
and predicting the levels. Flyover noise measurements were
performed by various investigators on configurations which
varied from gliders to large transport jets at reduced power
settings. (A fairly complete recent listing of those aircraft used
since 1970 specifically for airframe noise studies may be
found in Ref. 2.) Semiempirical prediction schemes were
developed, and subsequently updated as the experimental data
base grew. Presently, overall sound pressure levels can be
predicted reasonably well based upon simple analytic ex-
pressions which involve only velocity, wing area, and source-
observer distance. Spectra and directivity can also be
predicted fairly well for conventional aircraft given the
geometric definition of the landing gear and flap system.3

Some uncertainty remains, however, about how well the
prediction schemes will apply to the nonconventional, ad-
vanced configurations of the future.

Paralleling the development of airframe noise un-
derstanding and prediction has been renewed interest by both
industry and NASA in conducting technology assessment
studies on supersonic cruise aircraft. The NASA Supersonic
Cruise Aircraft Research (SCAR) program was created with
the goal of identifying key technologies that would require
further study to improve aerodynamic efficiency9 reduce
operating costs, and provide environmentally acceptable noise
and pollution emissions for future supersonic transport
aircraft. As part of the noise assessment, airframe noise was
considered since it posed a potential lower limit to any
reduced certification levels that could be enacted. Presently,
the FAA's goal is not to certify, or to permit to operate in the
United States, any future design SST that does not meet
standards then applicable to subsonic airplanes.

This paper presents results from airframe noise tests on a
small-scale model of a supersonic transport concept in an
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anechoic flow facility. Very little data exist on complete
aircraft models in such flow facilities. Tests on a large
transport model have been reported4 and encouraging results
in regard to scaling were obtained. The present model was a
0.015 scale AST-100. The AST-100 was an earlier con-
figuration considered in the SCAR program which had un-
dergone extensive aerodynamic testing at several model scales.
Low-speed aerodynamic characteristics of this configuration
have been investigated using both a 0.10 scale model5 and a
0.015 scale model. Unpublished data from the latter model
indicated the overall aerodynamic performance trends were
not affected by scaling down to the smaller model size.
Nevertheless, a force balance was included in the present
model tests to insure compatibility with the published
aerodynamic results,

The tests were conducted at the NASA Langley Aircraft
Noise Reduction Laboratory in the Anechoic Flow Facility.
Previous exploratory tests6 using a similar model showed that
useful data several decibels above the facility background
noise could be achieved. The purpose of the present test was
to determine quantitatively at model scale the airframe noise
levels and to identify the airframe components which con-
tribute significantly to those levels. The model was equipped
with leading- and trailing-edge flaps, nose and main landing
gear, and engine nacelles. Each of the components was
deployed, individually and collectively, to determine their
contribution to the noise field. Acoustic data are presented
which include one-third octave band spectra and directivity in
both the flyover and sideline planes for various con-
figurations. Effects of flap deflection and aircraft angle of
attack are also presented. The use of model data for assessing
full-scale levels is discussed.

Description of Model and Experimental Method
Model

The test model was a 0.015 scale AST-100. Details of the
full-scale geometry may be found in Ref. 5. Pertinent
dimensions of the model geometry are presented in Table 1.
The model was of lightweight fiberglass construction and had
an overall length of 1.40 m and a wing span of 0.61 m.
Photographs of the model showing the component con-
struction are presented in Fig. 1. Figure la shows the topside
of the model and its flap system; Fig. Ib shows the model
underside and the engine nacelles and landing gear. The large,
leading-edge flap near the forward section of the fuselage
(hereafter referred to as the apex flap) was equipped with two
sets of brackets for testing at 0 and 30 deg deflection. Two sets
of wing tips allowed testing at two different leading-
edge/trailing-edge combinations, namely 0/0 and 45/5 deg.
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Fig. 1 Model depicting
bottom vlewo

Wing area, S, m2

Span, bt m
Aspect ratio, AR
MAC, csm
Root chord, m
Tip chord,m
Thickness, t/c, % (approximately)
Leading edge sweep, deg

Inboard
Mldspan
Outboard

0.23
0.61
1.72
0.51
0.84
0.08

74
70

The inboard trailing-edge flaps (three on each semispan) had
five sets of brackets preset in 10 deg increments covering a
flap deflection range of 0 to 40 deg. All flap brackets were full
span, flush-mounted, and allowed no gaps or slots when
mounted. The hole in the top of the fuselage seen in Fig. la
provided access for the force balance to be affixed to the
model center of gravity. The model was equipped wit\h four
engine nacelles which were mounted on the underside'of the
wing. These nacelles could be tested in a flow-througli mode
or with either the front end or both ends plugged./The main
landing gear consisted of two sets of 12-wheel assemblies
attached to a rigid strut with side brace. Each gear extended
up into shallow wheel-well cavities. Simulated doors hung
from either side of each cavity when the landing gear was
deployed. The nose gear consisted of a two-wheel assembly
attached to a simple strut with simulated doors which also
extended up into a shallow cavity. A transition strip of fine
sand was applied to the leading 5% chord across the full span
in order to insure a turbulent boundary layer representative of
high Reynolds number conditions. The landing gear was also
treated with sand to inhibit laminar vortex shedding.

Fig. 2 Model in anechoic flow facility: a) general test setup, b)
landing-approach configuration (see Table 2).

Test Setup and Procedure
Figure 2 shows photographs of the model mounted in the

anechoic room. The general test setup is indicated in Fig. 2a
and a close-up of the model in the landing-approach con-
figuration is shown in Fig. 2b. The room was 6.1 x 9.1 x 12.2
m high and had 0.84 m deep fiberglass acoustical wedges on
the walls and ceilings. Portable wedges were placed over the
metal floor grating prior to acoustic testing. The model was
sting-mounted through the top side and positioned in a nose-
down attitude. The sting entered the model at a height of
approximately 1.83 m above the jet exit and provided the
capability for angle-of-attack change. Airflow was provided
by a 1.22 m diameter vertical jet nozzle, which was driven by a
centrifugal fan that was housed in another building to
minimize extraneous background noise from entering the
facility. Tests were run over an angle-of-attack range of 0 to
20 deg at velocities between 18 and 34 m/s.
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Fig. 4 Change in overall sound pressure level with radial distance
from jet centerline.

Fig. 3 Shear layer corrections, V= 30 m/s.

Instrumentation
Both acoustic and aerodynamic parameters were measured.

Acoustic data were taken with six 0.5 in. condenser-type
microphones: four were mounted on poles at a height
corresponding to the model-to-sting attachment point, the
remaining two were mounted in tandem on a vertical
traversing mechanism. The former were used to measure
sideline directivity, the latter provided directivity data in the
flyover plane. The microphones were placed about 1.7 m
from the model. This position corresponded to the ap-
propriately scaled FAR-36 measuring point for approach
(that is, the ratio of source-observer distance to wing span
rib = 2.1 is the same as it would be for a full-scale aircraft on
a 3 deg glide slope at 1 n. mi. from the threshold).

All acoustic data were high-pass filtered at 200 Hz, am-
plified, and recorded on magnetic tape at 30 in./s for post-test
data analysis.

Outputs of two orthogonal axes of the strain gage-type
force balance were taken online and resolved to yield lift and
drag by an angular transformation. The data were corrected
for balance interaction effects but were not corrected for jet
boundary effects.

Test Environment
Flowfield

Both pitot tube and hot-wire surveys were made at several
heights above the jet exit plane. It was desired to position the
model high enough to minimize acoustic reflections from the
jet nozzle, but low enough to keep the wing tips out of the
turbulent jet shear layer. It was found that the jet spread
much like a classical subsonic jet with the potential core
extending approximately six nozzle diameters downstream.
Both mean and turbulent velocity profile shapes were in-
dependent of velocity and the mean flow was uniform within
1 to 2%. The model was placed in a position where the
potential core was about 0.94 m wide having turbulence levels
on the order of 0.5%. This was determined to be sufficient for
the aircraft to be in uniform low turbulent flow simulating
conditions encountered during flight through the atmosphere.

Shear-Layer Corrections
Testing in an anechoic flow facility provides a different

acoustic situation than the actual aircraft flyover which one
attempts to simulate. The differences are indicated on the top
of Fig. 3. In the open jet situation, both the source and ob-
server are in fixed positions. An acoustic ray emanating from
the source is convected downstream until it encounters the jet
shear layer where it becomes refracted back upstream. In the
free-flight situation, the source is moving while the observer is
fixed. While an emitted ray travels toward the observer, the

Table 2 Flap settings for typical landing-approach configuration

Position

Apex
Leading edge (tip)
Trailing edge (tip)
Trailing edge
Trailing edge
Trailing edge

Number
(see Fig. 2b)

1
2
3
4
5
6

Setting

30 deg
45 deg

5 deg
40 deg
40 deg
40 deg

aircraft is moving and is at some new position when the ray
reaches the observer. The measured air frame noise data 6m in
this paper have been converted to the source emission angle 0
using a theoretical method7 which models the shear layer as
an infinitely thin vortex sheet. At a free jet flow of 30 m/s, the
corrections for both amplitude and direction were small and
are shown at the bottom of Fig. 3.

Results and Discussion
In this part of the paper, results are presented and discussed

for the clean airframe, the individual airframe components,
and the landing-approach configuration. The question of
scaling the model data to full-scale is also addressed.

The change in overall sound pressure level with radial
distance from the jet centerline for the free jet with sting
(background), the clean configuration, and the landing-
approach configuration is presented in Fig. 4. Radial distance
r has been normalized to the wing span b. The clean con-
figuration corresponds to all flaps set at 0 deg deflection, with
all landing gear removed and associated wheel-well cavities
plugged to provide a smooth lower wing surface contour. The
landing-approach configuration has the landing gear
deployed and flaps deflected at those values given in Table 2.
In this figure (and for all the data shown in this paper), the
background noise has been subtracted from the model data.
For the closest radial distance, the model in the clean con-
figuration is about 4 dB above the background, while the
landing-approach noise is about 10 dB above. At the farthest
radial distance, the differences are much less. For reference,
the change of sound pressure level for a compact source in a
free field environment (pa\/r) is also shown. The good
agreement between the data and the reference would suggest
that even though the model is large, the noise source regions
are most likely localized to a small area. Also, for reference,
the scaled FAR-36 measuring point for approach is indicated.
Most of the data in this paper will correspond to the FAR-36
condition, since this position yielded a good signal-to-
background noise ratio and eliminated the need for geometric
considerations when scaling the model data to full-scale
results.
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Fig. 5 Normalized one-third octave band spectra for clean con-
figuration, 0 = 90 deg, 0 = 0 deg.
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Fig. 6 Directivity pattern for clean configuration, V- 30 m/s.

Clean Airf rame
Spectra

Normalized one-third octave band spectra for the clean
air frame at an angle of attack of 8 deg are presented in Fig. 5.
The sound pressure level has been normalized by 60 log F/30,
where V is the jet velocity. The frequency has been non-
dimensionalized by d/V, where 6 is the boundary-layer
thickness at the trailing edge of the wing. Following Ref. 3,
this thickness was calculated as one for a flat-plate turbulent
boundary layer that had developed over a distance
corresponding to the mean aerodynamic chord. It is seen that
the data collapsed reasonably well using these parameters.
Also, the data are seen to agree on a quantitative basis with
the prediction of Ref. 3. This agreement suggests that the
clean model data will scale, since the prediction method is
semiempirical and based upon full-scale flyover data of
various aircraft. However, Ref. 3 assumes a Vs velocity
dependence on the noise while the present study shows a V6

dependence. The V5 dependence has as a theoretical basis8

the scattering of turbulent eddies near the edge of a semi-
infinite plane. The semi-infinite plane would be a good ap-
proximation to the present case only for sufficiently high
frequencies. The present data are dominated by low
frequencies, and peaks at a wavelength whose size is on the
order of the mean aerodynamic chord. Hence, a different
mechanism may be responsible for the noise production.

Directivity
The directivity of the clean airframe in both the flyover and

sideline planes is presented in Fig. 6. The data were corrected
using the information contained in Fig. 3 and adjusted to
constant radius from the source. Excellent agreement is
obtained between the data and a theoretical representation of
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Fig. 7 Effect of engine nacelles on one-third octave band spectra,
V= 30 m/s, 0 = 90 deg, 0 = 0 deg.
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Fig. 8 Variation of overall sound pressure level with trailing-edge
flap setting, V= 30 m/s, 0 = 90 deg, 0 = 0 deg.

the noise source as a dipole. The dipole representation has a
sin20 dependence for the mean-square pressure. In contrast,
the Ref. 3 prediction employs a cos2(6/2) dependence which
overpredicts in the forward arc and underpredicts in the aft
direction. The reason for the difference in directivity between
the present data and Ref. 3 is unknown. However, the data
base of Ref. 3 contains chiefly conventional aircraft, while the
AST-100 incorporates a low-aspect-ratio arrow wing
characterized by large leading-edge sweep (see Table 1). At
moderate-to-high angles of attack (a>6 deg) local regions of
vortex separation occur along the leading edge.9 This vortex
system (which dominates the aerodynamic behavior of the
configuration) may also dominate the aeroacoustic scene,
resulting in a whole body lift dipole.

Component Noise Levels
Each of the major model components was tested in-

dividually on the clean airframe in order to identify the noise
radiation from each item independent of the other noise
sources. It was found that the trailing-edge flaps, the main
landing gear, and one particular nacelle configuration had
significant (>0.5 dB) contributions above the clean aircraft
level. The apex flaps, the leading-edge/trailing-edge wing-tip
combination, and the nose gear made little if any contribution
to the noise field.

Effects of Nacelles
The AST-100 configuration has four engines mounted on

the underside of the wing and extending slightly past the wing
trailing edge (refer to Fig. 2b). The nacelles were modeled in
the present tests with 2.5 cm diameter brass tubing that had an
overall length of 17.2 cm. A short pylon was used to fit each
cylindrical nacelle to the contoured lower wing surface. The
nacelles were provided with both front- and aft-end plugs
having the shape of a paraboloid. It was uncertain a priori as
to the best method of modeling the flowfield about and
through a nacelle, so tests were performed to determine the
sensitivity of several configurations to the acoustic radiation.
Results are shown in Fig. 7. There is little if any difference
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Table 3 Component noise contributions
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Fig. 9 Variation of one-third octave band spectra with traiSing-edge
flap setting, V= 30 in/s, 0 = 90 deg, 0 = 0 deg.
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*
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*
*

2.8
*
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*
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Fig. 10 Effect of main landing gear on one-third octave band
spectra, V= 30 m/s, 0 = 90 deg, 4 = 0 deg.

between the airframe with nacelles removed and the two
configurations with the front ends plugged (plugged/open
and plugged/plugged). The unplugged (flow-through) con-
figuration provided a 10 dB noise increase in a narrow
frequency range around 1000 Hz. This acoustic radiation
corresponds to the fundamental resonance frequency of a pipe
with two open ends. Since such a standing wave pattern could
not exist internal to a real jet engine, it was concluded that the
flow-through configuration was unrealistic and engine
nacelles, in general, make a negligible contribution to air-
frame noise. The remaining tests involving nacelles were
performed using a front-end plug.

Effects of Flap Deflection
Overall sound pressure level as a function of flap deflection

angle is presented in Fig. 8. All six inboard trailing-edge flaps
had the same setting. The data correspond to the 0 = 90 deg,
</> = 0 deg overhead position. It is generally accepted by most
investigators2'3 that flap noise is caused by the convection of
wing-generated turbulence past the flaps producing lift force
fluctuations. This results in a dipole radiation pattern which
peaks in a direction normal to the flaps. If the noise source
strength does not change with flap deflection, then for a fixed
observer position beneath the aircraft the noise level would
decrease with increasing flap deflection (due solely to rotation
of the dipole axis). This is indicated by the solid line on the
figure. Note that the data show an increase in level for the
higher deflection angles. This implies an increased noise
source strength. Published aerodynamic data5 on the AST-
100 indicate that flow separation occurs on the upper surface
at the 30 and 40 deg flap settings. It is believed that the highly
turbulent separated flow convecting past the flap trailing edge
would contribute to the increased noise source strength as
observed in the figure.

In Fig. 9 is presented one-third octave band spectra for
several flap deflection angles. Increasing flap deflection
causes increased high-frequency noise radiation. The largest
increase is for 6^ = 40 deg, which is consistent with the
previous figure.

Effects of Landing Gear
Landing-gear noise is composed of sound generated by the

interaction of flow with the wheel-well volume and the ex-
ternal landing gear.10 Depending upon geometry and
Reynolds number, isolated wheel-well related sound can be
characterized by both broadband noise and discrete tones
whose intensity is reduced by the spoiling effect of the gear.
Also, externally generated landing-gear noise can either be
discrete or have broadband character. In the present tests the
nose landing gear had no measurable effect on airframe noise.
The main landing gear was found to have a large effect. In
Fig. 10 are presented noise spectra for the clean airframe, the
wheel-well cavities exposed, and the full landing gear
deployed. The cavities were very shallow by necessity because
of the very thin ( t / c = 3%) wing. It is known that shallow
cavities do not radiate intense tonal sound. Indeed, the
present data show that the cavity also radiated very little
broadband sound. The external landing gear was found to
contribute most of the broadband noise. The noise produced a
peak at 1250 Hz and added high-frequency energy to the noise
spectrum. The noise could not be attributed to any single
element of hardware. The landing gear was comprised of
many bluff bodies (cylinders) of various shapes and sizes
which experienced fluctuating forces through the shedding of
their unsteady wakes. Depending upon Reynolds number, this
shedding process can be either periodic or random and
produces sound accordingly, either tonal or broadband. In the
present tests the landing gear was coated with fine sand in an
attempt to simulate the high Reynolds number, turbulent
boundary layer on a full-scale aircraft. This resulted in fairly
broadband radiation, as the figure indicates.

Summation of Noise Components
Contributions of the individual components above the clean

airframe noise level for several directions 0 in the flyover
plane are presented in Table 3. As was already discussed, only
the trailing-edge flaps and the landing gear were significant.
The trailing-edge flap data correspond to a flap setting of 40
deg (the nominal setting for landing-approach as indicated in
Table 2). The results show that flap noise is greater in the
forward quadrant and less in the aft. This is consistent with
the dipole description of flap noise in that the noise should be
greatest in the direction normal to the flap. In contrast the
main landing gear displays a uniform directivity reflecting the
different orientations of the various bluff bodies comprising
it. If the acoustic energy from the individual contributions
made by the flaps and main gear is computed, the results
added and summed with the energy from the clean airframe,
and finally reconverted back to a decibel scale, a level is
obtained that is several decibels above the clean airframe (see
£ components). This level would be the difference between the
landing-approach configuration and the clean configuration
if the component noise intensities were linearly independent.
Note, however, that the measured landing-approach con-
figuration is higher than the linear sum of the individual
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Fig. 11 One-third octave band spectra for landing-approach con-
figuration and individual component contributions, V- 30 m/s, 9 - 90
deg, </> = 0 deg.
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Fig. 13 Variation of overall sound pressure level with angle of attack
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Fig. 12 Directivity pattern for landing-approach configuration,
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acoustic intensities. This result suggests that the components
may be interacting in such a way as to increase the noise.
Table 3 shows that the landing-approach configuration is
noisiest in the forward quadrant. This forward quadrant also
shows the largest difference between the measured noise level
and the sum of the components. It is believed that an
aeroacoustic interaction exists between the landing gear and
trailing-edge flaps in such a way as to increase the forward-
radiating flap noise. Referring to Fig. 2b, this interaction is
most likely due to the highly turbulent landing-gear wake
impinging on the flaps, thereby increasing the level of lift
force fluctuations and, hence, the noise.

Landing-Approach Configuration
Spectra

One-third octave band spectra for the landing-approach
configuration in the overhead position are presented in Fig.
11. For comparison purposes, the clean spectra and the
contributions of the individual landing gear and trailing-edge
flaps are also shown. As anticipated from the component
spectra, the landing-approach noise is several decibels above
the clean configuration with the differences becoming larger
as the frequency increases. At the lowest frequencies noise
radiation from the clean airframe dominates the spectra. The
flaps provide a broadband contribution which has its
strongest influence on the high-frequency spectra above 5000
Hz. Landing-gear noise influences the peak at 1250 Hz and
also provides a high-frequency contribution.
Directivity

The directivity patterns of the landing-approach con-
figuration in both the flyover and sideline planes are

OVERALL
SOUND
PRESSURE
LEVEL

FLAP SETTING

O 0°
D 20°
O 40°

0 205 10 15
ANGLE- OF-ATTACK, deg

Fig. 14 Variation of overall sound pressure level with angle of attack
(lines of constant drag are superimposed).

presented in Fig. 12. In contrast to the symmetric dipole
configuration seen for the clean airframe in Fig. 6, the noise
radiations show a large increase for shallow flyover angles
and a uniform pattern at the sideline. In the flyover plane, the
large increase is chiefly a result of forward-radiated noise
from the deflected trailing-edge flaps, as well as a smaller
contribution from the landing gear. At the sideline, it appears
that no single mechanism is responsible for the high values of
OASPL at large <t> values. A difficulty in assessing the
mechanisms is that the clean airframe itself does not have an
experimentally well-defined sideline directivity (refer to Fig.
6). This was because the background sting noise was dipole in
nature and increased with increasing 0 values. For 0 > 20
deg, the clean airframe could not be * 'heard" over the
background noise. For the landing-approach configuration
useful data were obtained for values of </> as high as 40 deg.
Component testing indicated that the landing gear (but not the
wheel-well cavities), the trailing-edge flaps, and the vertical
airframe surfaces (vertical tail and upper surface fins) all
made some contribution to the sideline with no single element
dominating. A uniform sideline directivity had been reported
previously from full-scale flyover tests.11>12

Effect of Flaps and Angle of Attack
In Figs. 13 and 14 are presented variations of overall sound

pressure level with angle of attack for several trailing-edge
flap deflections. Curves of constant lift (Fig. 13) and drag
(Fig. 14) for an untrimmed vehicle are superimposed on both
figures. The data are for the overhead position (6 = 90 deg,
</> = 0 deg). It is seen that for any given flap setting, the noise
level increases slowly at low angles of attack and much more
rapidly for larger angles. As mentioned previously, for angles
of attack greater than about 6 deg, a large-scale vortex system
separates from an inboard leading-edge position, rolls up, and
sweeps back past the aircraft trailing edge. This vortex which
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dominates the aerodynamics at large angles undoubtedly is
associated with the sudden rate of change of noise production.

Note also that at a given low angle of attack there is little
change in OASPL between the 0 and 20 deg flap setting but a
substantial change between the 20 and 40 deg flap setting.
This change is attributed to the flow separation phenomena
noted previously at the high settings. Curves of constant lift in
Fig. 13 suggest that during landing-approach there may be an
optimum combination of flap setting and angle of attack (the
"bucket" of the constant lift curves) to minimize air frame
noise. Curves of constant drag in Fig. 14 show a trend similar
to that for lift. A noise prediction scheme based upon
aerodynamic drag has previously been suggested.13

Scaling
There remains, of course, the question of scaling. A 0.03

scale model of a Boeing 747 has been previously tested in an
anechoic flow facility and results have been compared with
full-scale measurements.4 It was found that one-third octave
band spectra agreed with ± 3 dB for the case of both leading-
and trailing-edge flaps deployed based upon a simple
geometric scale factor relationship. However, the case for the
landing gear deployed would not scale. In another study
involving noise radiation from model landing gear/wheel-well
combinations,10 some agreement was obtained in scaling to
full-scale results. However, more recently,2 the same authors
have stated that extreme caution must be applied in employing
scaling to such a complex case as represented by landing
gears, and that neither model-scale experiments nor
calculations from basic principles provide the needed ac-
curacy.

For the present tests, it was found that the clean air frame
model spectra (see Fig. 5) agreed very well with a prediction
method,3 although differences in directivity and velocity
dependence were observed. Because of this agreement, scaling
on geometry and velocity appears to be an appropriate
procedure for estimating the full-scale clean air frame spectra.
If it is assumed that the mean-square acoustic pressure/?2 is
proportional to V6S/r2', where V is the jet velocity, S is the
wing area, and r is the source-observer distance, then
geometric scaling need not be considered further since the
microphone in the model study was placed at the appropriate
scaled position for FAR-36 on approach. Using the data of
Fig. 5 then, a full-scale AST-100 approaching at a speed of 87
m/s would have a clean airframe noise spectra peak of about
83 dB at a frequency of 30 Hz.

Model flap data (except for high flap settings where flow
separation occurred) also followed the full-scale observation
of dipole radiation normal to the flap surface. However, the
magnitude of the model flap noise was seen to increase when
the landing gear was deployed upstream. These component
interaction effects have been observed previously in model
studies,14'15 although there is no full-scale evidence as to its
importance. Hence, there is some uncertainty in how to scale
this effect.

The present model data results with landing gear deployed
displayed a uniform directivity which is not inconsistent with
the full-scale modeling of the struts, braces, and wheels as
independent bluff-body dipole radiators. However, the
present vehicle was comprised of 12 wheels per landing gear.
No full-scale data exists on such a configuration to compare
with quantitatively. The flowfield about such a configuration
must be very complex and Reynolds number effects probably
play an important role.

In addition to the questions on aeroacoustic source
modeling and amplitude scaling is the question of frequency
scaling. Usually, to obtain a reasonable measurement of full-
scale noise effects, model noise data should be considered at
frequencies up to and perhaps beyond 100 kHz. But this
presents difficulties from both a measurement and modeling
viewpoint. If one assumes bluff-body radiation at a Strouhal
number of 0.3 from some arbitrary element on the landing-
approach configuration, then the 31 kHz band at model scale

would correspond to a bluff body with a characteristic
dimension of 1/100 in. Modeling to this fine a detail is dif-
ficult. Moreover, this characteristic dimension would be 3/4
in. on a full-scale vehicle. This degree of detail obviously has
not been defined for a future supersonic transport. Hence, it
is difficult to assess quantitatively what would be the effect of
the high-frequency (> 31 kHz model scale) airframe noise
data. Qualitatively, one would still expect the massive
structures like the flaps and landing gear to generate most of
the noise and, indeed, these were accurately modeled at small
scale. Therefore, the high-frequency measurement limitations
are not considered to be of great consequence at this time,

Conclusion
Results have been presented from airframe noise tests on a

small-scale model of a supersonic transport concept in an
anechoic flow facility. For the clean airframe, spectra nor-
malization was achieved and a dipole directivity was
displayed. The landing-approach configuration showed an
increase in noise level over the clean configuration for all
angles with the largest difference being for shallow approach
angles. The increase was due chiefly to the landing gear, the
trailing-edge flaps, and the interaction between the two. The
airframe noise level was found to be a function of angle of
attack and flap setting; noise level minimization at constant
lift by proper combination of the two was indicated. Results
suggested that the model clean airframe and flap data could
be scaled to full scale, but some questions remain on scaling
the unique 12-wheel landing gear and the component in-
ter action effects.
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