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Unsteady Surface Pressure Characteristics on
Aircraft Components and Far-Field Radiated Airframe Noise

Hanno H. Heller* and Werner M. Dobrzynskif
Abteilung Technische Akustik DFVLR, Braunschweig, Germany

Aircraft wings and landing gears have been identified as primary contributors to airframe noise. An ex-
perimental and analytical research program was conducted to determine the relationship of aeroacoustic source
mechanisms at the origin and the resulting far-field acoustic radiation for these particular aircraft components.
Employing an aerodynamically very clean glider both as test vehicle and test bed, fluctuating surface pressure
characteristics were determined in regions that were suspected to be prime source areas—viz, the wing flap
trailing edges, and the region of highly turbulent flow impingement, or flow separation, on fairly large models of
four-wheel main landing gears. Source characteristics in terms of surface pressure spectra and longitudinal and
lateral pressure correlation lengths were used to predict far-field acoustic radiation with results that compared

favorably with measured data.

Nomenclature
a =ambient speed of sound, m/s
A =correlation area, m?
D =landing gear wheel diameter, m
D, =dipole strength, m*/s
f = frequency, Hz
Fp = fluctuating force, N
G, = power spectral density, W/Hz
G, = power spectral density, W/Hz

G,, =crossspectral density, W/Hz
=acoustic wave number, m ~!

/. =longitudinal (streamwise) correlation length, m

I =lateral correlation length, m

L, =pressure level, dB

M,  =freestream (flight) Mach number

n =number of correlated areas within a total radiating
area

Pr =rms sound pressure, Pa

Ds =rms surface pressure, Pa

G = freestream dynamic pressure, Pa

r =distance between source and receiver, m

U, = freestream (flight) velocity, m/s

Ax =longitudinal (streamwise) sensor-separation
distance, m

Ay =lateral sensor-separation distance, m

Y =total wetted span, Y=n-/,, m

v = coherence function, y= |G, , | /NG, -G,

o* =boundary-layer displacement thickness, m

7 = flap angle relative to the wing chord, deg

0 =angle between the dipole force axis and the direction
of radiated sound, rad

II =sound power, W

P = freestream density, kg/m?

w = circular frequency, s ~!

Problem Statementk

HE dominant aeroacoustic mechanisms of airframe noise
are intimately related to aerodynamically induced
unsteady pressures on aircraft components. Although aircraft
wings and landing gears have been identified as major con-
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tributors to airframe noise, the physical mechanisms of sound
generation by unsteady pressures on these components were
not fully undersiood and quantitative proof of the direct
relationship of fluctuating surface pressures and resulting far-
field sound radiation was lacking. Theoretical approaches to
predict airframe noise usually employed educated guesses on
the magnitude, spectral energy distribution, and correlation
characteristics of unsteady pressure fields on aircraft sur-
faces. Precise information on these quantities, however, is
necessary to determine the resulting unsteady forces on
aircraft components and the subsequent radiation of sound
due to these force fluctuations.

To obtain this information, researchers have frequently
resorted to wind-tunnel experiments employing elementary
shapes, such as flat plates, two-dimensional airfoils, or simple
three-dimensional bodies in order to determine surface-
pressure characteristics, and, in limited cases, also the
resulting far-field acoustic signal. Even with the greatest of
care, however, such tests are hampered by two major ad-
versaries, namely tunnel background noise and inherent
tunnel flow turbulence. Moreover, there is rarely enough
space available in tunnels to extend the measurement distance
far enough into the far-field, quite aside from the difficulty of
measuring acoustic signals in the presence of turbulent flow.
It is questionable therefore, whether results from tests carried
out under such unfavorable conditions can be readily applied
to the airframe noise problem.

Thus a ‘‘clean’’ experiment was called for where, under
realistic conditions, both source characteristics and resulting
far-field acoustic spectra could be measured in order to
determine the relevance of trailing-edge and landing gear
related sources to the complex phenomenon of airframe
noise.

The glider —particularly an aerodynamically very clean
glider — offers. itself as a distinctly qualified test object for
airframe noise research. There are several prime advantages,
not offered by any other experimental technique. First, a
glider represents a ‘‘near full-scale’’ aircraft when compared
to typical medium size commercial aircraft. Fairly close to
full-scale Reynolds numbers for wing surface flows may be
obtained. Typical glider speeds approach commercial aircraft
landing approach speeds, the relative motion of source and
observer is correctly simulated and, above all, there is no
disturbing engine noise.

Thus, in a basic study where surface pressure characteristics
on, say, aircraft wing flaps are to be related to a far-field
radiated acoustic signal, a glider is an excellent experimental
tool. Likewise, a glider is an ideal flying test-bed to investigate



810 H.H. HELLER AND W.M. DOBRZYNSKI

Fig.1 SB-10 glider approaching the acoustic measurement station.

Fig. 2 Sensor positions on and near the glider wing-flap trailing
edge.

source and radiation characteristics of aircraft components
such as landing gears, when employed as a carrier of ap-
propriate models.

Experimental Techniquesi

The test aircraft —the Braunschweig Akaflieg SB-10—is a
high-performance glider with an unusually large wing span of
29 m, an average wing chord of 0.8 m, corresponding to a
wing aspect ratio of 36.6.! The glider approaching the
acoustic measurement station is shown in Fig. 1.

There were two series of tests. For the first, the glider was
used in its original configuration, and surface pressure spectra
were measured by flush-mounted sensors near the trailing
edge of the wing flap, arranged both along and across the
flow direction. Figure 2 shows the arrangement of the BBN
type 382 piezoelectric sensors with a 6.0-mm-diam sensing
area. A total of 12 locations covered a lateral center-to-center
spacing from 1 cm to 33 cm and a longitudinal (steamwise)
spacing from 2c¢cmto 11 cm.

Due to the limited space within the two-seat glider cockpit,
the copilot was able to operate only one NAGRA two-track
tape recorder for data acquisition. Data were acquired at
flight speeds of 28, 35, 42, 49, and 56 m/s and for flap set-
tings of —10, 0, +10, +40, +70, and +85 deg, thus
covering a range of typical cruise and landing approach
conditions and configurations.

For the second test series, two main landing gear models
(synthesized from those of large commercial aircraft such as
DC-10, L-1011, or B747) of scale 1:4 were attached to the
wings of the SB-10 (Fig. 3). A total of four sensors (BBN type
376) —two in a front wheel at both sides, two more in an aft
wheel again at both sides —were installed flush within the
surrounding surface (Fig. 4). By turning the wheels, three
effective locations of the sensors with respect to the impinging
mean flow direction (i.e., 0, 90, and 135 deg) were obtained,
thus covering regions of attached and separated flow. Thus,
areas of particularly high fluctuating pressure intensities that

Al spectra are presented in terms of Y3-octave-band levels unless
otherwise noted. Levels are referenced to 20 pPa.
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Fig. 4 Flush-mounted sensor in 2 wheel of the landing gear model.

might act as potent sound sources could be identified. Surface
spectra were acquired for flight speeds from 28 to 56 m/s.
Acoustic data were again recorded by an onboard two-track
tape recorder. For both test series, glider surface pressure
spectra were analyzed either in Y5 octaves or in 10-Hz narrow
bands.

Far-field noise radiated from the SB-10, either in its clean
configuration or with landing gear models attached, was
measured by ground-located Briel and Kjaer I-in.-diam
condenser microphones. When measuring unweighted sound
pressure levels over a large frequency range (0.1 — 10 kHz) the
microphone height above ground of 1.2 m as used in cer-
tification measurements is particularly unfavorable. Thus,
two techniques were employed, one where the microphones
were laid flat on the concrete surface of the runway, another
where the microphones were elevated 5 m above ground. By
using data from both sets of microphones, one can avoid the
region of large level variations due to ground reflection effects
and employ well defined corrections of either —6 dB for the
ground-located microphones or —3 dB for the elevated
microphones. It should be mentioned that burying the
microphones into a hard and solid surface with their
diaphragms flush with the surrounding surface would be
ideal, requiring a —6-dB correction for all frequencies;
however, such a setup is usually not feasible.

Flight height and.speed were determined from the ground
through a high-speed (64-frames/s) camera. Far-field V-
octave band spectra were composed from individual ¥3-octave
band time histories.

Trailing-Edge Aeroacoustic Source
Characteristics and Far-Field Radiation

The wing profile of the SB-10 glider pertains to the Wort-
mann-Series with classification FX 62135, At a flight speed of
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Fig. 6 Narrowband wing-flap surface pressure spectra measured at
two locations upstream of the trailing edge (flap angle y = 0 deg).

50 m/s, the chord-based Reynolds number is about 3.3
million. Within the speed range investigated 28< U, <56
m/s) flow transition occurs at the 50-60% chord position.
Thus, surface flow is fully turbulent under all flight con-
ditions by the time it reaches the trailing edge.

Fluctuating Surface Pressure Data

Figure 5 shows typical surface pressure spectra at a location
1.2 sensor diameters upstream of the trailing edge at a flap
angle of =0 deg. Surface pressures are normalized with the
freestream dynamic pressure, frequencies are non-
dimensionalized on a Strouhal number basis. Since only
calculated,§ rather than measured, displacement thicknesses
were available, no finite transducer size correction is applied.
The measured trailing-edge spectra (with the exception of the
maximum near f-6*/U, =1.2, which may indicate the
presence of a discrete-frequency flow-shedding phenomenon
at the trailing edge, to be discussed) correspond to those that
have been measured for attached turbulent boundary layers
with equal physical properties (i.e., flap-angle, displacment
thickness, Reynolds number). Hence, the presence of a
boundary discontinuity seems not to affect the properties of
the approaching boundary-layer flow, which are in their
entirety determined by the upstream flow history. The edge,
of course, is instrumental in the sound generating process,
leading to an aeroacoustic dipole mechanism due to flow
spillage past an edge. .

Narrowband spectral analysis of trailing-edge pressure
fluctuations confirm the presence of a discrete-frequency flow
phenomena and indicate strongly periodic shedding processes
even for turbulent boundary-layer conditions. Evidently the
phenomenon is localized at the very trailing edge, since up-
stream measurements do not show any periodic flow behavior
(Fig. 6). Tones in the spectra cannot be normalized on a
Strouhal number basis with the displacement thickness as
length parameter. However, they were observed consistently

§$The turbulent boundary-layer displacement thickness was calculated
to be about 5 mm at the trailing edge for all speeds investigated and
flap angles —10< 5 < 10 deg.
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Fig. 7 Wing-flap trailing-edge surface pressure spectra for different
flap deflections (surface pressures not corrected for finite transducer
size).

and most pronounced for negative (i.e. upward) flap settings
in the immediate vicinity of the trailing edge. Further up-
steam, as also observed by Hahn,? the tones were immersed in
the broadband noise level.

The typical data scatter that occured for nominally iden-
tical flight conditions (i.e., £0.5 dB) and, more pronounced,
even for different sensor positions in the spanwise direction
(i.e. =2 dB) is illustrated in Fig. 7. Data for flap settings of
40<n <85 deg fall in a +3-dB band, with levels some 25 dB
higher than for the low-angle flap settings. The flow in all
likelihood was fully separated for the larger flap deflections.

Pressure-Field Correlation Characteristics

Postulating that the total radiating area for trailing-edge
noise can be represented by a number of incoherently
radiating surface pressure ‘‘correlation areas,”” both the
longitudinal (streamwise) and lateral corrélation lengths as a
function of frequency needed to be determined. Figure 8
shows the longitudinal pressure field correlation in terms of a
coherence vs a normalized sensor distance as measured by
Panton? on a flat portion of a glider fuselage. This is a dif-
ferent representation than that used by Panton, to illustrate
that there is, expectedly, no parameter combination that can
collapse pressure field coherence data into one curve. On the
one hand, the coherence of the fluctuating pressures increases
steadily towards unity with decreasing sensor separation
distance. On the other hand, for a given sensor separation
distance, the coherence reaches a maximum at some
frequency. Thus, there should exist a limiting frequency
below which no correlation length can be defined by in-
tegrating the curves shown in Fig. 8.

Before determining this limiting frequency, Panton’s data,
together with data obtained in the present study in the wing-
flap trailing-edge area, and data by Schloemer* and by Bull®
are shown in a representation employing a linear abscissa
scale (Fig. 9). The data need not necessarily fall all upon one
curve, since Panton’s data were taken on a flat portion of a
glider fuselage, while both Schloemer and Bull obtained their
data in wind tunnels on straight surfaces. Since ‘‘coherence vs
normalized sensor separation distance’’ is a ' continuous
function, correlation lengths can only be defined by a mean
value, i.e. the integral of ¥ vs f-Ax/U,. Numerical in-
tegration of the curve drawn through the SB-10 glider wing-
flap data yields a longitudinal correlation length of /, =0.72
U, /f. Corresponding information on the lateral coherence as
obtained in the present study, and by Schloemer* and Bull®
are shown in Fig. 10, the SB-10 data yielding a correlation
length of /, =0.26 U, /f. .

From Fig. 8 it can be seen that the curves tend to collapse at
frequencies above the frequency of the maximum coherence,
but fan out at lower frequencies. Evidently, the limiting
nondimensional frequency is given by that frequency where
each curve branches off. The corresponding nondimensional
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Fig. 8 Longitudinal coherence of surface pressure fluctuations as a
function of normalized sensor-separation distance measured on a
glider fuselage (after Panton3).
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Fig. 9 Longitudinal coherence of surface pressure fluctuations as a
function of normalized sensor-separation distance.

frequencies taken from data obtained by Panton,? Bull,* and
also by Bhat,® who measured longitudinal pressure field
coherence on a B737 aircraft fuselage, are plotted in Fig. 11
both for longitudinal and lateral coherence. Equivalent results
from measurements reported here correspond to relatively
low ratios of Ax/6* and therefore to frequencies below some
400 Hz. Because of possible vibrational excitation of the
pressure sensors in this low-frequency range, relevant data are
not included in Fig. 11. There exists, expectedly, a substantial
data scatter. However, a straight line of unity slope can be
drawn through the data points, yielding a simple expression
for the limiting frequency for both longitudinal and lateral
correlation lengths of f,,, =0.04 U,/6*. Hence, the
previously derived longitudinal and lateral correlation lengths
are only valid for frequencies above those defined by the
limiting frequency. Considering a test condition where the
glider flies with an airspeed of 50 m/s, the limiting frequency
would be aobut 400 Hz.

Prediction of Far-Field Sound Radiation from
Trailing-Edge Fluctuating Pressure Field

Generation of ‘‘edge noise’’ through the interaction of
attached turbulent surface flow and a (wing flap) trailing
edge, can be thought of as being the result of the
hydrodynamic acceleration of fluid flow elements at—or
rather just downstream of —the trailing edge due to the
fluctuating pressure difference between the upper and lower
trailing-edge surface. The unsteady force resulting from this
unsteady fluid-element acceleration causes equal and opposite
reactive forces on the trailing edge. Such forces can be
measured in terms of fluctuating pressures acting on ap-
propriate surface correlation areas. It should be realized that
the fluctuating surface forces on the trailing edge do not
generate sound, but rather the unsteady hydrodynamic
processes just downstream of the trailing edge, which are, in
turn, intimately related to the phenomena on the trailing edge,
where measurements are possible.

On the basis of these considerations it is fairly straight-
forward to develop an analytical expression for trailing-edge
sound power radiation, or, more appropriately, of the
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Fig. 10 Lateral coherence of surface pressure fluctuations as a
function of normalized sensor-separation distance.
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relationship between surface pressure spectrum and far-field
radiated sound pressure spectrum.

Sound power « radiated from a simple dipole source of
strength D, is given by Morse and Ingard’ as

pw?
127a’?

I(w) = D, 17 (1)

The mean square force 1F3 (w) | necessary to oscillate a fluid
element of characteristic dimension /is

lF4(w)I=p%w? ID,12/9 )

provided k:/<1, where k is the wave number. Insertion of
Eq. (2) into Eq. (1) yields an expression for sound power as
function of force fluctuation, i.e.,

3 w? IF3(w)l

]'I(w)=2 3)

wpa’

Assuming radiation in a free field, acoustic dipole sound
power is given by

2
ey = 22

2
3 pa (47re) 4

Employing Egs. (3) and (4), and replacing [F3 (w) !
P2(f)-A? (f) finally yields

[pr(f)]Z_?_szz(f) _gfz[lx(.f).[y(‘f)]z
ps(f) T4 a2 4 a? r?

&)
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giving the ratio of mean square far-field and surface pressure
for one source element.

In applying Eq. (5) to the problem of edge noise the crucial
assumption is made that the frequency-dependent relevant
pressure field correlation area A4 (f) can indeed be measured
on the trailing edge. It should be re-emphasized that Eq. (5) is
strictly valid for source dimensions much smaller than the
radiated wavelength. Taking an average value of both the
lateral and longitudinal correlation lengths as /, , =0.5 U, /f,
then k-1, ,=0.5Qnf/a) (U, /f) <1 for Mach numbers much
smaller than 0.32. This condition is approximately satisfied,
since glider flight speeds (and, typical landing approach
speeds, for that matter) are in the Mach number range of
0.2=M, <0.25,

Not having measured surface pressure fluctuations on the
lower flap side should not be considered a serious omission.
Mugridge,® for example, determined from wind tunnel ex-
periments that fluctuating pressure levels on the upper surface
exceeded those on the lower surface by about 10 dB. Thus, the
signal strength is evidently entirely determined by upper
surface flow, with no problem from possible correlations
between the upper and lower pressure field. Hence, it should
suffice to take data on the upper surface only to determine the
signal strength from an aircraft wing flap.

Having available all required input quantities, in particular
trailing-edge surface pressure spectra (see Fig. 7), longitudinal
(see Fig. 9) and lateral (see Fig. 10) correlation lengths, the
validity of Eq. (5) can be checked. The following two sup-
positions were made: 1) the total radiating trailing-edge area
is represented by n="Y//, incoherently radiating areas along
the trailing edgeq of extent /, =0.72 U, /f and [,=0.26 U, /f,
in the streamwise and lateral direction, respectively; and 2) the
directivity of the source is that of a half-baffled dipole source.
With these suppositions the following equation is obtained for
the ratio of surface and far-field pressure:

[Pr(f) ]2:0.3

vz U,y . 2(()—7r/2)
— in
ps ()

a’ fr? ©
The constant of proportionality in this equation is, of course,
only valid for the particular case under consideration. On this
basis the glider trailing-edge-related far field sound pressure
level spectrum, predicted from surface pressure information
(Fig. 12), shows acceptable agreement between predicted and
measured spectra for the time when the glider was directly
over the microphone array (6=0). The high-frequency
peak in the measured spectrum near 3 kHz is possibly due to
sound radiation from the horizontal stabilizer. Alternatively,
it could very well be due to some periodic vortex shedding off
the trailing edge as had been observed at certain sensor
locations near the flap trailing edge (see Fig. 6), assuming the
sensor to be sensitive only with respect to the ‘‘upper surface”
vortex shedding. The underprediction of the spectral portions
above 4 kHz could be accounted for by applying a Corcos’
finite transducer size correction.® The dashed lines in the low-
frequency range represent an upper bound for the predicted
far-field spectrum. In fact, for this particular prediction the
previously defined limiting frequency will be close to 400 Hz,
so that for lower frequencies the radiated far-field sound
pressure level will decrease due to a decrease in lateral and
longitudinal correlation lengths of the surface pressure field.

Landing Gear Aeroacoustic Source
Characteristics and Far-Field Radiation

The landing gear model investigated had a wheel diameter
of D =0.27 m. Reynolds numbers based on this diameter were
of the order of one million, leading to turbulent flow

I Distributing sound sources of equal strengths all along the trailing
edge seems appropriate because of the large aspect ratio of the SB-10
glider wings; the wings in this context can be considered as being
essentially “‘two dimensional.”’
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Fig. 12 Prediction of the far-field sound spectra from surface
pressure characteristics on the SB-10 wing flap trailing edge (6 = 0).

separation even when the forward wheel set was impinged
upon by undisturbed flow.

Fluctuating Surface Pressure Data

Previous model tests!®!! have shown that the dominant
mechanism responsible for sound radiation from a four-wheel
main landing gear bogie is related to turbulent flow im-
pingement on the rear set of wheels. Four-wheel main landing
gear sound generation is obviously concentrated in the region
aft of the forward wheel set and all over the rear wheel set.
Viewing the flow pattern (Fig. 13), it becomes quite obvious,
why strong unsteady flow phenomena should occur at these
locations. The turbulent wheel-flow wake is pushed down-
wards and inwards, resulting in violent flow patterns on the
inside rear wheel with highest fluctuating pressures at these
locations. A typical surface pressure spectrum measured on
the inside of the rear wheel of the landing gear model is shown
in Fig. 14. The data are normalized on a p,/q, vs Strouhal
number basis, with the wheel diameter as the relevant length
dimension. Data collapsée very well on this basis.

Figure 15 shows normalized surface pressure spectra at
various locations on the forward and aft wheel. All spectra
were measured in the inner region of the treads except
spectrum (h), which pertains to the outer region and is only
shown for comparison. A tentative explanation of the shapes
of these spectra is as follows:

—

C J)C )

Fig. 13 Schematic flow pattern around a main landing gear
configuration. '
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Fig. 14 Typical normalized landing gear wheel surface pressure
spectra.
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Fig. 15 Dependence of the landing gear wheel surface pressure
spectra on flow conditions at the measuring point.

Spectra (a) and (b), measured within an area of laminar
boundary-layer conditions represent some kind of ‘‘back-
ground spectra’’ exhibiting a few weak peaks—eliminated in
the figure—which cannot be normalized on a Strouhal
number basis and might be due to vibration effects.

Spectrum (c) shows high intensity levels of broadband
character due to flow separation in the v1c1mty, or upstream,
of the sensor location.

Spectra (d), (¢), and (g) are of similar character indicating
the impingement of flow shed off the forward wheel. The
significant level drop in the flow direction shows the decrease
of turbulence by flow acceleration around the wheel.

Spectrum (h) measured in the outer region of the tread can
be compared with spectra (a) and (b). As shown in Fig. 13,
this portion of the aft wheel is not impinged upon by flow
shed off the forward wheel, resulting in comparatively low
fluctuation-pressure levels.

Source Considerations

While sound radiation from a wing trailing edge can be
considered to be the result of ‘‘two-dimensional” flow
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Fig. 16 Prediction of the far-field sound spectra from surface
pressure characteristics on Ianding gear aft wheels (8 =11/2).

phenomena, a landing gear causes the flow to assume com-
plicated three-dimensional patterns. Thus, the typical acoustic
wavelength and the hydrodynamic wavelength at frequencies
near the spectral maximum are both of the order of the body
(i.e. landing gear) dimensions. In this regime, one would
expect ‘‘whole-body-dipole’’ sound radiation.

The fluctuating pressures, measured on the wheels—as
shown in Figs. 14 and 15—could thus not be considered
representative for ‘‘isolated patches’’ on the gear, but rather
as representative for the entire bluff body (specifically the rear
set of wheels and axles). Large correlated turbulent regions
shed from the forward wheel set cause reactive forces to occur
on the rear set of wheels of order pg-A, where pg is the
measured surface fluctuating pressure and A is a represen-
tative correlated surface pressure area on the wheel surface,
responsibie for the radiation of sound.

Prediction of Far-Field Radiation from Landing Gear
Surface Pressure Characteristics

In order to relate surface spectra to radiated far-field
pressure spectra in this aerodynamically complex case, the
basic approach was used, somewhat arbitrarily taking for
both the lateral and longitudinal correlation lengths a value of
l,=1,=0.5 U, /f. Assuming the prime radiating area to be
the inner portions of the rear treads (identified in Fig. 16
through crosshatching) that are impinged upon by the flow
shed from the forward wheels, a far-field spectrum was
predicted and compared with the measured far-field spectrum
(Fig. 16).

The agreement of predicted and measured spectrum is
surprisingly good. It should be emphasized that the somewhat
arbitrary assumption of the correlation lengths does not have
much effect on the prediction.

Applying the analytical expression, one finds that in the
high-frequency region, far-field and surface pressure spectra
have a f? dependence (i.e., their shapes are identical), At a
frequency where the lateral correlation length becomes equal
to half the width of the wheel, one finds a f/ dependence.
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Finally, where the longitudinal correlation length becomes
equal to that portion of the circumferential length—which is
considered as radiating—there is a f? dependence.

The overprediction for high frequencies, where correlation
lengths become small with respect to the body dimensions,
might be due to cancellation effects of areas of correlated
pressure fluctuations, an effect similar to infinite boundary-
layer flow conditions.

Conclusions
Wing Trailing-Edge Sources

Employing a high-performance glider as a primary test
vehicle, the feasibility has been demonstrated to: 1) determine
the characteristics of the relevant aeroacoustic sources (in
terms of fluctuating pressure spectra and pressure field
correlation characteristics) of trailing-edge noise un-
der realistic flight conditions; and 2) deduce the radiated
acoustic far-field from such sources. Although it can and will
not be firmly stated that an aircraft wing under flight con-
ditions generates sound purely through edge-located sources,
there is strong indication that other potential sources, such as
the lower wing surface turbulent boundary layer, are in fact,
of lesser importance. Since a glider wing has no high-lift
devices (such as multislotted trailing-edge flaps, which in
powered aircraft represent important sound sources), trailing-
edge sources can be specifically and usefully studied with no
non-trailing-edge-related sources to interfere.

The simple analytical model employed to predict trailing-
edge noise from measured source characteristics, that
assumed the prevalence of mutually uncorrelated sources
located along the wing trailing-edge span, satisfactorily
predicted far-field measured noise. Thus, there is strong
indication that the wing trailing edge is one of the dominant
sources of aircraft airframe noise.

Landing Gear Sources

Using an aerodynamically clean glider to carry fairly large
models of four-wheel landing gears, it was possible to obtain
sufficient signal-to-noise ratio to clearly identify the landing
gear related far-field spectra within the entire radiated air-
frame noise spectrum. By systematically mapping fluctuating
surface pressure spectra at appropriate locations on the wheel
surfaces—specifically in areas of turbulent flow im-
pingement, or areas of flow separation—regions of par-
ticularly high fluctuating pressure levels were identified.
Postulating these regions to be potential sources of landing
gear related noise, the application of a fairly simple analytical
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model to relate surface pressure spectra and far-field radiated
noise verified the region aft of the forward wheel set and the
forward and downward portion of the aft wheels as the
primary sources, since predicted and measured landing gear
noise showed acceptable agreement. Furthermore, results
from a companion study'? conclusively show that wheelwell
related aeroacoustic sources are of negligible importance in
airframe noise.
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