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SUMMARY

Acoustic wind tumnel tests were conducted of a two-dimensional wing
section with removable high-1ift leading and trailing edge devices and a
removable two-wheel landing gear with open or closed cavity. An array of far
field conventlonal microphones and an acoustic mirror directional microphone
were utilized to determine far field spectrum levels and noise source distri-
butions. Data were obtained for the wing with components deployed separately
and in various combinations.

The basic wing model had 0.305 m (1.00 ft) chord, which is roughly 1/10
scale for a one-hundred passenger transport airplane. Data were obtained at
70.7, 100, and 141 m/sec (232, 328, and 463 ft/sec) airspeeds, which covers
the range of practical approach speeds. Spectra were recorded at frequencies
to 40 kHz so that, when scaled to a typical full sized airframe, the frequency
region which strongly influences perceived noise level would be included.

Noise radiated by the leading edge slat was about 5 dB larger in amplitude
than was predicted by the noise component method. This noise was caused by
convection past the slat trailing edge of locally separated flow from the slat
lower surface. Noise radiation along the span of the trailing edge flaps was
shown to be caused by convection of turbulent flow inducing fluctuations of
incidence and loading, as with isolated airfoils in turbulent flow. Part-span
trailing edge flaps were found also to generate significant noise from their
gide edges at large deflection angles.

Relatively few component interaction effects greater than 1 dB occurred
at frequencies which scale to those of practical importance. The largest was
a 3 to 4 4B reduction for a part-span leading edge flap in line with a part-
span trailing edge flap. This occurred because noise radiation from the side
edges of the trailing edge flap was reduced by the spanwise variation in aero-
dynamic flow field caused by the part-span leading edge flap. Combining a
landing gear and trailing edge flap caused about 2 dB noise reduction because
of the decreased local velocity at the landing gear. The above two noise
reduction effects were not additive; the combination of a part-span leading
edge flap, landing gear, and part-span trailing edge flap produced only 2 to
3 dB noise reduction. At lower freguencies, landing gear cavity noise was



reduced markedly by leading edge flaps located upstream of the cavity and .
leading edge slat nolse was increased by a downstream trailing edge flap.

Deflected trailing edge flaps can cause redistribution of noise radiation,
reducing the local velocity and therefore the noise from landing gear at the
expense of increased flow turbulence and increased noise from the flaps. Use
of trailing edge flaps having variations of acoustic impedance along their
surfaces to reduce pressure fluctuations induced by inflow turbulence might
provide a significant reduction of airframe noise.

INTRODUCTION

Airframe noise, generated by motion of aircraft external surfaces through
the atmosphere, imposes a limit on aircraft minimum noise levels. As propul-
sion-gystem noise is reduced by changes to the engines and more extensive use
of inlet and exhaust duct acoustic suppression, airframe noise becomes rela-
tively more important. This is most apparent during approach, when engines
are operated at relatively low power settings and airframe noise-generating
components such as landing gear and wing flaps are deployed.

Several methods are available for predicting airframe noise for approach
configurations. Early methods such as the drag element method (reference 1)
were summarized by Hardin, et al. in reference 2. The noise component method,
developed and evaluated in reference 3, has been adopted (reference 4) for use
in the NASA Alrcraft Noise Prediction Program. These methods assume that
noise radiated by each individual component of the airframe can be calculated
independent of the presence of other components. Only the data analysis
method (references 5 and 6) implicitly includes component interactions by
using analytical methods with constants matched to measured flyover data for
one specific aircraft in different configurations. However, acoustic wind
tunnel tests (reference 7) showed that noise radiation from an airframe model
with several deployed components differed, over some portions of the frequency
range, from the sum of spectrs measured by deploying each component separately.
These differences were shown therein to be statistically significant and were
about 1 to 3 dB in magnitude. The tests were conducted at relatively low

Reynolds numbers (less than 106), so these component interaction effects might
have been caused by flow process not typical of full scale airframes.

If noise-reducing interactions can be produced by flow processes which
occur at full scale, use of such processes would provide a technique for air-
craft noise reduction. If certain geometries have an adverse interaction on
noise, they should be identified so that they can be avoided. The objectives
of the investigation reported herein were to (1) measure the noise radiation



from individual deployed airframe components, (2) compare those data with
predictions by available methods in order to assess the adequacy of those
available methods, (3) measure the noise radiation from airframe components
deployed together and compare with the acoustic sum of data from individual
components, and (L4) identify aerodynamic changes which produce the measured
component interaction noise effects to indicate how noise could be reduced.
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LIST OF SYMBOLS

Wing chord, m

Total trailing edge flap. chord, m

Landing gear wheel diameter, m

1/3 octave band center frequency, Hz

Height of open jet test section, m

Ianding gear cavity streamwise length, m

Free stream Mach number

Root mean square static pressure fluctuation on flap surface, N/m2
Free stream dynamic pressure, N/m®

Distance from airframe gquarter-chord to field point, m
Planform area of trailing edge flap, me

Planform area of leading edge slat, m2

Planform area of wing, m?

Wing maximum thickness, m

Free stream velocity, m/sec

Root mean square turbulence velocity normal to local mean velocity
in centerline plane, m/sec

Streamwise distance, m
Turbulence integral length scale for normal velocity, m

Corrected acoustic radiation ray path angle, equal to radiation angle
within airflow, deg

Angle between tunnel centerline and line connecting nolse source with
far field measurement position, deg

Angle at which refracted ray path is transmitted after passing through
shear layer, deg



DESCRIPTION OF EXPERIMENT

Acoustic Wind Tunnel

The acoustic wind tunnel, designed specifically for aerodynamic noise
research and described in reference 8, is of the open-circuit, open-jet type
(Eiffel configuration). Use of an open circuit and a muffling section upstream
of the tunnel fan reduces fan-generated noise to low levels for frequencies
above which the chamber surrounding the test section is anechoic. The open jet
is contained within a 5.5 m (18 ft) long, 6.7 m (22 ft) wide, and 4.9 m (16 ft)
high sealed anechoic chamber. The test section area and shape can be varied
by use of interchangeable tunnel nozzles. The maximum tunnel speed is in
excess of 200 m/sec (660 ft/sec) for the 53 x 79 cm (21 x 31 in.) cross section
used in this test program and in excess of 90 m/sec (300 ft/sec) for a 1.07 m
(42 in.) dia cross section. The rectangular test section was installed with
its larger dimension (test section height) horizontal. Reflection-free condi-
tions for broadband noise have been experimentally verified at freguencies
above 200 Hz. Data are corrected for refraction at the shear layer by the
method of references 9 and 10. The anechoic chamber and test section are
shown in figures 1 and 2.

The inlet section has a contraction ratio of 16.5 for the test section
used for this program. It is equipped with five turbulence suppression screens
and a fine cell honeycomb section. The net effect of the contraction and tur-
bulence suppression devices is to provide a spatially uniform, temporally
steady, jet flow with a turbulence level on the order of 0.2%. The test sec-
tion alrflow is brought into the tunnel diffuser by a collector with anechoic
treatment on its flow-impingement lip. The tunnel is driven by a 1500 hp
variable speed motor coupled to a centrifugal fan.

Tunnel speed control and model jet pressure and temperature control have
been demonstrated to be steady. This provides a statistically stationary test
signal permitting sequential acquisition of data. Microphone data were ampli-
fied and then recorded on a fourteen channel FM tape recorder which at 76 cm/
sec (30 ips) is capable of flat response operation to about 100,000 Hz. A
real time spectrum analyzer and ensemble averager provided time-averaged
narrow-band spectrum analyses, and real time third-cctave bandwidth analyses,
of direct and tape-recorded signals over a frequency range that exceeds the
200 to 40,000 Hz range. A correlation and probability analyzer is used to
obtain real time computation of acoustical signal auto and cross-correlation
functions.



Instrumentation

Conventional Far-Field Microphones. - A top view of the acoustic wind
tunnel test configuration and microphone installation is shown in figure 1.
The directional microphone, with its sphere-segment reflector surface and
focal point microphone on a forward support arm, was traversed along a track
parallel to the nozzle centerline. Fixed conventional far-field omnidirec-
tional microphones were mounted behind or to the side of this track at
positions that did not interfere with motion of the directional microphone.
Also, the fixed microphones were placed sufficiently far from the chamber
acoustic wedges to be in the acoustic free field. Recent calibrations
indicated that diffraction of sound waves near the wedge tips cause irregu-
larities in noise measured within l% to 2 acoustic wavelengths from those
tips. A 0.76 m (2.5 f£t) distance was selected as the closest allowable dis-
tance from any microphones to the wedges. At this distance, measurements
should be correct within 0.5 dB down to 630 Hz center frequency. Location of
the wing pitching axis at an existing circular cutout in the horizontal side-
plates (figure 1) placed a constraint on the omnidirectional microphone loca-
tions. Three fixed microphone positions were chosen as 750, 90°, and 105°
angular position at 3.25 m (10.66 ft) sideline distance. Two other fixed
microphones were placed at 60° and 120° angular positions at 3.05 m (10.0 ft)
radius. All microphones were at least 10 wing chords and 5.7 wing spans away
from the model. For frequencies down to 1 kHz they were at least 10 acoustic
wavelengths away. Thus the microphones were in the geometric and acoustic
far field.

Commercially available 0.635 cm (1/4 in.) condenser microphones were used
at these five locations. These microphones were mounted at grazing incidence
and were installed with protective grids. Several of these omnidirectional
microphones are shown in figures 2 and 3(a) mounted on support posts in the
anechoic chamber. Frequency response of the microphone and grid combination
for this noise source direction is flat to 8 kHz 1/3 octave center frequency,
increases to about 3 dB too high at 31.5 kHz, and decreases at higher fre-
guencies. This installation was chosen because the increased response nearly
compensates for atmospheric absorption along the acoustic path as calculated
from Table C.3 of reference 1ll. Since the sum of these two frequency-depen-
dent corrections was less than 0.2 dB through 25 kHz center frequency, it was
not necessary to apply an amplitude correction to those data. Combined cor-
rections of -0.3 dB at 31.5 kHz and +1.9 dB at 4O kHz were applied.

Directional Microphone. - The directional microphone used in this test program,
and the manner in which its focal point acoustic pressures are used in cal-
culating noise radiation spectra, are described in reference 12. The reflec-
ting surface, shown from the rear in figure 2 and the front in figure 3(a), is

a 1.067 m (42.0 in.) aperture spherical reflector with 1.346 m (53.0 in.)




radius of curvature. A low-power laser mounted at the back of the reflector
permits aiming the system and aligning the focal point microphone. The pol-
ished reflecting surface is used to align the laser with the reflector axis by

optical autocollimation technigues. A spherical reflector was used instead
of a parabolic reflector in order to attain reasonable depth of field with
reduced focal point aberration. Spatial discrimination (response of the
directional microphone to off-axis noise sources) is controlled by diffrac-
tion. As shown in reference 12, measured response to very small off-axis
noise sources at frequencies from 1 to 50 kHz closely matched the prediction
by Fraunhofer diffraction theory for a circular aperture. This spectral
resolution is shown in figure 3(b) for the frequencies used herein. Mea-
sured gain of the directional microphone system (ratio of mean square acoustic
pressure at the focal point microphone to that of an omnidirectional micro-
phone having the same acoustic path length) was shown to nearly follow the
behavior calculated from diffraction theory. This gain measured in the
absence of tunnel airspeed is reduced by scattering of sound by the open jet
shear layer. Scattering of sound increases at high frequencies and high
velocities, and has been calibrated for the open jet test section used in the
present study. The data were corrected for this effect.

This procedure gives a direct relationship between sound pressure level
(SPL) measured at the focal point microphone and absolute SPL at the same
acoustic path length for a point noise source. Based on the data correla-
tion of airframe noise developed in reference 3, the noise source distribution
on a wing or flap was more likely to resemble a line source with constant
strength per unit span, spanwise extent larger than the diffraction pattern
half-power width, and chordwise extent smaller than that width. An equation
which relates focal point SPL to absolute SPL of such a line source was
derived in reference 12 and used in the data analysis herein. If the noise
source is distributed over a larger chordwise extent or is nonuniform along
the span, a far more complicated method is needed to obtain absolute levels of
nolse radiation. In this report, noise radiation from the full span wing and
full span trailing edge flaps was taken as that from a constant-intensity line
source. Noise from part-span high 1ift devices was assumed to be the sum of a

constant-intensity line source plus a point source located at each lateral
edge.

The directional microphone system with its focal point microphone was
mounted on a track parallel to the tunnel centerline with the reflector axis
perpendicular to the test section centerline. Vertical position of the re-
flector centerline was at midspan of the test section. The directional
microphone could be aimed at midspan or 8.9 cm (3.5 in.) above or below the



tunnel centerline by tilting the reflector about a horizontal axis. These
latter positions corresponded to the side edges of the part-span high 1ift
devices. Output of the focal point microphone and the axial position sensor
were recorded on magnetic tape as the directional microphone system traversed
along the track at 0.85 m/min (2.8 ft/min). For frequencies down to 1 kHz,
below which spatial resolution would be relatively poor, amplitudes obtained
at this low traverse velocity are identical to those measured with the reflec-
tor stationary.

Airframe Companent Model

Clean Wing. - An important consideration for this test program was that
the test Reynolds numbers be large enough to achieve aerodynamic flow processes
typical of those at full scale. This requirement dictated using the largest
practical wing chord. However, chord was limited by flow distortion produced
by the lifting wing in the open jet. As discussed in the following section
entitled "Wind Tunnel Corrections”, this consideration limited the airfoil
chord with extended flaps to slightly less than half the open jet height. The
resulting basic wing model was chosen to have 0.305 m (1.00 ft) wing chord with
all high-1ift devices retracted. It was built as an unswept constant-chord
airfoil model of 53.3 cm (21.0 in.) span to fit within the existing solid side-
walls of the UTRC Acoustic Wind Tunnel. Tabs were machined integral with the
model to permit bolting it firmly to an existing support structure, shown in
figure 2, which permits varying the angle of attack. Tests at a typical full
scale approach velocity of 100 m/sec (328 ft/sec) correspond to a Reynolds
number of about 2 x 106 based on wing chord. Therefore it was necessary to
choose an airfoll section known to have good aerodynamic performance when
tested with high-1ift devices at this Reynolds number.

Supercritical airfoil sections were initially considered for this wing
model. However, only limited aerodynamic data were available for performance
of such airfoils with leading edge and trailing edge high-1ift devices. Most
of those tests had been peformed at larger Reynolds numbers. It was not clear
that representative local flow conditions could be achieved at airspeeds
attainable in the acoustic wind tunnel. The NACA 6A series of airfoils,
utilized on the first generation of business Jets, was also evaluated. Exten-
sive tests with high-1ift devices have indicated that aerodynamic performance
of these airfoils deteriorates as Reynolds number is decreased from 6 x 10° to
3 x 106. Acoustic wind tunnel tests would thus have local flow separation that
was not representative of full scale operation.

The NACA L-digit and 5-digit series of airfoils, developed in the 1930‘s,
still are used on propeller-driven general aviation airplanes. Of these, the
NACA 23012 airfoil has been used extensively because of its high maximum 1ift
coefficient, low drag coefficient at high 1lift coefficients below stall, and
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relatively high maximum lift-drag ratio at cruise. These favorable aerodynam-
ic features are retained at the low Reynolds numbers typical of small light-
planes at approach flight speeds and of these acoustic tunnel tests. Aero-6
dynamic performance of the NACA 23012 airfoil at Reynolds numbers near 2x10
with various high-1ift devices is known (references 13 and 1&) to be only
slightly below the documented performance at nominal full scale Reynolds num-
bers of 12x10° for larger ailrcraft. This airfoil shape was therefore chosen
for the clean wing model.

Trailing Edge Flaps. - The single slotted trailing edge flap was one of
the contours developed in reference 13 for use with an NACA 23012 airfoil sec-
tion. This shape, designated therein as slotted flap 2-i, had a chord length
0.2566 times that of the basic airfoil. As shown in figure U4(a), the retracted
position of the flap produced a closed slot except for the portion of the
lower surface close to the slot entry. Data had been presented in reference 13
for this flap shape at a test Reynolds number of 2.19 x 10° based on airfoil
chord with the flap retracted. This Reynolds number is close to that for the
present acoustic wind tunnel tests. From figure 37 of reference 13, maximum
1ift coefficient was found to vary smoothly with Reynolds number for this air-
foil alone and with a generally similar flap. Contours of maximum 1ift coef-
ficient as a function of flap leading edge position had been shown in figure 19
of reference 13 for this flap geometry at various deflections. The resulting
trajectory of optimum flap leading edge position as a function of flap angle
was utilized to choose the flap positions sketched in figure L4(b) for 15°,

249, and 4O° flap deflection. Maximum 1ift coefficient was known to ocecur
approximately at 40O deflection angle. The two smaller defleetion angles were
chosen because, according to the noise prediction method of reference 3,
approximately 4 dB increase of noise amplitude could be expected for each
successive increase of angle. This flap could be deployed over the entire
53.3 cm (21.0 in.) span or only the central 1/3 span of 17.8 em (7.0 in.).

Numerous tests of double slotted trailing edge flaps are summarized in
reference 13. However, the configurations tested with NACA 23012 airfoils
emphasized fore flaps with large leading edge radius and large camber. In
contrast, double slotted flaps typilcal of aircraft with high subsonic cruise
Mach numbers tend to have thinner fore flaps with smaller leading edge radius.
It has been shown in test of under-the-wing externally blown flaps, reported
in reference 15, that use of thick, large leading edge radius flaps reduces
necise radiation at moderate and high frequencies. Airframe noise from deflec-
ted flaps had been assumed in reference 3 to be caused by lift force fluctua-
tions induced on the flaps by the wing turbulent wake. From reference 16,
such noise radiation is reduced at high frequencies if the leading edge radius
is large compared with the turbulence length scale associated with those
frequencies. That is, noise is reduced if the leading edge is not sharp rela-
tive to the turbulence. Noise radiation spectra from a realistic double
slotted flap would therefore be simulated only if the fore flap had a smaller
leading edge radius than that of the main flap.
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Design of the double slotted flap was based primarily on configurations
described in reference 17 for a Reynolds number of 2.4 x 106. It was shown
therein that maximum lift coefficient of a wing with a 25% chord main flap
increased as fore flap size was increased to 10% chord. However, that 10%
chord fore flap had a relatively large leading edge radius. Therefore the
design was arbitrarily chosen to have the upper surface of that fore flap,
taken from Table 17 of reference 17, and the forward lower surface of a thinner
profile taken from Table L4 of reference 18. The aft lower surface was faired
to provide a representative shape. As shown by data from references 14, 17,
and 18, maximum 1lift generally occurs at a fore flap deflection of half the
main flap deflection. The test double slotted trailing edge flap was chosen to
have 20° fore flap and 40° main flap deflection. The 25% chord single slotted
flap model was used as the main flap of this double slotted flap. Position of
the fore flap relative to the main wing, and of the main flap relative to the
fore flap, was taken from the optimum positions reported in reference 17. The
resulting configuration is shown in figure 4(c). This double slotted trailing
edge flap extended only over the central 1/3 span.

Ieading Edge Slat and Flap. - Leading edge slat shapes tested with an
NACA 23012 airfoil section were reported in reference 19. These shapes are
representative of aircraft designed for low subsonic flight speeds. A more
practical shape for high-speed cruise was obtained by using the forward upper
15% chord of an NACA 23012 airfoil and the forward lower chord of the leading
edge slat given in Table 3 of reference 18. The slat lower surface contour
was empirically faired downstream of the 1/3 slat chord (5% airfoil chord)
station. Maximum 1ift coefficient was shown in figure 9 of reference 18 to
occur between 22° and 28° slat deflection. (At zero deflection, the slat
upper surface would have the same slopes as the wing upper surface.) An arbi-
trary 25° slat deflection, and optimum slat position for maximum 1ift coeffi-
cient, was chosen from those data. This leading edge slat was tested at con-
stant deflection with both the optimum gap and zero gap. At zero gap it rep-
resented a leading edge Kreuger flap as used on the Boeing T47. These two
positions of the leading edge slat are shown in figure 4(d). This leading edge
high-1ift device extended only over the central 1/3 span.

Landing Gear. - Design of the landing gear was based on relative propor-
tions of the nose and main landing gear for the Boeing 727 and Douglas DC-9,
scaled from drawings in reference 20. Ratios of wheel width to wheel (tire)
diameter and lateral spacing to wheel diameter generally matched those in
Table 1 of reference 21 for the Douglas DC-10 and Lockheed 1011 landing gear.
However , the ratio of exposed landing gear height to wheel diameter was about
half as large for the two smaller narrow-body jet transports of reference 20
as for the two wide-body aircraft of reference 21. The wide-body aircraft need
landing gear struts Llong enough to provide ground clearance for high bypass




ratio turbofan engines mounted beneath the wings. The smaller aircraft have
their engines mounted on the aft fuselage so they need relatively less ground
clearance. Turbulent wakes shed by main landing gear of the smaller aircraft
are a relatively smaller distance below the wing trailing edge flaps. Aero-
dynamic and acoustic interaction between the landing gear and trailing edge
flaps is more likely for these configurations. Exposed strut length therefore
was selected to match these short to medium range narrow-body aircraft.

Main landing gear of these aircraft are mounted in the wings and retract
toward the fuselage. ZFach landing gear strut fits into a cavity that extends
from the wing mount to the fuselage. These cavities are open when the landing
gear is extended; the cavity door actuator is linked to the strut. The wheels
fit into cavities within the fuselage. These fuselage cavities connect to the
wing cavities but are closed to external airflow except during gear retraction
and extension. As with the test reported in reference 22 but unlike that of
reference 21, the landing gear configuration built for these tests included a
strut cavity but not the enclosed wheel cavity.

Wheel tire diameter was chosen to maintain a large enough Reynolds number
to ensure that the measured spectra would be representative of full scale
spectra. It was shown in reference 21 that spectra measured with model two-
wheel landing gear at a Reynolds number of 1.6 x lO5 disagreed somewhat with
those for Reynolds numbers of 2.4 x 10° and 3.4 x 10° based on wheel diameter.
An average of spectra measured for the two higher Reynolds numbers and scaled
for dipole noise agreed with flyover data of full scale aircraft with landing
gear extended. At the lowest planned test airspeed for the program reported
here, a Reynolds number of 2.4 x 102 corresponds approximately to 5 cm (2 in.)
wheel diameter.

The resulting landing gear configuration is shown in figure 5. The model
comprised two wheels, an axle, a vertical strut, a diagonal brace between the
strut and cavity, a door, a door brace, and a rectangular cavity. Ratios of
various length dimensions to the 5.0 ecm (2.0 in.) wheel diameter, given in
this figure, were obtained as averages of these ratios for the Boeing 727 and
Douglas DC-9 main gear. Spanwise extent of the cavity was large enough to
permit mounting the strut at either midspan or 1/3 span. Consequently, the
cavity was somewhat longer than a typical strut cavity.

Although the wing chord and wheel diameter sizes were each determined by
separate criteria, their ratio (6) is typical of that for narrow-body commer -
cial jets and for business Jjets. However, a full scale cavity extends from
the wing lower surface to the under side of the upper-surface wing skin. It
would have been impractical to reproduce this cavity depth at the correct
chordwise location. Therefore the vertical wheel strut was mounted at 30%
wing chord rather than a more typical aft location. A two-plece cover plate,
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contoured to the airfoil lower surface shape, could be installed in the cavity.
Use of this cover plate allowed the wing to be tested with the landing gear
extended but without a cavity, or without either the landing gear or cavity.

Combined Configurations. - The basic wing model with retracted full-span
single slotted trailing edge flap (figure 6(a)) comprised the clean-wing con-
figuration. The wing with full-span (figure 6(b)) and 1/3 span (figure 6(c))
single slotted trailing edge flap is shown at one of the three deflection
angles tested. Figure 6(d) represents the wing with 1/3 span double slotted
trailing edge flap at its one test deflection. The third row from the top
shows the wing with each of its two leading edge high-1lift devices, a slat
(figure 6(e)) and a flap (figure 6(f)). Finally, the midspan and 1/3 span
positions of the landing gear extending from its cavity are shown in figures

6(g) and 6(h).

The leading edge, landing gear, and single slotted trailing edge flap
configurations were installed in various combinations to investigate first-
order and second-order interactions. Each leading edge device was combined

with both spanwise positions of the landing gear. FEach leading edge and/or
landing gear configuration was combined with both the part-span and the full-

span single slotted trailing edge flap. The approach configuration which con-
sists of the leading edge flap, landing gear at midspan with open landing gear
cavity, and part-span trailing edge flap is shown in figure 7 installed in the
acoustic wind tunnel. This same configuration also can be seen in figures 2
and 3, A total of thirty-one model configurations (including the clean wing
at two different 1ift coefficients as two configurations) were tested during
this investigation. These configurations and their gecmetric angles of attack
are listed in TABLE I. Corrections to angle of attack due to open jet deflec-
tion, and the resulting corrected 1ift coefficients, are discussed in the
section entitled "Wind Tunnel Corrections™.

Test Conditions and Procedures

Airframe noise generally is important only on approach to landing, when
all high-1ift airframe components are deployed and engine thrust levels are
reduced. Tests of airframe noise therefore were conducted to obtain aero-
dynamic flows representative of those past the airframe components during
approach. This was done by matching the expected lift coefficlent of each
test configuration to that which would be flown on approach by an airframe
operating with the same geometry. As described in reference 23, an approach
flight path at low altitude is generally flown at 1.3 times stalling speed to
provide a safety margin for gusts and control motion. PFor a given altitude
and wing loading, flight speed in steady level flight varies inversely with
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the square root of 1ift coefficient. Stalling speed is reached when 1ift
coefficient has been increased to its maximum value. Thus, 1ift coefficient
during approach is (1/1-3)2 or about 0.6 times maximum 1ift coefficient. Lift
coefficient in these tests therefore was increased as trailing edge flaps were
deployed to larger angles and leading edge high-1ift devices were added. Max-
imum 1ift coefficlent, and therefore approach 1lift coefficient, varied by a
factor of about 2 for the full range of configurations. The clean wing also
was tested at its design 1ift coefficient of 0.3 which provides minimum aero-
dynamic drag of the basic airfoil section. Maximum 1ift coefficients, and
approach 1ift coefficients corrected for the expected open-jet induced reduc-
tion to effective angle of attack, are listed for each configuration in the
following section entitled "Wind Tunnel Corrections".

Tests were conducted at 70.7, 100, and 141.k m/sec (232, 328, and 463 ft/
sec) wind tunnel velocities for all configurations except those with the lead-
ing edge slat. Those configurations were not tested at the highest velocity
because estimates indicated that airloads might overstress the slat supports.
These velocities differing by a factor of ,/2 were chosen to facilitate check-
ing the manner in which normalized spectra varied with velocity. These test
velocities also bracket the flyover velocities of nearly all flight test mea-
surements of airframe noise from turbojet and turbofan aircraft (references 6,
23, 2k, 25, and 26). Any effects of flight Mach number on noise amplitude and
spectrum shape should then be reproduced. The three airspeeds provided
Reynolds numbers of about 1.47 x 10°, 2.08 x 106, and 2.94 x 10° based on wing
chord, and Mach numbers of about 0.209, 0.296, and 0.422.

When the directional microphone was at either end of its track, the
reflector dish shielded noise from one fixed microphone and reflected noise
toward the adjacent microphone. Thus it was necessary to take the reflector
position into account when examining data from the far field microphones. At
each velocity, output of the five conventional far-field microphones was
recorded on magnetic tape while the directional microphone was at one end of
its track. The directional microphone was then traversed to the other end,
and its output signal was passed through a 1/3 octave filter having 10 kHz
center freguency and plotted on-line as a function of axial position. For
100 m/sec tunnel velocity, the unfiltered signal also was recorded on mag-
netic tape. When the directional microphone traverse was completed, the far-
field microphone data were again recorded on magnetic tape. On-line 1/3
octave spectra for center frequencies from 50 to 50,000 Hz were recorded for
the 90° microphone at all velocities. At first these spectra were taken for
both the upstream and downstream positions of the directional microphone.
Both spectra proved to be the same except for small reductions of high-fre-
quency noise when the reflector was downstream and therefore partially
shielding the background noise from the open jet flow collector. On-line
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far-field spectra then were taken only with the directional microphone
upstream.

Directional microphone traverses were taken along streamwise lines at
midspan for all configurations, along the side edges of part-span high-1ift
devices, and along streamwise lines through the landing gear strut and the
opposite side edge of the landing gear cavity. It was necessary to shut down
the tunnel airspeed in order to change manually the spanwise position of the
directional microphone aiming point.

All microphones were calibrated daily with a pistonphone. Air temperature
and relative humidity in the anechoic chamber were recorded manually during
each run, for use in calculating attenuation of acoustic signals. Air temper-
ature in the atmospheric-inlet wind tunnel settling chamber was measured for
use in determining the difference between settling-chamber stagnation pressure
and tunnel inlet nozzle static pressure at the test velocities. This pressure
difference was measured by a pressure gage having a dial marked linearly in
inches of water, to an estimated error less than 0.3 cm (0.1 in.) HyO.

Tape -recorded data were played back during and after the test program,
through a 1/3 octave band analyzer, to obtain 1/3 octave band spectra for the
conventional microphones. Data showing distinct peaks were rerun with con-
stant-bandwidth narrowband filters. Directional microphone output was passed
through 1/3 octave band filters having 2.5, 5, and 20 kHz center frequencies.
The filtered signals were connected to an x-y plotter, along with the traverse
position signal, to obtain plots of signal amplitude versus axial distance.
All acoustic pressures were normalized relative to 2 x 1072 n/m2 (2 x 10~
microbar) reference pressure.

Far-field spectra were found to contain a hump at high frequencies (above
8 kHz at 100 m/sec) which increased in amplitude as the configuration was
changed to increase the 1lift coefficient. This noise was found to be radiated
from the portion of the open-jet collector closest to the microphones, where
the deflected Jet impinged against the collector lip. Such noise had been
observed in the past with smaller models operated at smaller 1lift coefficients

in the low-turbulence airstream. It was unimportant relative to noise radiated

by those models in alrstreams containing grid-generated incident turbulence.
In contrast, these tests used a larger model at larger 1ift coefficients and
without upstream turbulence. The additional noise ‘was somewhat larger than
airframe noise at frequencies which scale to those which are highly weighted
in calculation of perceived noise level. Therefore an acoustic shield con-
sisting of 0.3 m (1 ft) depth anechoic wedges attached to a 1.2 x 2.4 m (4 x 8
ft) plywood panel was installed midway between the collector 1ip and the 90°
microphone. This shield was placed at an arbitrary position to intercept

13




noigse radiated from the collector without obstructing sound waves leaving

the trailing edge flap and refracted through the shear layer to that micro-
phone. Most configurations were rerun at 70.7 and 100 m/sec velocities with
that shield in place, and 1/3 octave spectra were recorded on-line for only
the 90° microphone. Tests were not conducted with the acoustic shield at 141 .4
m/sec velocity because the shield anechoic wedge tips closest to the shear
layer were visibly buffeted by induced airflow at that velocity. Spectra
measured at the 90° microphone with and without the anechoic shield generally
agreed within 1 dB for frequencies below the hump of collector noise.

Wind Tunnel Corrections

Shear Layer Refraction Effects. - Sound waves generated at the model are
convected downstream within the acoustic wind tunnel airstream and refracted
at the shear layer before reaching the far-field microphones within the
anechoic chamber. Resulting effects on measured directivity can be signifi-
cant at the test Mach numbers of about 0.21, 0.30, and 0.42. The associated
changes in acoustic path length of the convected and transmitted sound waves,
and divergence of acoustic ray tubes, produce corrections to measured SPL
amplitude.

An exaggerated ray path geometry assoclated with these corrections is
sketched in figure 8. For an observer measurement location at position Op
along sideline 1, the geometric measurement angle 8, is the angle of a ray
path from the source to the observer in the absence of tunnel flow, measured
from the upstream tunnel direction. For a subsonic flow Mach number M, sound
waves which travel from the source to the observer move within the flow at a
larger angle 8, from the upstream direction. This ray path reaches the shear
layer at point A, and nearly all the incident acoustic pressure fluctuation is
transmitted across the shear layer. The ray path 1s refracted to a trans-
mitted angle g, smaller than the radiation angle within the flow. This same
ray path would cross sideline 2 at the observer location Op. Measurements
at locations 07 and O, therefore must be corrected to the radiation angle 6,
of the ray path within the flow. This extended ray path crosses the two lines
of constant sideline distance at positions By and B,. As is shown in refer-
ences 9 and 10, negligible error is introduced by approximating the finite-
thickness shear layer with a discontinuity and by neglecting multiple reflec-
tions of sound within the jet. If the nolse source directivity were known,
corrections could then be derived as corrections to amplitude at the measure-
ment position. However, directivities of the several types of alrframe noise
sources are not kKnown. BEach measurement must therefore be shifted to a point
along the ray path which existed within the flow (corrected angle §_) at a
specified sideline distance or far-field radius. The ratio of far field
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distance at that point to the sum of in-flow and refracted ray path length
is then utilized to calculate the inverse-distance-squared amplitude
correction.

Effects of this refraction on amplitude and direction of the transmitted
sound waves were calculated by the method of reference 9. Resulting ray path
direction angles are plotted in. figure 9. The upper portion of this picture
shows ray paths extending from the model within the moving airstream to the
shear layer and then within the quiescent air to the microphones, for 100 m/
sec airspeed. Sound waves that move through the test section at 79° from up-
stream would be refracted to the sideline measurement position 60° from
upstream. Because the ray tube divergence along this refracted ray is greater
than that on a straight line from the model to the sideline at 79°, the mea-
sured sound pressure levels must also be increased. The resulting corrected
amplitude then corresponds to that which would be measured by a microphone
moving with the airframe at constant sideline distance and at 79° from the
airframe. The corresponding ray paths are shown in the lower half of figure 2
for the highest airspeed, and at the extreme angles for the lowest airspeed.

Corrections to measurement direction and measured amplitude, as calcula-
ted by this analysis, are tabulated below for the three microphones at 3.25 m
(128.0 in.) sideline distance. Corrections are listed for both constant-side-
line and constant 3.25 m radius positions. The correction to SPL is added to
the measured levels.

Velocity Measurement Corrected Correction to SPL, dB
m/sec Angle, em, deg Angle, 6., deg Sideline Radius
70.6 75.0 86.5 0.9 0.9

90.0 100.5 0.1 0.2
105.0 115.2 ~-1.3 -0.9
100.0 75.0 91.8 1.5 1.5
90.0 10k.9 0.2 0.4
105.0 119.0 -1.7 -1.1
1h1 L 75.0 99.8 2.3 2.4
90.0 110.5 0.kh 0.7
105.0 123.8 -2.1 -1.3

The other two microphones were at 2.64 m (102.0 in.) sideline distance,
corresponding to 3.05 m (120.0 in.) radius. The following calculated correc-
tions include the correction to SPL incurred by shifting to either 3.25 m
sideline distance or 3.25 m radius as for the above three microphones.
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Velocity Measurement Corrected Correction to SPL, dB

m/sec Angle, 9, deg Angle, 8., deg Sideline Radius
70.7 60.0 73.0 -0.6 -0.4
120.0 130.5 -5.3 -h.1
100.0 60.0 79.4 0.5 0.6
120.0 134.0 -6.2 -4.8
ik1.h 60.0 88.2 1.9 1.9
120.0 138.4 ~7.3 -5.6

Thus the absolute correction to measurement angle was largest for the micro-
phone position furthest upstream but the amplitude correction was largest at
the most downstream position. Knowing the corrected angle, one can then com-
pute amplitude corrections for other geometric arrangements such as a compari-
son at any other sideline or radius.

These corrections convert the measurements in the wind tunnel coordinate
system to a measurement system in which the microphones are fixed relative to
the noise source. Thus it corresponds to an airframe flyover measurement in
which the microphones are moving at the flight speed in a direction parallel
to the flight velocity. For ease in comparison with theoretical predictions,
it is convenient to use a retarded-time coordinate system. This coordinate
transformation effectively moves the noise source downstream relative to its
physical location, decreasing the corrected angles to values not very differ-
ent from the original measurement angles. The ray path direction in retarded
time, 6., is given by

cos B, = cos B VI-M25sin28, + Msin2g,

and the associated change in SPL caused by shifting to a constant radius
relative to the retarded source position is

T

ASPL = 20 log (sin8¢ /sin6,)
Resulting total corrections from measured quantities to those in a constant-

radius retarded-time frame of reference that is fixed relative to the air-
frame are tabulated on the following page.
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Measurement Retarded-Time Corrected Angle, deg and Correction to SPL, dB

Angle, deg 70.7 m/sec 100.0 m/sec 141.14 m/sec
60.0 6L.4, 0.3 62.5, 1.5 63.3, 2.9
75.0 ™h.5, 1.2 .6, 1.8 75.2, 2.6
90.0 88.6, 0.1 88.3, 0.1 87.2, 0.1
105.0 104k.3, -1.5 10Lk.0, -2.0 103.3, -2.7
120.0 121.4, -5.1 121.7, -6.3 122.1, -7.7

Thus the direction angles evaluated at the retarded time were within 3.3 deg
of the measurement angles. Amplitude changes were large for the downstream

measurement angle. For the 90° measurement position, data were shifted less
than 2° in angle and 0.1 dB in amplitude between measured quantities and

those for a retarded-time frame of reference.

Airframe flyover data have been presented (e.g., references 5 and 6) in a
retarded-time frame of reference which is fixed relative to the ambient air.
If spectra measured in those tests are corrected for the Doppler shift of fre-
quency, they should agree with those measured in an acoustic wind tunnel and
corrected by the above procedure to a retarded-time frame of reference that is
fixed relative to the airframe.

Open Jet Effect on Angle of Attack. - Lifting airfoils within an open jet
induce curvature of the shear layer and deflection of the jet. If the wind
tunnel has no downstream physical constraint on position of the deflected jet,
the lifting airfoil rotates the jet until its downward momentum is equal to
the 1ift force per unit time. Relative angle of attack is reduced by the jet
deflection, and curvature of the jet centerline produces an effective negative
camber that can be regarded as an additional decrease in angle of attack.

The first of these reductions in angle of attack (radians) is given by equa-
tion (6:23b) of reference 27 as (1/4)c/h per unit 1ift coefficient. Here, c
is the wing chord and h is the height of the open jet. The second term, due
to open-jet curvature imposed by the condition of constant static pressure
along the jet boundary, is (m/2Lk)(c/h)? per unit lift coefficient. Suppose
that the correction to 1lift coefficient is arbitrarily limited to 20% so that
flow field distortion should not be excessive. Then approximating the 1Lift
coefficlient by 21 times the angle from zero 1ift in radians, the ratio of air-
foil chord to test section height is limited to O.h/ﬂ. For the 79 cm height
of this acoustic tunnel, this would limit the wing chord to only 10 cm (4 in.)
which is impractically small for airframe component tests.
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If the open jet collector imposes a constraint on vertical position of
the jet, the jet is deflected upward ahead of the lifting airfoil and downward
behind it. Then only the second correction, proportional to chord to height
ratio squared rather than the first power, is applicable. This correction is
of opposite sign and four times the magnitude of the corresponding correction
for a solid-wall test section, given by equation (6:23a) of reference 27.

The samelconstraint of a 20% correction then limits the chord to héight ratio
to (2.4)2/m, or a 39 em (15.3 in.) chord for this test section.

An airfoil model with 22.9 cm (9.00 in.) chord and NACA 0012 airfoil
section had previously been tested in this acoustic wind tunnel. This air-
foll section would be expected to have a maximum 1ift coefficient near 1.5, at
an angle of attack of about 15°, in free air at the test Reynolds numbers and
Mach numbers. Assuming that the change in airfoil pressure distribution due
to flow distortion would not significantly change the maximum 1ift coefficient,
the increases of angle of attack at stall were calculated for the above two
possible flows. If the collector imposed a constraint on vertical position
of the test section airflow, only about 1° increase of angle of attack for
stall onset would be expected. More than 7° increase was calculated for a
flow without downstream consiraint. Measured stall onset, determined by the
onset of loud broadband noise, was found to occur when uncorrected angle of
attack was increased beyond 16°., This measurement confirmed the assumption
that the open jet flow collector imposes sufficient constraint on deflected
jet position so that the smaller of the two open-jet corrections is needed.
This correction, while small compared with that for a simple open jet, is
four times the magnitude of the correction for a closed-wall wind tunnel of
the same dimensions.

Corrections were applied as an increase of geometric angle of attack
such as to achieve the approach lift coefficient of 0.6 times maximum 1ift
coefficient. Part-span and full-span variants of the same configuration were
assumed to have the same maximum 1ift coefficient, and were tested at the
same corrected angle of attack. Because the variation of 1lift coefficient
with angle of attack was nonlinear for the high-1ift configurations, the
correction to angle of attack was applied by calculating the required 1ift
coefficient prior to correction. The data of references 12, 16, and 18 were
utilized to determine the geometric angle of attack which would yield that
uncorrected 1ift coefficient. Expected maximum 11ft coefficients, approach
1ift coefficients, intended (corrected) approach angles of attack, and
geometric (uncorrected) angles of attack are tabulated ~n the next page for
each configuration.
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Angle of Attack, deg

Configuration Meximum C;  Approach C; ~ Corrected Geometric
Clean wing, cruise - Q.30 2.0 2.5
Clean wing 1.52 0.91 7.5 9.6
Single flap, 15° 2.25 1.35 5.0 7.7
Single flap, 2u4° 2.52 1.51 4.0 6.0
Single flap, 40° 2.67 1.60 2.0 5.0
Double flap, 40° 2.95 1.77 - 8.0 - 3.5
LE slat or flap 2.10 1.26 11.5 15.2
1E+TE devices 3.02 1.81 1.5 6.5

Application of the open-jet wall curvature correction at large 1lift
coefficients, where the variation of 1lift coefficient with angle of attack is
nonlinear, has not been thoroughly established in aerodynamic testing. It is
possible that the true lift coefficients were somewhat larger than the nominal
approach 1ift coefficients. Flow visualization data confirmed that the test
conditions did not have extensive flow separation and therefore were well
below stall.

COMPARTISON OF SINGLE-COMPONENT DATA WITH PREDICTIONS

Clean Wing

The clean wing with retracted flap was tested at two angles of attack.
These corresponded to the airfoil design 1ift coefficient of 0.30 and the nom-
inal approach 1ift coefficient of 0.90 for this airfoil without high-1ift
devices. At the lower 1lift coefficient, far field spectra measured with omni-
directional microphones were essentially identical to the background noise of
the empty test section. Increased 1ift coefficient caused an increase of mea-
sured SPLs, particularly at high frequencies. However, this additional noise
is believed to be increased background noise of the wind tunnel caused by
curvature and deflection of the open jet due to wing 1lift.

Directional microphone measurements for the clean wing at a 1ift
coefficient of 0.90 and for the wing with a part-span leading edge flap are
plotted in figure 10. Traces are shown for 1/3 octave band center frequencies
of 5, 10, and 20 kHz at 100 m/sec velocity. They are plotted against stream-
wise distance, adjusted for the predicted distance that a sound wave moving
perpendicular to the flow would be convected downstream before it reached the
shear layer. Denoting the test section height by h and the free stream Mach
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number by M, this distance is Mh/2. A convection-adjusted distance of zero
corresponds to the position at which a sound wave leaving the clean wing

leading edge at 90° to the tunnel centerline would be observed by the direc-
tional microphone. For 5 and 10 kHz center frequencies the traces for the
clean wing had peaks centered at the convection-adjusted trailing edge loca-
tion. This result is consistent with the noise mechanism assumed for clean
wings in reference 3: +trailing edge nolse caused by flow of the wing bound-
ary layer over the wing trailing edge. Directional microphone. data previous-
ly given in reference 12 for NACA 0012 and 0018 airfoils had demonstrated the
same result. The peak noise radiation at 20 kHz center frequency was located
at 75% chord and was only about l% dB above tunnel background noise. This
very low amplitude noise came from locally separated flow in the indentation
to the wing lower surface (figure 4) at the forward position of the retracted
trailing edge flap.

Tape-recorded signals from the directional microphone traverses were
played back through 1/3 octave band filters for all center frequencies for
which the measured peak amplitude was more than 3 dB above background noise.
Resulting peaks, corrected for background noigse, were used for calculation of
absolute SPL by the method of reference 12, In this calculation the wing
tralling edge is assumed to be a line source. Spectra obtained in this manner
for the clean wing at both 1lift coefficients and 100 m/sec velocity are com-
pared in figure 11 with the spectrum predicted by the method of reference 3.
Measured levels were approximately independent of 1lift coefficient. They were
about 5 dB below the predicted curve except for a measured local peak centered
at 8 kHz frequency that matched the prediction. Overprediction had been
found in the study reported in reference 12 for tests at comparable Reynolds
numbers. It had been attributed to the differences in boundary layer turbu-
lence spectrum shape and level which occur at different Reynolds numbers.
(Absolute level of the predicted spectrum is based on a correlation of air-
craft flyover data for Reynolds numbers an order of magnitude larger than
those of the wind tunnel tests.) Peak frequency of the clean-wing measured
spectrum was at or below 2 kHz, in general agreement with the prediction.

In contrast, the total aircraft method of reference 2 would have predicted a
peak frequency given by 1.3 U/t which would be in the 3.15 kHz frequency band
for this model and velocity, well above the peak frequency.

In addition to broadband noise, clean wings can radiate discrete tones
or very sharp narrowband-random peaks if the Reynolds number is too low. The
laminar boundary layer on one or both surfaces of the airfoil then extends
to the trailing edge. Instabilities convected within the laminar boundary
layer can become coupled with trailing edge noise in a feedback process.

Such behavior is affected by the airfoil static pressure distribution. It
tends to occur on the lower surface of uncambered airfoils at high 1lift
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coefficients and the upper surface of cambered airfoils at low 1lift coeffi-
cients. The three velocities of this test program provided Reynolds numbers
of about 1.5, 2.1, and 2.9 million based on airfoil chord. The boundary

layer had been expected to become turbulent ahead of the trailing edge for all
test conditions. However, a hump occurred in the 1/3 octave band centered at
3.15 kHz for the clean wing at the lower 1lift coefficient and 70.7 m/sec air-
speed. Narrowband analysis resolved this disturbance as two narrowband-random
peaks centered at 3.23 and 3.34 kHz frequencies. The tone frequency for
laminar instability nolse from a flat-plate airfoil was calculated by the
method of reference 28 as 2.64 kHz for this test condition. Thus the tone
fregquency was predicted within about 1/3 octave, which is acceptable for show-
ing that this was the noise-generating process.

Leading Edge Flap

Spectra measured at the 90O microphone at 70.7 and 100 m/sec velocities,
with the acoustic shield placed between the collector and microphone, are pre-
sented in figure 12. Amplitudes are normalized to 100 m/sec velocity assuming
a dependence on velocity to the sixth power (a 9 dB difference between the two
sets of data at constant Strouhal number). This assumed velocity dependence
produces close agreement between the two spectra (open circles and triangle
symbols). However, these measured levels at a nominal 1ift coefficient of
1.26 are only about 2.5 dB above those for the wing alone at 0.90 lift coeffi-
cient. Thus they probably include background noise resulting from wing lift.
The clean wing without an acoustically shielded collector had a hump in its
spectrum above a Strouhal number of 20 (frequency of 6.3 kHz at 100 m/sec).
This collector-radiated noise at high 1ift coefficients was blocked from this
microphone by the shield.

Output traces from directional microphone traverses at midspan and the
side edge of the leading edge flap at 100 m/sec velocity are plotted in figure
10. Also shown are traverse data for the wing alone. If the leading edge flap
had produced constant noise per unit span, amplitudes measured at the side
edge would have been 3 dB below those at midspan. Instead, peak amplitudes at
the edge were about 4 dB above those at midspan. These peaks occurred at a
convection-adjusted position approximately 10% wing chord downstream of the
wing leading edge for both spanwise positions. 0il flow patterns on the for-
ward lower surface showed a region of separated flow on the flap lower surface
and forward lower portion of the wing. This region was approximately centered
at the wing leading edge, where the surface slope changes discontinuously.
Presumably the stagnation point for the wing and flap combination was near the
flap leading edge, and the separated flow was imbedded between the surface
discontinuity and an otherwise smooth flow which attached to the wing lower
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surface. Within the separated flow region, turbulent eddies caused by
unsteady flow attachment moved upstream and then moved spanwise to the
regions of lower static pressure at the side edges. Turbulence generated
elsewhere along the flap span was convected toward the side edges, so it is
reasonable that those edges should be strong noise sources. A much smaller
noise peak was centered at the adjusted trailing edge position and had the
same strength at both spanwise positions. This peak has approximately the
amplitude that would be expected if the peak of leading edge flap noise had
been faired smoothly into the background noise and added to the wing-alone
trailing edge noise. That 1s, the noise caused by the presence of a leading
edge flap seems to be associated with unsteady separated flow on the lower
surface of the flap and wing, and is radiated from the forward lower portion
of the wing.

Directional microphone data for 100 m/sec velocity were utilized to
calculate 1/3 octave spectra by the method of reference 12. Resulting data
are shown as solid symbols in figure 12, The solid circles are SPLs calcula-
ted for a line source with length equal to the leading edge flap span and
peak amplitude determined from the measurement at midspan. For 2.5 and 5 kHz
center frequencies these results were 1 to 2 dB below those measured with the
conventional far field microphone. For higher frequencies, the directional
microphone half-power width is less than the distance from midspan to the flap
side edges. Noise from those edges then has only a small contribution to the
measurement taken at midspan. For 10 and 20 kHz frequencles, the data trace
at the side edge was assumed to be the sum of a line source equal to the mid-
span level for half the field of view and a point source located at the edge.
Noise radiation from two point sources (both spanwise edges) determined in
this manner are plotted as diamond symbols, and sums of the line and point
sources are shown by X symbols. These sums are 2 and 3 dB below the spectrum
measured with the conventional microphone, which therefore was sensing a com-
bination of leading edge flap noise and wind tunnel background noise. For
this reason, directivity measurements with the conventional microphones showed
only a near-constant amplitude dependent of direction angle. Future measure-
ments of noise radiation directivity from leading edge flaps will require use
of a directional microphone with its resolving axis rotated through a range
of angles from the tunnel centerline.

Leading Edge Slat
The leading edge slat was first tested with 0.64 em (L/b in.) diameter
circular support struts located at l/h the slat span from each edge. With

these supports, the measured far-field spectrum contained peaks in the 1/3
octave bands which corresponded to a Strouhal number of 0.2 based on strut
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diameter and free stream velocity. To reduce this nolse, modeling clay was
added to the downstream ends of the struts to produce an arbitrary stream-
lined shape. The peaks were eliminated and SPLs were decreased about 4 dB at
higher frequencies. All configurations which included the leading edge slat
were re-run with the faired support struts. Tests with the slat were conduc-
ted only at 70.7 and 100 m/sec velocity because the estimated maximum airloads
on the slat at 141 m/sec might have overstressed the support struts.

Normalized 1/3 octave spectra measured at the 90O microphone position
for both test wvelocities are plotted in figure 13 for two possible velocity
dependences. JFrequencies are normalized as Strouhal number based on wing
chord, and amplitude is normalized relative to slat area and far-field dis-
tance. Amplitude is normalized to 100 m/sec by use of two assumed velocity
scaling laws: a fifth-power dependence appropriate for trailing edge noise
and assumed in reference 3 and the sixth-power dependence generally assumed
(e.g., reference 2) for surface-radiated noise. Both scaling laws produce
agreement between data for these two velocities. However, flyover tests with
the DC-9 aircraft (reference 6) over a larger range of airspeeds closely
matched the fifth-power variation, so that velocity exponent should be used.

The normalized spectrum predicted by the method of reference 3 is
compared with data in the upper part of figure 13. This curve, based on fly-
over data for the Vickers VC 10 ailrcraft with and without its slat extended,
is 4 to 5 dB below the data for these wind tunnel tests for all but the lowest
frequencies. Noise radiation from this model slat probably is unrealistically
high compared with that of a real slat, possible due to additional noise from
the support struts. Thus the prediction of reference 3 should be retained.

Noise source strength distributions at midspan and at the side edge of
the leading edge slat are compared in figure 14 with those for the leading
edge flap. Data are shown for 2.5, 5, 10, and 20 kHz center frequencies and
100 m/sec velocity. The slat noise radiation generally was about 15 dB
stronger than that from the leading edge flap. This is much larger than 6 dB
increment predicted by the method of reference 3. Slat noise radiation as
measured by the directional microphone at the three higher frequencies was 3
dB lower when the reflector was aimed at the slat side edge rather than at
midspan. At the edge position, the slat occupied only half of the spanwise
extent of the region viewed by the reflector. At midspan the slat extended
across the entire region. Therefore the 3 dB difference shows that the slat
radiated only as a line source without an additional point source located at
the edges as for the leading edge flap. Spectrum levels calculated from
these data agreed within 1 dB with those measured with the conventional micro-
phone and are not shown.

23



The observed noise source distributions for the leading edge slat were
maximum at the slat trailing edge, which was located approximately at the
wing leading edge. Trailing edge noise of the wing was increased, but that
noise was 10 to 15 dB below noise from the slat. Contrary to the noise
generation process assumed in reference 3, the dominant noise increase caused
by the presence of the slat was radiated entirely from the slat. Oil flow
visualization showed that the airflow was attached to all surfaces except the
slat lower surface. The measured slat noise apparently was generated by con-
vection of the slat lower surface separated turbulent flow past the slat
trailing edge. Additional noise may be generated by motion of this turbulence
past the wing leading edge. The observed noise radiation was strong over an
order of magnitude range of Strouhal number, as shown in figure 13. This is
a wide range, compared with the relatively sharp peak usually radiated by
trailing edge noise. It can be explained only if the spectrum of turbulence
intensity for this separated turbulent flow also is very broad.

Directivity of the leading edge slat and of other airframe components was
evaluated at the highest frequencies that were felt to be unaffected by noise
from the tunnel collector. These 1/3 octave center frequencies were taken as
5 and 6.3 kHz for 70.7 and 100 m/sec velocities, respectively (and 10 kHz at
141 m/sec for other configurations). They correspond to Strouhal numbers near
20 based on wing chord and near 3 based on slat chord. The resulting measured
directivity for the leading edge slat at 70.7 and 100 m/sec velocities is
shown in figure 15 as variations of 1/3 octave band SPL with retarded-time
directivity angle. Also shown are the directivity shapes calculated for two
possible noise generation processes. Slat noise seemed to be caused by con-
vection of turbulence past the slat trailing edge. Directivity of trailing
edge noise was shown in reference 29 to vary with Mach number in a manner
which depends on the assumed trailing edge boundary condition. If the Kutta
condition is not imposed at the trailing edge, and if the turbulence convec-
tion velocity is close to free stream velocity, equation (5.36) of reference
29 states that mean sguare acoustic pressure in the flyover plane is propor-
tional to (1-M coser)'3sin2(er/2). This predicted trailing edge noise direc-
tivity with convective amplification is plottéd as dashed lines in figure 15.
If the Kutta condition is imposed at the trailing edge, and if the velocity
of shed vorticity in the near wake is close to free stream velocity, equation
(5.37) of reference 29 gives the directivity function as (1-M coser)'lsin2
(6,/2). That is, if the Kutta condition is assumed to be satisfied at the
trailing edge, the variation of predicted trailing edge noise directivity
shape with Mach number 1s greatly reduced.

The above analysis applies to trailing edge noise from a very long flat

plate relative to the wavelength. TFor acoustic wavelengths of the order of
or greater than chord, acoustic waves would be refracted around the leading
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edge. The directivity shape would change toward that of a &ift dipole, with
mean square acoustic pressure proportional to (1L-M cos 6y)~ sin?er. This
shape is plotted in figure 15 as solid lines. Absolute levels for the two
sets of predicted curves were matched to data at 90° retarded angle. The two
predicted curves differ by less than 2 dB over most of the measurement range.
Data taken at the most forward microphone cause the measured directivity to be
best matched by the shape predicted for a 1lift dipole with convective ampli-
fication. However, predicted directivity of trailing edge noise for a flow
field that satisfies the Kutta condition (not shown) also would give a close
match to the data. That result would also be consistent with the fifth-power
velocity dependence found in these data (figure 13) and in the flight test
program reported in reference 6. This velocity variation is predicted for
trailing edge noise with both boundary conditions but not for dipole noisge.

Landing Gear

The 1/3 octave band SPLs measured at 90° for the wing and landing gear,
with the landing gear cavity both open and closed, are compared in figure 16
for 100 m/sec airspeed. Spectrum levels measured with the directional micro-
phone for 2.5, 5, 10, and 20 kHz center frequencies are plotted as solid
symbols. These levels were calculated by assuming that the landing gear
assembly was a point scurce. Good agreement is obtained except for the high-
est frequency, where the directional microphone half-power width is less than
the total width of the two wheels so the landing gear assembly is seen as a
distributed source. Note that noise radiation from the clean wing, as mea-
sured with the directional microphone, was of the order of 10 dB below tunnel
background noise. Also shown is the spectrum for the wing alone at the same
angle of attack, corresponding to a nominal 0.90 1lift coefficient. Note that
the spectrum for the wing and landing gear at frequencies below 800 Hz is
dominated by that of the 1lifting wing alone. As shown in the previous discus-
sion of noise radiated by the wing alone, this spectrum actually is background
noise of the acoustic wind tunnel caused by the wing 1lift force. The high-
frequency noise peak which occurred above 6.3 kHz for the wing alone was shown
to be wind tunnel background noise originating at the collector. The open
cavity added 5 to 10 dB over a frequency range from about 1.6 to 6.3 kHz at
this model scale. It added about 1 dB at higher frequencies corresponding to
the range in which large contributions to annoyance-weighted noise at full
scale would occur. This result that the presence of an open landing gear
cavity has little effect on landing gear noise radiation above the cavity
noise frequency region was first shown by Heller and Dobrzynsky (reference
21). Amplitudes of the two cavity tones shown in figure 16 were less than 85
dB, which is smaller than the values of 92 and 96 dB calculated from equation
(21) of reference 20 for the isolated cavity. As was also shown in reference
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21, the presence of the landing gear strut and brace protruding through the
cavity shear layer weakens the feedback process.

Narrowband spectra for the landing gear and cavity were measured at 70.7,
100, and 141 m/sec velocities. These spectra all contained three distinct
peaks, all of which were broader than a pure tone signal at the same band-
width. Measured frequencies at peak amplitude were converted into Strouhal
number based on cavity length and free stream velocity. The variation of
these Strouhal numbers with free stream Mach number is compared in figure 17
with that predicted by the method of reference 22. Two types of oscillation
were predicted by that method. Strouhal numbers for streamwise modes, cal-
culated from equation (1) of reference 22 for mode numbers from 1 to 4, are
plotted as solid lines. They decrease slowly with increasing Mach number.
Strouhal numbers for a depthwise standing wave, calculated from equation (2)
of reference 22, are plotted as a dash line. Comparisons with data for
cavities without landing gear, given in reference 22, had shown that stream-
wise modes for which the Strouhal number was far below that of the depthwise
mode would not be excited. This prediction was validated for the landing
gear cavity configuration in that noise peaks did not occur near the funda-
mental (n=1) Strouhal number. Measured Strouhal numbers were 5% to 10% higher
than those predicted, and followed the predicted trend. This good agreement
is within the range of scatter for two sets of data at nearly this same cavity
length to depth ratio but different sizes, given in figure U4 of reference 22.
From those data, cavity noise radiation had occurred for clean cavities at
streamwise mode numbers of only 2, 3, and 4 at approximately the two higher
velocities of these tests. Thus the disturbance to the shear layer by the
landing gear did not affect the number of modes excited at 100 and 141 m/sec
velocities. However, mode numbers from 2 to 6 had been reported in reference
22 for the clean cavity at approximately 70.7 m/sec velocity, while only mode
numbers from 2 to 4 were found for the cavity with landing gear. Thus the
method of reference 22 for isolated clean cavities predicted the tone fre-
quencies of a landing gear and cavity within 10%, but the presence of the
landing gear decreased somewhat the number of modes excited.

The 1/3 octave spectra measured at the 9OO microphone, with the cavity
open, were corrected for background noise caused by the lifting wing. They
were then normalized in amplitude by adding 20 log(R/D)+60 1log(V/100 m/sec)
where D is the wheel diameter. Frequency was normalized as Strouhal number
based on wheel diameter and free stream velocity. Results for the three test
velocities are compared in figure 18 with the prediction taken from equation
(11) of reference 3 adjusted to free field conditions. This prediction con-
sisted of an empirically picked analytical expression fitted to the data
correlation in reference 21. It can be seen from figure 18 +that the data of
this test program are coalesced except for cavity noise and are about 2 or 3
dB below that predicted by the method of reference 3.
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The effect of velocity on landing gear noise directivity is shown in
figure 19. Data points are corrected 1/3 octave SPLs for 5, 6.3, and 10 kHz
center frequencies at 70.7, 100, and 141 m/sec velocities, corresponding to
Strouhal numbers near 3.4 based on wheel diameter. Flagged and unflagged
symbols represent data for the wing and landing gear without and with the open
cavity. At the two lower velocities, noise radiation was increased by the
presence of the open cavity, causing different SPLs for the two configurations.
Also shown are directivity curves calculated for a 1lift dipole with convective
amplification and matched to the data at 90O retarded-time angle. These cal-
culated shapes closely match the data. They predict the large measured change
in directivity shape as Mach number was varied from 0.2 to O.4. The result
that landing gear nolse has the directivity pattern of a 1ift dipole with
convective amplification agrees with the landing gear noise mechanism assumed
in reference 30. That study had attributed the noise radiation to unsteady
pressure fluctuations on the wheel lower surface, fully correlated along the
wheel width. The measured directivity differs from constant amplitude at all
direction angles in the flyover measurement plane as assumed in reference 3.

Landing gear directivity data in the aft guadrant were reported in
figure 9 of reference 22 for a model with the same wheel diameter as this
model, tested at nearly the same Mach numbers (0.18 and 0.40). Those data,
uncorrected for refraction at the shear layer or for retarded-time position,
were shown therein to be closely matched by the predicted directivity of a
1ift dipole without convective amplification. The effects of the two correc-
tions on direction angle are small, but both corrections reduce the measured
SPLs in the aft quadrant. If those two corrections had been applied, measured
directivities would have been closer to the shapes reported herein.

Streamwise variations of directional microphone signal strength at 2.5,
5, 10, and 20 kHz center frequencies and 100 m/sec velocity are compared in
figure 20(a). Because the noise radiation and system gain have different
strengths at all these frequencies, the data are plotted normalized to peak
measured amplitude. Traces are shown for three spanwise positions: the land-
ing gear strut, the far edge of the open cavity 8.9 cm (3.5 in.) away, and
the same distance to the other side of the strut. Noise radiation at the two
lower frequencies is primarily from the cavity, while at the two higher fre-
gquencies it is from the landing gear assembly. All four curves had their
maxima on the aft portion of the wheels and cavity. It is known (reference
20) that cavity noise originates from the downstream edge. Apparently, as
shown in reference 21 by crosscorrelation experiments, landing gear noise is
radiated from the lower aft quadrant of the wheels.
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Streamwise plots of relative signal strength at 5 and 20 kHz and 100 m/
sec velocity are shown in figure 20(b) for the three spanwise positions.
These frequencies correspond to Strouhal numbers of 2.5 and 10 referenced to
wheel diameter. At the spanwise position of the wheel strut, the landing gear
plus cavity was about 1 to 2 dB louder than the landing gear alone at 20 kH=z
frequency. The cavity side edge opposite from the landing gear assembly
(denoted as far edge of cavity) radiated a signal roughly 5 dB smaller at
5 kHz and 10 dB smaller at 20 kHz frequency. The signal measured at an equal
spanwise distance in the other direction includes some noise from the strut
door but is primarily noise originating at the landing gear, off-center from
the directional microphone image point and was therefore 10 dB weaker than
that for the midspan traverse.

Trailing Edge Flaps

Far-Field Acoustic Spectra. - Spectra measured at the 90° microphone
position for 70.7 and 100 m/sec velocities are plotted in figure 21 for four
test configurations. Two of these are the wing alone at a nominal 1ift
coefficient of 0.9 and the 15° deflection full span single slotted trailing
edge flap. Both were tested without the acoustic shield. At the lower veloc-
ity, the presence of the trailing edge flap added several 4B up to 0.8 kHz
center frequency. This portion of the measured spectrum is believed to be
tunnel background nolse caused by the curved deflected shear layer produced by
the lifting wing and flap. Near 2 kHz the wing with trailing edge flap was
about 10 dB louder than the wing alcne, due to noise radiated by the deflected
flap.

Both of these spectra had local peaks at 10 to 16 kHz center frequency.
This high-frequency noise was found to come from impingement of the deflected
tunnel airstream against the tunnel collector. Two additional spectra are
shown for the 15° deflection full-span and part-span single slotted trailing
edge flaps, with an acoustic shield placed between the collector and the 90O
microphone. Below about 8 kHz frequency this shield had essentially no effect
on spectra measured with the full-span flap. At higher frequencies, shielding
the collector noise radiation caused about 6 dB noise reduction. The result-
ing irregularly shaped spectrum gualitatively agrees with the prediction by
the method of reference 3, given in this figure by three straight-line
segments.

The part-span trailing edge flap had the same chord as the full-span flap
but 1/3 the span. It would be predicted by the method of reference 3 to have
the same spectrum shape but 4.7 dB lower amplitude. Measured spectrum shape
generally was the same for these full-span and part-span flaps, but the

28



smaller flap was 4 to 5 dB quieter only above 8 kHz frequency. The difference
was only 2 to 3 dB at lower frequencies.

Normalized spectra for the part-span and full-span flaps at this deflec-
tion and measurement position are compared in figure 22. Amplitudes are
normalized for flap area and tunnel velocity, and depend only on flap deflec-
tion angle. Therefore the same normalized spectrum is predicted for both part
and full span flaps. Frequency is normalized as Strouhal number based on flab
chord. Data for the part-span flap with the acoustic shield at 70.7 and 100
m/sec, and without the acoustic shield at 141 m/sec excluding the highest fre-
quencies, are coalesced by the assumed sixth power velocity variation. Mea-
sured levels are underpredicted about L dB below a Strouhal number of 4 but
predicted within about 2 dB for Strouhal numbers larger than 6.3. The spec-
trum measured with the full span flap at 70.7 m/sec was closely predicted,
but spectra for the two higher velocities were about 4 dB lower between
Strouhal numbers of 2.5 and 8. From these measured spectra one might assume
that noise is radlated by trailing edge flaps by two processes, having peak
amplitudes at Strouhal numbers near 2 and 16.

Spectra measured at larger flap deflection angles are plotted in
normalized form in figure 23. DNormalized spectra for the 2L° geflection part-
span trailing edge flap, plotted in the upper part of this figure, were only
about 2 dB higher than the average of the data band for 15° deflection. The
method of reference 3 had predicted a 4 dB difference between SPLs at those
two angles. The predicted normalized spectrum generally is 2 to 3 dB above
these data.

Normalized spectra measured with the L0® deflection part-span and full-
span trailing edge flaps are compared in the lower part of figure 23. These
levels are normalized for flap area, so the same curve is predicted for both
part and full span. However, the normalized data for the full span flap are
L 1o 5 dB below those for the part span flap. Both configurations radiated
about the same amount of noise, even though one had 3 times the span of the
other. The prediction matched the data for the part-span flap for Strouhal
numbers less than 1 and more than 25 but was about 4 dB above data within that
range. Again, the effect of a factor of 2 change in velocity was prediected
by use of Strouhal number and a sixth power velocity dependence.

Measured 1/3 octave band SPLs radiated by the,LLOO deflection part-span
double slotted trailing edge flap were about 2 dB larger than those from the
same-deflection same-span single slotted flap. However, use of a Strouhal
number based on total flap chord causes these data points to be shifted half
an octave higher in Strouhal number, where predicted noise amplitude is
smaller. The resulting comparison of measured and predicted normalized spec-
tra for the double slotted flap is shown in figure 24. Measured levels were
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overestimated by about 2 dB for Strouhal numbers from 5 to 31.5 and closely
predicted at larger Strouhal numbers. Although the method of reference 3

overpredicted noise radiation from the 40° deflection single slotted flap

(figure 23), it generally was within 3 dB for the same deflection double

slotted flap.

Surface Pressure Spectra. - Additional diagnostic information was
obtained for selected configurations, including the part-span and full-span
40° deflection single slotted flap. Commercially available thin-film static
pressure transducers were attached to the central flap panel upper surface at
four positions. These positions were at 25% and 75% of the flap chord, at
both midspan and 25% chord from the side edge. The 25% flap chord position
was 1.9 cm (0.75 in.) downstream of the flap leading edge and was just barely
far enough behind the wing slot to permit calibration of the transducers with
a pistonphone. Data were taken at both 70.7 and 100 m/sec tunnel velocities.
Amplitudes of surface pressure fluctuation were normalized as 10 times the
logarithm of the ratio of 1/3 octave band mean square pressure fluctuation to
tunnel dynamic pressure squared. Center frequencies were normalized as
Strouhal number referenced to wing chord and tunnel velocity.

These normalized 1/3 octave surface pressure spectra are shown in
figures 25 and 26 for the full-span and part-span flaps, respectively. Data
for the two velocities were brought into general agreement by this normaliza-
tion. Typical meximum amplitudes are about -40 dB corresponding to 1/3 oct-
ave rms fluctuations which are 1% of free stream dynamic pressure. Spectra
generally contailn a broad peak at Strouhal numbers of order one and, for the
forward transducer positions, a sharper peak at Strouhal numbers of 20 to 50.
Moving from midspan toward the edge decreased the peak Strouhal number. It is
likely that this higher-frequency peak at 25% chord represents turbulence
generated in the flap slot region and convected above the airfoils. This
high-frequency turbulence probably is dissipated in the flap upper surface
boundary layer by 75% chord. The one condition at which this turbulence
persisted to the aft position was for the full span flap at midspan and 100
m/sec velocity, possibly due to locally separated flow. The difference in
peak Strouhal number between the two spanwise measurement positions on the
full-span flap may have resulted from the nominal edge position being closer

to a flap support bracket.

Pressure fluctuations at midspan of the full-span and part-span flaps
had about the same amplitudes at 25% chord but were about 5 dB stronger for
the full-span flap at 75% chord. In contrast, pressure fluctuations near the
edge were about 5 dB stronger for the part-span flap at both chordwise
positions. Note that for a full scale aircraft with 3 m (10 ft) wing chord
and 100 m/sec (328 ft/sec) flight speed, Strouhal numbers larger than 15
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correspond to greater than 500 Hz center frequency. In this region which is
important for predicting annoyance-weighted noise, both the midspan and edge
spanwise positions on the part-span flap at the forward chordwise position had
large fluctuating surface pressures. Pressure fluctuations at the forward
position on the full-span flap were of comparable size near mid-span but were
up to 10 dB weaker near the edge. For both flap configurations, surface
pressure fluctuations at these Strouhal numbers of practical importance were
of the order of 10 dB smaller at the aft than the forward position. Thus it
is likely that noise associated with inflow turbulence in the flap slot would
be more important than flap trailing edge noise.

Surface pressure fluctuations on the upper surface of the trailing edge
flap were crosscorrelated with each other and with the far field acoustic
pressure in an attempt to obtain further understanding of the noise process.
These tests were conducted at both 70.7 and 100 m/sec velocities for the hOo
deflection single slotted part-span flap. Signals were filtered to pass the
portion of the signal between 0.5 and 50 kHz frequency. For both velocities
and both spanwise locations, the crosscorrelations between upstream and down-
stream pogitions showed a clearly discernible peak. The delay times corre-
sponded to a pressure disturbance convected downstream at about 84% of free
stream velocity. Normalized correlation coefficient for these signals was
about 0.20 for the edge location at the lower velocity and 0.13 for the other
three cases. Crosscorrelations also were tried between the surface pressures
at the same chordwise location but different spanwise positions, and of sur-
face pressures and far-field acoustic pressure measured at the 90° microphone.
None of these combinations gave a noticeable signal, within an accuracy of
about 0.0l in normalized correlation coefficient. This absence of a measur-
able correlation between surface pressure and acoustic pressure can be under-
stood by use of the hot wire data discussed in a later section. Transverse
integral scale lengths of the turbulence in the flap slot and near the flap
trailing edge were two orders of magnitude smaller than the flap span. At any
instant of time, noise was being radiated from a very large number of
statistically independent source regions. No one surface region would have had
a large enough contribution to produce a significant correlation with far-
field acoustic pressure.

Distribution of Noise Source Strength. - Streamwise vartations of noise
source strength, as measured during traverses of the directional microphone
at midspan, are compared in figure 27 for the full-span single slotted trail-
ing edge flap at three deflection angles. These data were obtained at 100 m/
sec tunnel speed and are presented for the 1/3 octave bands having 2.5, 5, 10,
and 20 kHz center frequencies. The traces for each frequency are plotted at
their correct relative amplitudes. Streamwise distances are shown relative to
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the position at which an acoustic wavefront leaving the wing leading edge in
the direction normal to the tumnel centerline, but convected downstream
within the test section alrflow, would be predicted to leave the test section
shear layer.

The streamwise distribution of noise source strength at each frequency
can be determined from the normslized width of these curves. At 2.5 kHz the
resolution is so broad that all three flap angles radiate if they were line
sources. The distributions measured for the two smaller angles were approxi-
mately centered at the flap leading edge. That for 40OC deflection was cen-
tered about l/h wing chord further downstream, near the flap trailing edge.
At this center frequency, increased flap angle decreased the noise radiation.
For 5 and 10 kHz center frequencles, widths of the traces were halved by each
frequency doubling. Their noise radiation continued to resemble that of a
line source at the flap leading edge, within the instrument resolution, How-
ever, the traces for 40° deflection were wider and were centered further
downstream along the flap. This increase of center frequency reversed the
effect of flap angle on amplitude of noise radiation, with increased angle
causing increased noise at 10 kHz center frequency. For 20 kHz center fre-
quency the data traces for the two smaller flap angles are not noticeably
narrower than the 10 kHz case. Therefore the noise source is distributed
along roughly the forward quarter-chord of the trailing edge flap. The data
trace for 4O° flap angle increased rapidly as the reflector moved downstream
toward the convection-adjusted flap leading edge position. However, it
decayed more gradually after passing the peak in the source distribution.
This less rapid decrease was attributed to quadrupole noise generated by the
turbulent wake downstream of the flap.

Flow visualization pictures of surface oil-flow patterns showed that the
local flow was attached to the wing and flap upper and lower surfaces at the
two smaller deflections. At 40° deflection, airflow on the flap upper sur-
face was separated along roughly the rear half of the flap chord. The chord-
wise distribution of noise source strength along the trailing edge flap at
small angles is consistent with what would be expected for noise radiation
from an isolated airfoil in turbulent flow. Judged from the source strength
distribution shape and the flow visualization results, noise radiation from a
highly deflected trailing edge flap is a combination of two processes. These
are the noise caused by turbulent inflow and trailing edge noise caused by
motion of upper-surface separated flow past the flap trailing edge.

Streamwise variations of noise source strength at midspan and along a
side edge of a part-span single slotted trailing edge flap are compared in
figure 28 with those for a full-span flap at the same deflection. Data are
shown for all three flap deflection angles at 5 and 20 kHz 1/3 octave band
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center frequencies. For 15° deflection the data traces all were centered near
the flap leading edge. The full-span flap had the largest source strength at
20 kHz, with midspan location of the part-span flap about 1 dB gquieter. The
gide edge of the part-span flap was a weaker noise source. If the source
strength per unit span was constant along the part-span flap, the signal at a
side edge would be half of that at midspan and should be 3 dB lower. This
size difference occurred at 20 kHz (and, not shown, at 10 kHz) center frequen-
cy. At this flap deflection and thege frequencies, noise radiation from the
part-span and full-span flaps had an amplitude directly proportional to flap
span.

Results for 2u4° flap angle resembled those for 150 except that source
strengths at midspan approximately matched those for the full-span flap, and
the curves for the side edge were centered further aft along the flap chord.
Flow visuwalization showed separation on the flap upper surface along the rear-
ward half of the flap chord, with flow toward the side edges. At 40° deflec-
tion the full-span flap had the weakest of the three traces. The 40° deflec-
tion full-span flap had no more noise radiation than the 150 deflection flap,
despite its drag coefficient being more than twice as large (reference 13).
This result disproves the fundamental assumption of the drag element method
(reference 1) that airframe component sound power is directly proportional to
drag coefficient. Midspan of the part-span flap was strongest at 5 kHz,.but
the side edge was 3 dB above midspan and 5 dB above the full-span flap at 20
kHz center frequency. The traces for both spanwise positions along the part-
span flap were centered near midchord of the flap. Flow visualization showed
the upper surfaces of both the full-span and part-span flap to be fully
separated aft of the flap slot. The upper surface of the part-span flap had
a strong flow toward the edges, starting just past the slot. In contrast,
the lower surfaces of all trailing edge flaps had attached flow that was
nearly streamwise except very near the side edges of the part-span flap.

The 1/3 octave spectra determined from directional microphone traces for
the part-span and full span single slotted trailing edge flaps are compared
in figure 29 with spectra measured by the acoustically shielded conventional
microphone at the 90° position. Amplitudes of the directional microphone mea-
surements were corrected to the 3.25 m far-field distance of the conventional
microphone. This comparison is shown for 100 m/sec velocity. WNoise radiation
for the full span trailing edge flaps (circle symbols) was calculated as that
for a line source. That for the part-span flaps was calculated as a line
source based on the level measured at midspan (square symbols). For 10 and
20 kHz frequencies, the edge signal was assumed to be the sum of the midspan
line source over half the viewed area and an edge-located point source.
Noise radiation from the inferred point scurces is plotted as diamond symbols,
and .the acoustic sum of  the line and point sources is plotted as X symbols.



Spectrum levels determined by the two methods generally agreed within 1 dB.
The largest differences occurred at 20 kHz frequency, where levels measured

with the directional microphone for 15° and 40° flap deflection were 2 dB
above those for the conventional microphone. These directional microphone
data confirm the approximate variation of trailing edge flap noise with flap
area to the first power (4.7 dB difference between data for full-span and
part-span flaps) at 15° and 2L° deflection but not at 40° deflection.

Noise source strength distributions at midspan and the side edge of the
40° geflection part-span double slotted flap are compared in figure 30 with
those for the single slotted flap. Data traces for the double slotted flap
are displaced rearward by approximately the length of the flap vene. That is,
peak noise radiation from the double slotted flap at most frequencies came
from the leading edge region of the large-chord flap panel. At 5 and 20 kHz
it was roughly equal to what was measured when that panel was tested as a
single slotted flap. At 2.5 kHz the double slotted flap was 2 dB louder at
both the edge and midspan, and at 10 kHz it was 2 dB louder at midspan and
1l dB louder at the edge. TFor the double slotted flap at 10 kHz, noise at mid-
span apparently came from the small-chord vane while that measured at the edge
came from near the main flap trailing edge. This was the only example of sig-
nificant noise radiation from the flap vane. Most of the noise radiated by
this double slotted trailing edge flap was radiated by the large-chord main
flap. The edges were the strongest noise source locations at the higher model
frequencies of 10 kHz and higher, which would scale to high-annoyance frequen-
cies on full scale airframes.

Flow visualization patterns showed that the airflow was attached on the
wing, vane, and main flap lower surface and wing upper surface. The vane
upper surface flow was separated ahead of the trailing edge. The flap upper
surface had some separated flow on its upper surface followed by reattachment,
with strong spanwise flow toward the edges. Turbulence generated by the flow
separation could have been convected to the edges, causing the stronger edge
noise radiation at some frequencies.

The 1/3 octave band spectrum levels determined from directional
microphone measurements for the double slotted trailing edge flap are com-
pared in figure 31 with those measured with the conventional microphone at 90o
direction. Levels obtained by regarding the midspan trace as that from a line
source were 2 to 4 dB below those measured by the conventional microphone.

The point source determined by regarding the edge measurement as a sum of a
line and poimt source was stronger than the line source. From figure 30, this
concentrated noise radiation was coming from the rearward corners of the flap
(junction of the main flap side edge and trailing edge). The sum of the two
kinds of noise radiation was about 1 dB above that measured with the conven-
tional microphone and within 2 dB of levels predicted by the method of Ref. 3.

34



Directivity. - The effect of velocity on noise directivity for the full
span single slotted flap is shown in figure 32. Symbols with no, one, or two
flags denote data for 15°, 24°, and 40° deflection angle. Data are compared
for 5, 6.3, and 10 kHz center frequencies at T70.7, 100, and 141 m/sec veloci-

"ties, respectively, giving a Strouhal number of about 5 based on flap chord
and 20 based on wing chord. Increased velocity caused the directivity shape
to change, with relative increases in the forward and decreases in the aft
quadrant. These measured shapes and their variation with velocity were
generally matched by the directivity predicted for a 1lift diple normal to the
free stream, with convective amplification. Data for 15° deflection at all
three velocities, and 24° deflection at the highest and lowest velocity,
decrease somewhat more rapidly with increasing retarded-time angle than is
predicted for this orientation of a 1ift dipole. They would be more closely
matched (not shown) by the predicted directivity of a 1lift dipole rotated
through about half the flap deflection angle, with convective amplification.
However, data for the largest flap deflection were closely matched by the
curve predicted for a 1lift dipole normal to the flow. Perhaps this difference
occurred because the airstream was attached to the flap upper surface at the
two smaller deflection angles but was separated at the largest angle.

The same type of directivity comparison for the part-span single slotted
flap is shown inofigure 33. Data points at the 120° measurement angle are
not shown for 15 flap deflection and are questionable for the other two
deflections because of instrumentation problems with that microphone and pre-
amplifier. Excluding those data points, the measured directivities are
matched by the predicted shape for a 1ift dipole normal to the flow, with con-
vective amplification.

Directivity data for the part-span double slotted trailing edge flap are
shown in figure 3k. They alsoc have questionable levels at the most rearward
angle and are matched by an unrotated lift dipole with convective amplifica-
tion. Directivity data for a simplified 40O° deflection trailing edge flap,
not corrected for shear-layer refraction or retarded-time effects (reference
22), also do not seem to be rotated through the flap deflection angle. There
is no obvious reason why the noise directivity pattern for the three LO°
deflection trailing edge flap configurations of this test program, and for the
configuration of reference 22, should be that of an undeflected 1ift dipole.
The assumption in reference 3 that this directivity pattern is rotated through
the flap deflection angle apparently is wrong and should be corrected.
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EVALUATION OF NOISE PROCESS FOR TRAILING EDGE FLAP

Analytical Concept

Noise radiation from deflected trailing edge flaps is a major contributor
to annoyance-weighted airframe noise (references 2, 3, 25, and 26). The data
correlation developed in reference 3 showed relatively flat 1/3 octave band
spectra over a factor of 10 in frequency for single and double slotted flaps
and a larger factor for triple slotted flaps. Because of this large amplitude
over a range of frequency, flap noise reduction will require altering the
initial noise radiation source rather than shape and size changes which re-
distribute acoustic energy to low-annoyance frequencies. Reduction of noise
source strength can best be achieved 1f the noise-generating mechanism is
understood. The apparent variation of trailing edge flap noise radiation
with flap area to the first power and flyover velocity to the sixth power,
and the general spectrum shape, are what would be expected for noise radiation
from airfoils immersed in a turbulent flow. If fluctuations of loading on the
flap due to convected turbulence are the cause of this noise, then methods
for reducing such noise radiation from isolated airfoils could be applied
directly.

Another possible noise generation mechanism for trailing edge flaps is
trailing edge noise (reference 32). If the flow over the flap aft upper sur-
face is separated, then turbulent eddies within this flow would be convected
downstream causing large fluctuations of loading very near the trailing edge.
Noise generated by this process for an attached turbulent boundary layer
normally is relatively low in amplitude., However, the high turbulence levels
and large eddy sizes in the high-shear region of a separated flow can generate
much stronger noise. Trailing edge noise generally has a much more sharply
peaked spectrum than that observed during flyover measurements of ailrcraft
with deflected trailing edge flaps.

An exact analytical method for predicting noise radiation from thin
isolated airfoils in uniform isotrople turbulent flow was developed in refer-
ence 31. This method includes acoustic noncompactness. Noise radiation spec-
trum in a given direction is predicted as a function of airfoil chord and
span, far-field distance, flow velocity, flow Mach number, turbulence rms
velocity, and turbulence integral scale length. The digital computer program
developed in the study reported in reference 31 was readily available.
Derivation of the computer program includes some assumptions that are not
necessarily valid for deflected trailing edge flaps: 1isotropic turbulence
which is homogeneous in both the chordwise and spanwise directions, small
leading edge radius relative to the turbulence scale length, and no other
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solid surfaces nearby which might reflect or refract sound waves. Also, the
data correlation of reference 32 was available for predicting spectrum shape

and amplitude of trailing edge noise for a given direction, velocity, far-

field distance, and turbulence intensity and scale length. Spectrum levels

produced by both of these noise generating processes therefore could be cal-
culated from the measured turbulence properties.

The objective of this portion of the investigation was to determine
whether the measured turbulence properties near both the leading and trailing
edges of a deflected trailing edge flap, utilized in available methods for
predicting noise radiation from an isolated airfoil in turbulent flow, gave
reasonable predictions of measured noise spectra from trailing edge flaps.

Turbulence Measurements

Spatial variations in the mean and turbulence velocity fields were
examined by traversing the regions of the flap slot and flap trailing edge
with a single hot wire. This wire was parallel to the spanwise direction so
it measured the resultant of the mean and turbulence velocities in the other
two orthogonal directions. Data were taken at midspan of .the 40O° deflection
part-span single and double slotted flaps. As sketched in figure 35,
traverses were taken normal to the airfoil chord line within the slot of the
single slotted flap and within the two slots of the double slotted flap.
Traverses also were taken normal to the 40° deflection chord line just down-
stream of the main flap trailing edge. A remotely controlled traverse mecha-
nism was installed outside the free shear layer for these tests, and the
probe support rod extended across a considerable length of flow. These tests
were utilized to locate the position of maximum rms turbulence velocity

within each traverse line.

At each of these five positions, a crossed-wire probe was used to
measure flow direction, mean velocity, turbulent intensity, and length scale
of the velocity component parallel and perpendicular to the mean velocity in
the mean flow direction, within the midspan plane. The crossed-wire probe
consisted of two 0.0005 cm (0.002 in.) diameter tungsten hot wires perpen-
dicular to each other and located in the midspan plane. The probe support
extended spanwise through holes drilled in the tunnel sidewall. Hot-wire
anemometer linearizing circuits were used to produce the same linear rela-
tionship between mean velocity and anemometer dec output voltage for both
channels. The two sets of signals were input to a sum and difference network.
With this arrangement, the difference between the two dc signals was zero
when the probe was rotated to a position at which the mean velocity vector
bisected the angle between the two wires. The sum of the two dc signals was
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proportional to mean veloecity. The rms sum and difference of the two ac
gsignals was proportional to the turbulence components parallel and perpen-
dicular to the mean velocity, respectively. These turbulence signals were
input to a real-time correlator to obtain autocorrelations and therefore
Eulerian time scales. From Taylor's hypothesis, the local streamwise and
transverse turbulence integral scale lengths are the product of Eulerian time
scale and local streamwise mean velocity.

All turbulence data were taken at 76.2 m/sec (250 ft/sec) free stream
velocity. To facilitate their use at other speeds, data are presented as
ratios of local velocity to free stream velocity.

Results of the single-wire traverses within the slot and above the
trailing edge of the single slotted flap are presented in figure 36. Maximum
mean velocity in the slot, at the edge of the wing lower surface boundary
layer, was about 90% of free stream velocity. It decreased as the probe
entered the region of flow which was approaching the flap stagnation point and
then increased toward free stream velocity. The maximum rms turbulence level
(6.6% of free stream velocity) occurred roughly half way between the slot
upper surface and the flap stagnation streamline, in the velocity gradient
produced by the flow deceleration imposed by the flap leading edge region.
This turbulence level is typical of a jet free shear layer. The high mean
velocities near the slot lower surface show that airflow was attached to the
slot surface. In contrast, measurements above the trailing edge showed mean
velocities less than 37% of free stream velocity for more than 2 cm (0.8 in.)
above the flap upper surface. Two free shear regions occurred, one betwen the
flow which had passed through the flap slot and the flow which originated in
the wing upper surface boundary layer, and the other between that second
viscous region and the free stream. The inner shear region, which presumably
was the only one close enough to the surface to influence noise radiation, had
more than 13% rms turbulence level.

Corresponding results for the double slotted flap are plotted in figure
37. Data are shown only for the slot between the airfoil and the fore flap,
and above the main flap trailing edge. The traverse in the slot between the
fore flap and main flap gave maximum mean velocities of about half the free
stream velocity and maximum turbulence intensity of 0.6% for streamlines that
passed within the slot. The low value for mean velocity is caused by the very
high 1ift coefficient for the fore flap of a double slotted flap, which
greatly reduced the local velocity near that flap's lower surface. The low
turbulence level is reasonable if all of the wing lower surface turbulent
boundary layer had passed through the first slot and only an inviscid low
turbulence flow approached this second slot. Noise spectra calculated for
flow of this low-amplitude turbulence at the measured low velocity ratio were
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about 30 dB below data. Thus the turbulence entering the second slet is not
associated with noise radiation from this double slotted flap. Because the
directional microphone measurements had shown that noise was produced by the
main flap panel at midspan, this noise may have been produced by turbulence
from the first slot that was convected past the vane upper surface.

Maximum mean velocity ratio of 1.1, and 6.7% turbulence level, in the
forward slot were reasonably close to those measured with the single slotted
flap. In contrast, mean velocities above the trailing edge of the double
slotted flap were about twice, and peak turbulence levels about half, those
for the single slotted flap. The profile of mean velocity for the double
slotted flap shows a region of high velocity at about 0.75 cm (0.3 in.) above
the surface, probably coming from the second slot. This region is bracketed
by local maximum of about 5% turbulence level. The combined wakes of the fore
flap and the wing upper surface cause a local minimum in mean velocity at
about 1.5 cm (0.6 in.) above the trailing edge. Flow over the upper aft
face of the double slotted flap clearly is well-attached compared with that
for the single slotted flap (figure 36). This improved flow attachment is
the reason for using multiple slotted flaps.

As shown in figure 35, positions of the crossed-wire probes generally
were glightly ahead of the traverse probe lines. Actual positions may differ
from those indicated by as much as 0.08 em (0.03 in.). Results of the
crossed-wire measurements are tabulated below. Mean velocity direction is
measured as the upward angle relative to ailrfoil chord line, which was at 50
angle of attack. Turbulence levelg are the ratio of streamwise and trans-
verse rms veloclty to the free stream velocity. Here, streamwise 1s parallel
to the local mean velocity and transverse 1s perpendicular to that direction
within the midspan plane.

Mean Turbulence

Velocity Flow Level Scale Length, cm
Probe Position Ratio Direction Stream Trans Stream Trans
Single slotted, slot 0.72 69° 0.053 0.040 0.38 0.22
trailing edge 0.29 -36° 0.110 0.076 0.66 0.33

Double slotted, o
forward slot 0.99 53 0.052 0.039 0.58 0.28
aft slot 0.43 30° 0.0045 0.0037 2.70 1.04
trailing edge 0.78 -30° 0.047 0.025 0.58 0.23

Turbulence within the flap slots was not very far from isotropic, with trans-
verse turbulence levels 75% to 80% of the streamwise values rather than being
equal and transverse scale lengths 0.4 to 0.6 rather than half the streamwise
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length. Transverse turbulence levels near the flap trailing edge were
markedly smaller (53% and 69%) than the streamwise levels but the ratio of
scale lengths remained close to one-half. Mean velocity ratios and resultant
turbulence levels obtained with the crossed-wire probe generally agreed with
those measured with the single-wire probe.

Comparison of Measured and Calculated Spectra

Noise radiation was calculated by the method of reference 31 for a far-
field position beneath an isolated airfoil the size of the part-span single
slotted flap, immersed in uniform turbulent flow. These calculations used an
rms fluctuating velocity normal to the flow, and transverge integral scale
length, equal to those measured at midspan in the slot of that flap. Calcula-
tions were made for two different convection velocities, the 70.7 m/sec free
stream velocity and the corresponding velocity within the flap slot at the
position of maximum measured turbulence. The increased velocity in going from
the slot to free stream reduced the percentage turbulence level, increased
the expected peak frequency, and increased the expected SPLs. A comparison of
these two calculated spectra with that measured at the 90° microphone for the
40° deflection part-span single slotted flap is given in figure 38. Oscilla-
tions in the calculated spectra are caused by acoustic noncompactness, which
causes phase cancellation and reinforcement of sound waves arriving at the
same far-field point from different chordwise and spanwise positions. The
measured spectrum also was oscillatory. 1Its amplitude and general shape were
matched by the calculation which used the free stream veloclity. However,
noise radiated near the flap edge at high frequencies was about 5 dB larger
than that from midspan. Therefore the spectrum calculated using the turbu-
lence velocity measured within the flap slot might give closer agreement with
nolse radiated at midspan. The spectrum measured at 100 m/sec by the direc-
tional microphone at midspan, and adjusted to 70.7 m/sec, does not clearly
prove either viewpoint.

Trailing edge noise radiated by this single slotted flap was also
calculated. Primarily because of the small convective velocity ratio measured
near the tralling edge, the calculated peak value of this noise was about 20
dB below the data. Therefore the noise radiated by a single slotted trailing
edge flap at midspan is incidence fluctuation noise resulting from inflow of
slot turbulence.

The comparison for the double slotted flap, shown in figure 39, is less
satisfactory. The noise spectrum calculated for the lO% chord fore flap had
a peak value of 5 dB above the far-field data. Turbulence levels measured in
the aft slot were so low that the associated noise radiation was negligible.
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If it is assumed that the transverse turbulence velocity and integral scale
length measured in the forward slot somehow were also convected past the main
flap at the mean velocity within the aft slot, the bottom curve of this figure
is obtained. This calculated spectrum is of the order of 3 dB below the data
obtained with the conventional microphones and close to that from the direc-
tional microphone at midspan. Tralling edge noise calculated with the turbu-
lence properties measured at the maln flap trailing edge was maximum near 1
kHz and had a peak level nearly as large as the data. However, amplitude of
noise generated by this process decays rapidly as frequency is increased
beyond the peak. Trailing edge noise therefore may add a low-frequency peak
or irregularity to the spectrum but is predicted to be unimportant at higher
model frequencies which scale to the high-annoyance range.

The general shape and level of the measured spectrum would be matched if
the turbulence properties measured in the forward slot were arbitrarily
assumed to be convected past the main flap at the free stream velocity. There
is no justification for this approximation; the wing and fore flap upper sur-
face boundary layers would be expected to alter the turbulence of the airflow
injected between these two layers. However, the directional microphone data
of figure 30 indicate that the main flap rather than the fore flap is the
primary noise source locatlon for that portion of the spectrum between 5 and
20 kHz center frequencies. This was the only manner in which the measured
noise radiation levels could be generated by turbulence incident on the main
flap.

In summary, the amplitude and spectrum shape of measured noise radiation
from a single slotted trailing edge flap was matched by the noise calculated
for an isolated airfoil within the turbulent flow measured in the flap slot.
The observed increase of airframe flyover noise radiation with increasing flap
deflectlion probably is caused by increased slot turbulence level as the air-~
flow is deflected through larger angles. The comparison was less satisfactory
for a double slotted flap.

ATRFRAME COMPONENT NOISE INTERACTIONS

Leading Edge Devices and Landing Gear

Spectra measured at the 90o microphone with the wing equipped with the
leading edge flap, landing gear cavity, and landing gear at the midspan and
the part-span locations are plotted as symbols in figure 4O for 70.7, 100, and
141 m/sec velocities. This figure also contains the measured spectra for the
wing with leading edge flap and for the wing with landing gear and its open
cavity, plotted as dash and dot-dash lines. Also shown as a solid line is the
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acoustic sum of the latter individual-component spectra, regarding them as
statistically independent noise sources. Measured spectra for the leading
edge flap and for both landing gear positions of the flap, landing gear com-
binations at the two lower velocities were obtained with the acoustic shield
between the 90° microphone and the wind tunnel collector. All other data in
this figure were obtained without this shield.

The acoustic sum of the componert s
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quencies, and leading edge flap noise at the highest frequencies. The leading
edge flap, landing gear combinations had much weaker landing gear cavity noise
than the landing gear alone. From 5 to 8 dB reduction of the lowest-order
tone was achieved. This reduction was 1 to 2 dB larger when the landing gear
was at the part-span position, in line with the edge of the leading edge flap.
However, the midspan gear position was about the same increment quieter than
the edge position for cavity higher harmonics. At higher frequencies,
corresponding to full-scale high-annoyance frequencies, SPLs for the two land-
ing gear positions were approximately equal. They were about 1 dB below the
acoustic sum of the two individual components. Because the spectrum measured
with the landing gear included some noise radiated from the tumnel collector,
this may not represent a real component interaction.

Noise source strength distributions at three spanwise positions are
plotted in figures Ll and L2 for the two leading edge flap, landing gear com-
binations. These data were taken at 100 m/sec velocity and are shown for 5
and 20 kHz center frequencies. These traces represent the noise source
strength seen locally; the leading edge flap extends over a larger spanwise
distance so its ahsolute level of noise radiation is not as small relative to
the gear noise as this comparison seems to show. Note that source strength
measured on a traverse through the landing gear assembly (midspan on figure
41 and at the lower edge denoted "gear" in figure L2) was reduced about 1 dB
at both frequencies. The reduction of cavity noise by the presence of the
leading edge flap can be seen in the traverse at the cavity edge in figure 41,

To understand the reason for the interaction effect on cavity tones,
recall that the leading edge flap produced a region of separated flow on its
lower surface. Chordwise extent of the separation region decreased as the
edge was approached. The boundary layer on the wing lower surface, and there-
fore the flow entering the landing gear cavity shear layer, therefore was made
less steady by a spanwise varying amount. The resulting shear layer would be
less able to sustain an aerodynamic feedback process. This feedback would be
most strongly disrupted when the landing gear strut protruded through one
spanwise portion and the approaching boundary layer was most nonuniform at the
other spanwise portion (gear midspan).
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Spectra for the leading edge slat, landing gear cavity, and landing gear
at the midspan and part-span locations are plotted in figure 43. Also shown
are measured spectra for the wing with leading edge slat and for the wing with
extended landing gear and open cavity, and the acoustic sum of those two spec-
tra. All but the landing gear configurations were measured with the collector
shielded. Unlike the situation for the landing gear and leading edge flap,
this sum was dominated by noise radiated by the slat for all but the cavity
tone frequencies. The slat seems to have suppressed the lowest-order cavity
tone for the midspan gear position. However, this lowest-order tone was
strengthened and shifted to the next lower 1/3 octave band for the part-span
landing gear position. The next-order tone apparently was not affected by the
slat. Higher-frequency noise was unaffected by landing gear spanwise position
and was essentially the same as that for the wing with only the slat. Direc-
tional microphone traverses for these two leading edge slat, landing gear com-
binations are shown in figures UL and 45. They also show essentially no
interaction effects on noise radiation for 5 and 20 kHz center frequencies.

Other than some changes in landing gear cavity noise, there were no
component interaction noise effects for leading edge high-1ift devices tested
with landing gear at two spanwise positions.

Leading Edge Flap and Trailing Edge Flaps

Spectra measured at the 90° microphone for the leading edge flap, 40°
deflection single slotted full span trailing edge flap configuration are
plotted in figure 46. Also shown are the spectra measured for the wing with
only the leading edge flap and for the wing with only the trailing edge flap,
and their acoustic sum. All of these data are for configurations tested with
the acoustic shield. The acoustic sum is dominated by noige radiation from
the trailing edge flap, and spectra for the combination closely match the
acoustic sum. Directional microphone traverses, shown in figure 47, generally
validate the lack of interaction effects on trailing edge flap noise radia-
tion. Noise from the leading edge flap at 5 kHz center frequency apparently
was reduced. Deflecting the trailing edge flap would be expected to shift
the leading edge stagnation point further aft along the leading edge fTlap's
lower surface. Resulting streamlines would more closely conform to the
highly deflected shape of the leading edge flap, reducing the noise-pro-
ducing flow separation on that flap's lower surface.

Normalized surface pressure spectra on the trailing edge flap upper
surface for this configuration are plotted in figure L8. As compared with
those for the full span trailing edge flap alone (figure 25), pressure
fluctuations at midspan were unchanged forward and decreased aft. Near the
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side edge, they were strengthened forward and unchanged aft. Apparently this
combination of no change and opposite changes produced no effect on total
noise radiation.

Spectra measured at the 90° microphone with the leading edge flap, 40O°
deflection single slotted part-span trailing edge flap are plotted in figure
49, Also shown are spectra measured for the wing with each of the two compo-
nents, and the acoustic sum of these two spectra. As with the leading edge
flap, full span trailing edge flap combination, the acoustic sum was dominated
by the noise spectrum of the trailing edge flap. However, unlike that con-
figuration, the measured spectra for greater than about 6.3 kHz model frequen-
cy were about 3 to 4 4B below the acoustic sum of SPLs from the two compo-
nents. They vere 2 to 3 dB below levels measured with the wing and part-span
trailing edge flap alone.

Directional microphone traverses at midspan and along the side edge of
the part-span high-1ift devices are shown in figure 50. These data are for 5
and 20 kHz center frequencies at 100 m/sec velocity. The traverses at midspan
show no interaction at 5 kHz and increased leading edge flap noise but slight-
ly decreased trailing edge noise at 20 kHz frequency. Thus the noise-reducing
interaction did not take place near midspan. The traverse along the edge for
5 kHz frequency showed that noise from the leading edge flap region was
reduced about 6 dB and noise from the trailing edge flap was essentially
unchanged. There was almost no reduction of far-field SPL at this frequency
(figure 49). However, noise radiation from the side edge of the part-span
trailing edge flap was reduced by about 4 dB at 20 kHz frequency. Peak ampli-
tude of this noise radiation from the flap edge was reduced to about the level
which had been measured at midspan with or without the leading edge flap.
This was about 1 dB larger than peak amplitude measured on the full-span
trailing edge flap. To further check this result, source strength distribu-
tions meagsured for this configuration at 10 kHz center frequency and 70.7,
100, and 141 m/sec velocity are compared in figure 51 with those of the compo-
nents alone. Peak values at the trailing edge flap were reduced 1 to 2 dB at
midspan but were 4 to 6 dB quieter at the edge, for the two lower velocities.
Thus the favorable component noise interaction shown in the far-field spectra
(figure 49) was caused by a decrease of the very strong noise radiation from
the part-span trailing edge flap's side edge, at sufficiently large Strouhal
numbers.

Surface pressure spectra on the upper surface of the part-span trailing
edge flap are plotted in figure 52 for this configuration. Spectrum levels
at midspan essentially matched those of figure 26 for midspan of the part-span
trailing edge flap alone. Those at the forward transducer near the flap edge
were up to 6 dB lower +than those for the part-span trailing edge flap alone,
at frequencies where the difference in far-field SPL occurred. There was
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essentially no change at the aft edge position. Flow visualization pictures
were of little help in understanding the change in. flow pattern. However,
the presence of a part-span leading edge flap clearly reduced the surface
pressure fluctuations and local noise source strength near the side edge of
the part-span trailing edge flap, causing significant (3 to 4 dB) noise
reduction.

Leading Edge Slat and Trailing Edge Flaps

Far-field spectra at the 90° microphone for the leading edge slat, full
span trailing edge flap combination are plotted in figure 53. These data and
those for the two individual components were obtained with the acoustic shield
between the collector and microphone. SPLs for the combination at frequencies
up to about 10 kHz were 1 to 2 dB above the acoustic sum of spectra measured
with the slat and flap deflected separately. This sum is dominated by noise
radiation from the leading edge slat. At higher frequencies corresponding to
the full scale frequencies which have largest contributions to annoyance, the
measured spectra agreed with the acoustic sum of component spectra.

Noise source strength distributions obtained with the directional
microphone are plotted in figure 54. At midspan the noise contribution from
the slat was not greatly changed, but that from the trailing edge flap was
increased and was shifted downstream from the flap leading edge to its trall-
ing edge. This change corresponds to the development of strong trailing edge
noise caused by flow separation on the flap upper surface. Evidently the
confluent boundary layer caused by merging of the slat wake and airfoll upper
surface boundary layer could not withstand the additional adverse pressure
gradient imposed by the deflected trailing edge flap. Noise radiation from
the slat side edge was decreased about 5 dB at both 5 and 20 kHz frequency,
and that from the trailing edge flap downstream of that edge was decreased
slightly. Surface pressure spectra on the trailing edge flap upper surface are
plotted in figure 55. Data measured forward at midspan approximately match
those for the full span trailing edge flap without other components. Those
for the aft midspan position at 100 m/sec velocity were up to 10 dB smaller
for the trailing edge flap with the leading edge slat. These reduced levels
at 75% chord probably represent a highly separated flow. Near the side edge,
pressure at the forward position was about 5 dB higher for the combination

but there was no difference further aft.

The part-span leading edge slat, full span trailing edge flap combination
achieved a noise-increasing component interaction effect on far-field spectra
at low frequencies (figure 53). Directional microphone data show this to be
caused by increased nolse from the aft portion of the trailing edge flap, but
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also show a reduction of slat noise that should have compensated for this
increase. Tar-field data show essentially no component interaction effect at
high model frequencies, which scale to those of greatest importance full-
scale. Directional microphone traces show a redistribution of noise source
strength, with reduced noise radiation from the slat side edges but increased
noise from the flap trailing.edge. This result is of practical importance
because it may be difficult to apply nolise-reduction concepts to a leading
edge slat which is subjected to large aerodynamic loading and must fit flush
with the wing during cruise. Porous (reference 33) or serrated (reference 34)
trailing edges may be more readily applied to large-chord trailing edge flaps
for noise reduction.

Far-field spectra measured at the 90O microphone for the leading edge
slat, part-span trailing edge flap combination are plotted in figure 56.
These data, and those for the individual components, were taken with the
acoustic shield between the microphone and the tunnel collector. As with the
leading edge slat and full-span trailling edge slat, the acoustic sum of the
component spectra was dominated by noise from the slat for all but the highest
frequencies. The comparison between measured spectra for the combination and
the acoustic sum of spectra for independent components is inconsistent below
10 kHz frequency; the interaction apparently was about 2 dB favorable at 70.7
m/sec and 2 dB unfavorable at 100 m/sec velocities. For higher frequencies
the data were about 1 dB below the acoustic sum. Directional microphone data,
shown in figure 57, indicate reduced slat noise and increased flap nolse at
midspan and relatively little change at the side edges. Surface static
pressure spectra, plotted in figure 58, generally agreed with those on the
flap upper surface of the leading edge slat, full span trailing edge flap com-
bination (figure 55) at midspan and at the forward edge position. They were
about 10 dB higher at the aft edge position, corresponding to the same high
levels measured at this location for the part-span trailing edge flap without
other components.

Noise from the slat edge therefore was markedly decreased by the presence
of the full-span tralling edge flap but was only slightly affected by the
part-span trailing edge flap. Noise radiation from the midspan region of both
part-span and full-span trailing edge flaps was increased by the presence of a
leading edge slat. The strong noise radilation from the side edge of a part-
span trailing edge flap was unaffected by the upstream presence of a leading
edge slat's spanwise edge.
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Landing Gear and Trailing Edge Flaps

Spectra measured at the 90° microphone for the part-span trailing edge
flap, open landing gear cavity, landing gear at midspan and part-span config-
urations are plotted in figure 59. Also shown are measured spectra for the
wing with only the part-span trailing edge flap and the wing with only the
landing gear and open cavity, and the acoustic sum of those two spectra. The
landing gear spectra were obtained without the acoustic shield between the
microphone and far-field microphone; spectra for the other two configurations
were measured with that shield. ILanding gear cavity noise dominated the
acoustic sum at the lower frequencies, and both components were important at
high frequencies. Below about 12.5 kHz model frequency, SPLs measured for the
combination were approximately equal to the sum of the two individual spectra.
Above that frequency the noise radiation for both landing gear positions was
about 2 dB less than the acoustic sum.

Noise source distributions measured with the directional microphone are
plotted in figures 60 and 61 for the two landing gear positions. The traces
for 5 kHz frequency show a 1 to 2 dB reduction of landing gear noise, Trail-
ing edge flap noise downstream of the landing gear was increased several 4B
but noise from the flap side edge was reduced by about the same amount. Sur-
face pressure spectra on the upper surface of the part span trailing edge flap
for the flap and landing gear combination are plotted in figure 62. They show
increased levels at low Strouhal numbers relative to those of the flap without
the landing gear, corresponding to flow disturbances produced in the landing
gear cavity. They were somewhat higher at the aft transducer for both span-
wise locations.

The directional microphone traces do not clearly show the cause of the
indicated 2 dB ncise reduction at frequencies of practical importance. How-
ever, they do show a redistribution of nolse source strength caused by aero-
dynamic interaction between the landing gear and trailing edge flaps. The
deflected flap and increased 1lift coefficient would be expected to reduce the
local velocity near the landing gear, thereby reducing its nolse radiation.
The landing gear, in turn, would be expected to shed a turbulent wake that
impinges upon the trailing edge flap and increases its surface pressure
fluctuations and noise radiation. Note that as had been mentioned in the
discussion of the airframe component test model, the ratio of landing gear
strut length to wheel dlameter was relatively short as is typical of airframes
with aft fuselage-mounted engines. Other airframe designs with high bypass
ratio turbofan engines mounted under the wings might have longer landing gear
struts and smaller relative interaction effects. The existence of this compo-
nent effect is important because aircraft landing gears cannot be easily mod-
ified for noise reduction. However, the component interaction found in this
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study provides reduction of landing gear noise by the trailing edge flap
aerodynamic flow field. Increased trailing edge flap noise caused by the
landing gear turbulent wake could then be reduced by use of perforated or
porous forward surfaces backed with a bulk acoustic absorber (reference 15),
mounted on an impervious inner structure to sustain the steady aserodynamic
loading.

To further examine this interaction, far-field acoustic data also were
obtained for the wing with landing gear at midspan and the full-span trailing
edge flap. Tests with this configuration would eliminate the problem of
interaction effects on noise from the flap side edges. These data were taken
with the acoustic shield and are presented in figure 63. SPLs measured with
the combination generally matched the acoustlc sum of spectra from the
individual components. However, between approximately 10 and 16 kHz model
frequencies where the acoustic sum was dominated by noise radiation from the
landing gear assembly, data for the combination were 1 to 2 dB below that sum.
Normalized surface pressure spectra on the flap upper surface for this con-
figuration are shown in figure 64. Pressure fluctuations at the forward edge
position were about 6 dB higher than those for the flap alone but those at
the other three positions were essentially unchanged. These data do not
clearly validate the expected increase of surface pressure fluctuation and
noise radiation from the tralling edge flap downsgtream of the landing gear.
Unfortunately, directional microphone noise source distribution measurements
were not taken with this configuration.

Approach Configurations With Leading Edge Flaps

In this report the phrase "approach configuration" denotes a wing with a
deflected leading edge part-span high-lift device, part-span or full-span 4o°
deflection single slotted flap, and extended landing gear with open cavity.
The configurations having a leading edge flap were fundamentally different
from those with a leading edge slat in that the flap was the quletest and the
slat the noisiest component tested. Far field 1/3 octave spectra for
approach configurations with the leading edge flap were obtained with the
acoustic shield between the 900 microphone and the wind tunnel flow collector.
This shield was developed near the end of the test program and was not used
in tests of approach configurations having a leading edge slat.

Spectra measured at the 90O microphone for approach configurations with
the leading edge flap, full span trailing edge flap, and the midspan and
part-span landing gear positions are plotted as symbols in figure 65. Also
shown are spectra measured with each of the three individual components, and
their acoustic sum as noninteracting components. At frequencies that would
scale to those which are heavily weighted in calculating annoyance at full
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scale, there was essentially no effect of landing gear position. Measured
SPLs at these model frequencies above 5 kHz were about 1 dB below the acoustic
sum of the three components regarded as acoustically independent. A similar
result was described earlier for the leading edge flap with the two landing
gear positions and for the full span trailing edge flap and midspan landing
gear. These approach configurations eliminated the lowest-order cavity tone,
and the next-order tone was eliminated for the midspan but not the part-span
landing gear position. These results also were obtained for the two-component
combinations of landing gear and leading edge flap. As with those cases,
elimination of cavity tones can be explained by recalling that the leading
edge flap produced a spanwise varying flow separation on its lower surface.
The wing lower surface boundary layer therefore would be less likely to form
a cavity shear layer that sustaing an aeroacoustic feedback process. Reduc-
tion of landing gear noise due to the locally reduced flow velocity ahead of
a deflected trailing edge flap would also be expected.

Directional microphone measurements of noise source strength distribu-
tions for these two approach configurations are plotted in figures 66 and 67.
They clearly show the reduction of landing gear and cavity noise, including
considerable reduction of noise radiated by the landing gear and small
increases of noise from the trailing edge flap immediately downstream of the
landing gear. In general, nolse from the full span trailing edge flap was not
significantly changed.

Spectra measured at the 90° microphone for combinations having a leading
edge flap and part-span trailing edge flap, with either midspan or part-span
landing gear positions, are plotted in figure 68. Spectra measured for the
individual components, and their acoustic sum as noninteracting noise sources,
also are shown. Both combinations had about the same SPLs at the highest
frequencies but the midspan landing gear position was about 2 dB quieter for
most of the frequency range. PFor freguencles of practical importance in pre-
dicting full scale annoyance-weighted noise levels, measured SPLs were 2 to
3 dB below the acoustic sum. In much of this region they were no noisier than
the trailing edge flap alone. These reductions are less than the 3 to L 4B
decrease obtained for the part-span leading edge flap combined only with the
part-span trailing edge flap. Also, 2 dB noise reductions had been obtained
for the landing gear and part-span trailing edge flap, and the leading edge
flap and landing gear combination had achieved about 1 dB decrease. Thus the
favorable component noise interactions between any two components are not
additive when three components are testéd together. The amount of noise
reduction measured for this three-component approach configuration was about
half the sum of the reduction achieved with the three two-component combina-
tions.
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Noise source distribution measurements obtained with the directional
microphone for these leading edge flap, landing gear, part span trailing edge
flap combinations are shown in figures 69 and 70. Traces for the combination
with landing gear midspan (figure 69) show that high-frequency noise from the
trailing edge flap side edges was reduced to the levels expected at midspan.
This favorable effect on trailing edge flap noise had also been achieved by
the leading edge flap in a two-component combination (figure 50). Noise radi-
ation from the midspan landing gear was reduced by more than had been
indicated for two-component interactions between either the landing gear and
leading edge flap (figures 41 and U42) or the landing gear and trailing edge
flap (figures 60 and 61). These directional microphone results for 20 kHz
center frequency would indicate at least L dB noise reduction relative to the
acoustic sum of individual spectra, rather than the 2 dB reduction measured
with the omnidirectional microphone. In contrast, noise source traces for
the approach configuration with landing gear at the part-span position
(figure 70) had less noise reduction from the side edge of the trailing edge
flap downstream of the landing gear. It also had little or no indicated
reduction of landing gear noise. For this configuration, the smaller amount
of noise reduction with the three-component combination relative to the sum
of reductions from the three two-component cases can be understood as an
absence of noise-reducing effects on landing gear noise radiation.

Approach Configurations With Leading Edge Slats

The approach configurations which consisted of the part-span leading edge
slat, landing gear at either of +two spanwise positions, and full span or
part-span 40° deflection single slotted trailing edge flaps were not tested
with the acoustic shield. Spectra measured at the 90° microphone for these
combinations having the full span trailing edge flap are plotted in figure 7T1.
They contain high-frequency bulges above 10 kHz frequency for TO.7 m/sec and
above 12.5 kHz for 100 m/sec tunnel velocity, which protrude above the
acoustic sum of the component spectra. This high-frequency noise was radiated
from the open-jet collector because of the large flow deflection induced by
the wing at large 1ift coefficients. Spectra measured for the leading edge
slat and trailing edge flap without the landing gear, taken without the
collector shield (not shown), closely matched that high-frequency portion of
the spectra. Adding the landing gear would be expected to increase the noise
radiation at constant 1ift and therefore constant collector noise. There
were no component interaction effects for the frequency range below this bulge
but above the landing gear cavity tones for these two approach configurations.
Also, there were no component interaction effects at high frequencies for the
leading edge slat and full span trailing edge flap without a landing gear
(figure 53). Therefore it does not seem likely that component interactions on
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airframe noise radiation occurred for these approach configurations. There
was no effect of landing gear spanwise position on measured spectrum.

Noise source strength distributions for these two configurations at 5 and
20 kHz center frequencies for 100 m/sec velocity are plotted in figures 72 and
73. Compared with distributions for each of the three deflected components,
they show 1 to 2 dB reduction of slat and landing gear noise and 2 to 3 dB
increase of trailing edge flap noise. As had been previously mentioned, use
of tailored-impedance surfaces on the trailing edge flap to reduce its turbu-
lence-induced noise radiation would be the only way to take advantage of the
reduced slat and landing gear noise.

Spectra measured at the 90° microphone for the approach configurations
having a leading edge slat, landing gear, and part-span trailing edge flap are
plotted in figure Th. As with the other approach configurations having a
leading edge slat, these data were obtalned without an acoustic shield between
the far field microphone and the collector. Aerodynamic loading for these two
configurations was concentrated in the central third of the test section width
and apparently the collector noise was not large relative to airframe noise.
Again, there was no significant effect of landing gear spanwise position. At
70.7 m/sec velocity, measured SPLs at frequencies above the landing gear
cavity tone frequency were 1 to 2 dB below the acoustic sum of component
spectra. This favorable interaction had decreased to about 1 dB at 100 m/sec
velocity. Measured noise source strength distributions, plotted in figures 75
and 76, generally show several dB reduction of noise radiation from the slat
and also from the flap edges. The actual amount of far-field noise reduction
is uncertain because of the contribution of collector noise to the far-field
1/3 octave spectra. As with data for the slat and landing gear plus full span
trailing edge flap, the interactions included decreased slat noise and
increased noise from midspan of the trailing edge flap. However, the noise
source at the side edges of the part-span trailing edge flap was reduced,
leading to a decrease of total noise. As shown in figure 57, this small noise
reduction also occurred for the leading edge slat and part-span trailing edge
flap without landing gear.

Nondimensional surface pressure spectra on the upper surface of the
trailing edge flap for this approach configuration are plotted in figure 77.
Surface pressure levels at the forward and aft midspan positions were
increased up to 10 dB at low Strouhal numbers, with little chahge above a
Strouhal number of 50 (model frequency 16 kHz at 100 m/sec velocity). However,
fluctuations were reduced about 4 dB at the forward edge position for Strouhal
numbers larger than 10. These surface pressure fluctuation data confirm the
measured increased noise radiation at midspan on the trailing edge flap but
reduced noise from the side edges.
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CONCLUSIONS

1. Airframe noise component interaction effects for hard-wall airframe
components are small, and generally are within the accuracy of noise predic-
tion for lsolated components. However, if acoustic impedance of trailing edge
flap surfaces and edges could be tailored to reduce their acoustic response to
convected turbulence, larger favorable interactions could be achieved because
of redistributions of local noise source strength.

2. Noise radiation from the side edges of deflected trailing edge flaps
contributes significantly to total noise at large deflection angles. Noise
radiation near midspan of such flaps approximately corresponds to that from

an isolated airfoil in a turbulent airstream having inflow turbulence egual to
the highest levels in the flap slot.

3. A leading edge slat having separated flow on its lower surface, convected
past the trailing edge, can generate strong broadband airframe noise.

L, Landing gear cavity tones are greatly reduced in amplitude by the
presence of a landing gear strut and side brace protruding through the cavity
shear layer. They can be further reduced by the presence of a leading edge
flap upstream of the cavity. The region of locally separated flow on the flap
lower surface introduces turbulence which probably suppresses feedback in the
cavity shear layer.

5. A part-span leading edge flap in line with a highly deflected part-span
trailing edge flap can reduce noise radiation from the trailing edge flap's
side edges. This component interaction produced noise levels 3 to 4 dB below
the acoustic sum of spectra for the two components deflécted individually at
high frequencies, which scale to frequencies having high annoyance. Adding a
landing gear and open cavity to this spanwise region produced noise levels 2
to 3 dB below the acoustic sum.

6. Combinations of a part-span leading edge slat and trailing edge flap
produced several dB noilse lncrease at low frequencies and 1little change at
high frequencies relative to the acoustic sum of component spectra. Larger
changes occurred in noise source distribution, with up to 5 dB local noise
reduction from the slat and up to 4 dB local noise increase from the flap at
high frequencies.

7. Combinations of a landing gear and a downstream trailing edge flap

produced up to 2 dB noise reduction relative to the acoustic sum of component
spectra at high frequencies. This small effect generally occurred as a
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combination of decreased landing gear nolse and a smaller increase of trailing
edge flap noise. The tested configuration had a relatively short landing gear

strut typical of jet aircraft with all engines mounted on the aft fuselage.
Use of relatively longer landing gear struts, as with aircraft having high
bypass ratio turbofan engines mounted under the wings, might eliminate this
small favorable interaction.
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TABLE I - WING MODEL CONFIGURATIONS
Symbol Airframe Component
DT Double-slotted trailing edge flap on central 1/3 span,
zero deflection single-slotted trailing edge flap near sidewalls
GC Landing gear at midspan position, cavity closed
GO Landing gear at midspan position, cavity open
G- Landing gear at lower position, cavity open
LF Leading edge (LE) flap pulled against wing, gap sealed
LS Leading edge slat in forward position, gap open
SF(angle) Single-slotted trailing edge (TE) flap, full span, at deflection angle
ST(angle) Single-slotted trailing edge flap on central 1/3 span, zero
deflection single-slotted trailing edge flap near sidewalls
W Basic Wing
Model Configuration Angle of
Components Configuration Number Attack, deg
Clean W,SF(0) 1 2.5
Wing W,SF(0) 2 9.6
Landing W,GC,SF(0) 3 9.6
Gear W,GO,SF(0) 4 9.6
LE Devices LS,W,SF(0) 5 15.2
LF,W,SF(0) 6 15.2
Full Span W,SF(15) 7 7.7
TE Flaps W,SF(24) 8 6.0
W,SF(40) 9 5.0
Part-Span W,ST(15) 10 7.7
TE Flaps W,ST(24) 11 6.0
W,ST(40) 12 5.0
W,DT 13 -3.5
Gear and TE Flap W,G-,ST(40) 14 5.0
Interaction W,G0,8T(40) 15 5.0
LE Device and LS,W,ST(40) 16 6.5
TE Flap LS,W,SF(40) 23 6.5
Interaction LF,W,ST(40) 17 6.5
LF,W,SF(40) 18 6.5
LE Device and LF,W,G0,SF(0) 19 15.2
Gear Interaction LF,W,G-,SF(0) 20 15.2
LS,W,G-,SF(0) 21 15.2
LS,W,G0,SF(0) 22 15.2
Multi-component LS,W,G0,SF(40) 24 6.5
Interaction LS,W,G-,SF(40) 25 6.5
(Approach LS,W,G~-,5T(40) 26 6.5
Configurations) LS,W,G0,ST(40) 27 6.5
LF,W,G0,ST(40) 28 6.5
LF,W,G-,ST(40) 29 6.5
LF,W,G~,SF(40) 30 6.5
LF,W,G0,SF(40) 31 6.5
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Figure 55 —Normalized Surface Pressure Spectra on Upper Surface of Full Span 400
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Figure 65— Comparison of Spectra Measured with Leading Edge Flap, Full Span Trailing Edge Flap,
Landing Gear Combinations and Sum of Spectra Measured with Individual Components.

900 Microphone, Collector Unshielded for Landing Gear but Shielded for all Other Cases
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Figure 66 — Comparison of Noise Source Strength Distributions for Leading Edge

Flap, Landing Gear Midspan, Full Span Trailing Edge Flap Combination
with those of Components Alone
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Figure 68 — Comparison of Spectra Measured with Leading Edge Flap, Part—Span Trailing Edge Flap,
Landing Gear Combinations and Sum of Spectra Measured with Individual Components.
900 Microphone, Collector Unshielded for Landing Gear but Shielded for all Other Cases
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Figure 70 — Comparison of Noise Source Strength Distributions for Leading Edge
Flap, Landing Gear Part—Span, Part—Span Trailing Edge Flap
Combination with those of Components Alone
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Figure 71— Comparison of Spectra Measured with Leading Edge Slat, Full Span Trailing Edge Flap,
Landing Gear Combinations and Sum of Spectra Measured with Individual Components.
90¢ Microphone, Collector Shielded for Slat and Flap but Unshielded for Combinations
and for Landing Gear
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Figure 72 — Comparison of Noise Source Strength Distributions for Leading Edge Slat,

Landing Gear Midspan, Full Span Trailing Edge Flap Combination with
those of Components Alone
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Figure 73 — Comparison of Noise Source Strength Distribution for Leading Edge Slat,
Landing Gear Part—Span, Full Span Trailing Edge Flap Combination with
those of Components Alone

130



o s

GEAR MIDSPAN -

PART SPAN
SYMBOL  CONFIGURATION EBZPEDSTST TRAILING
! EDGE FLAP
o GEAR MIDSPAN, UNSHIELDED
GEAR PART—SPAN -1
PN GEAR PART-SPAN, UNSHIELDED
80
i! VELOCITY = 70.7 m/sec
b
ﬂ ACOUSTIC SUM
s ' LEADING EDGE SLAT
70~ A \
@ N\
S ~— L LANDING GEAR &RQ
d. \/l ~ - .
> TRAILING E EDGE FLAP O ~
ﬂ \ 8
- -
o —NN R
a 60— N
\
w ~
w
1
o I 1 1 1 1 ™~
2 0.5 1 2 5 10 20 50
§ 1/3 OCTAVE BAND CENTER FREQUENCY, kHz
a
=2 9  —
g VELOCITY = 100 m/sec
w
>
E 6 o ACOUSTIC SUM
= LEADING EDGE SLAT
= 8
N ./ \—LANDING GEAR\ —
\-—'(_, _ o~ ~ —
S - — i = \
TRAILING EDGE FLAP N\
Q\\_\
-
70— - \\
1 1 i 1 |
0.5 1 2 5 10 20 50

1/3 OCTAVE BAND CENTER FREQUENCY, kHz

Figure 74 — Comparison of Spectra Measured with Leading Edge Slat, Part—Span Trailing Edge Flap,
Landing Gear Combinations and Sum of Spectra Measured with Individual Components.

Y00 Microphone, Collector Shielded for Slat and Flap but Unshielded for Combinations
and for Landing Gear
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Figure 75 — Comparison of Noise Source Strength Distributions for Leading Edge Slat,

Landing Gear Midspan, Part—Span Trailing Edge Flap Combination with
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