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NOISE TESTS ON AN EXTERNALLY BLOWN FLAP WITH

THE ENGINE IN FRONT OF THE WING

by Allen M. Karchmer and Robert Friedman

Lewi's Research Center

SUMMARY

Noise tests were conducted with a nozzle exhausting over a small scale model of an
externally blown flap life-augmentation system. Two series of tests were conducted:
with the leading edge of the wing inside a 10. 2-centimeter-diameter pipe; and with the
leading edge of the wing set back a distance of 1 pipe diameter from the exit plane of a
10. 2-centimeter-pipe. In the latter case, the wing was supported by a 5.1-centimeter-
diameter cylindrical strut which also served as an axisymmetric plug to form a nozzle.
The open flow area in both cases was 61. 9 square centimeters, equivalent to an 8. 8-cen-
timeter-diameter circular nozzle. Noise tests were made for pressure ratios of 1. 35
and 1.15, corresponding to jet exhaust velocities of 220 and 156 meters per second, re-
spectively. The flap positions for each pressure ratio were 30° -60° (landing) and
10°-20° (takeoff).

The results indicated no significant differences in spectral shape, level, or directiv-
ity pattern for the two configurations. Static lift and thrust tests conducted on the same
model indicated considerable flow attachment on both configurations, with slightly great-
er attachment and turning for the wing leading edge outside the nozzle. Finally, a com-
parison of externally blown flaps with the engine above and below the wing tested by pre-
vious investigators showed the acoustic performance of the configuration tested for this
report to lie between the other two.

INTRODUCTION

Short takeoff and landing (STOL) aircraft are intended to use airports located in or
near highly populated urban areas. The practicality of such aircraft will depend in large
measure on whether or not their noise levels are acceptable to the local communities.
One technique to enable such aircraft to accomplish its short takeoff and landing is the
use of a lift-augmentation device consisting of an externally blown flap (EBF). Such a de-



vice, however, can result in a considerable redirection and generation of noise
(refs0 1 to 4).

The location of the engine relative to the wing can be an important consideration in
the design of such aircraft for several reasons: much of the resulting noise arises from
the interaction of the jet exhaust on the wing and blown flap surfaces; and the physically
large engines used present possible structural and aerodynamic constraints. Previous
investigators have reported acoustic data on an engine-below-the-wing configuration
(refs. 1 to 4) and an engine-above-the-wing configuration (refs. 5 to 7).

With the high bypass, low pressure ratio engines currently being proposed for
3TOL aircraft, consideration must be given to an engine with its exhaust at least par-
tially impinging on the wing leading edge. For this third alternative the wing leading
edge can be either outside or inside the exhaust nozzle. In the latter scheme, the wing
leading edge would be exposed to a low impingement velocity, and noise generated near
the leading edge might be reduced. Further, the nozzle might serve to shield what noise
is generated at or near the leading edge.

This report presents acoustic data obtained from two series of tests conducted on
a model engine-in-front-of-the-wing configuration. The tests were conducted with wing
leading edge protruding inside the nozzle and outside the nozzle 1 nozzle diameter down-
stream of the exit plane for two flap settings: 10° -20° (takeoff) and 30° -60° (landing).
Tests of each of these configurations were conducted at pressure ratios of 1. 35 and 1.15
corresponding to nozzle exit velocities V. of 220 and 156 meters per second.

APPARATUS AND PROCEDURE

Air Flow Facility

The outdoor acoustic facility is shown schematically in figure 1. Dry pressurized
air was supplied at ambient temperature from a laboratory compressor system. The
flow system consisted of a flow-measuring orifice, a control valve, a perforated plate
used to reduce the valve noise, a four-chamber baffled muffler, and a 5-meter length
of 10. 2-centimeter-inside-diameter (nominal 4-in.) piping.
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Figure 1. - Schematic of test installation, plan view.
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Test Models

The acoustic experiments were conducted with configurations which had the common
feature of exit airflow from the 10-centimeter pipe flowing over a scale model wing.
Two models were used as shown in figure 2. In configuration 1 (fig. 2(a)) the wing was
mounted outside the exit plane of the nozzle in a frame that was clamped to the piping.
The leading edge of the wing was 1 pipe diameter downstream from the pipe exit. A
5.1-centimeter cylindrical center body with hemispherical leading edge extended into the
pipe. The centerbody formed an annular nozzle at the pipe exit with an area of 61. 9
square centimeters (contraction ratio of 1. 33). The centerbody was attached to the wing
only, and there were no supports or struts in the pipe.

In configuration 2 (fig. 2(b)), no centerbody was used and the wing was centrally
mounted in a slot in the pipe (with the same frame as was used in configuration 1) to
such a depth as to provide 61.9 square centimeters flow area in the exit plane of the
nozzle. The exit flow area was equally divided above and below the wing. The clear-
ance around the slot was sealed with clay.
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The wing used in configurations 1 and 2 had two adjustable flap elements. Noise
measurements were made at flap settings corresponding to takeoff (10°-20 ) and land-
ing (30°-60°). These angles were measured from the mean chord line of the wing
(which was at an angle of 5° to the pipe center line) as shown in figure 2. In all cases
the slots between the flaps were open as shown. Details of this wing model are found
in references 1, 4, and 7 where, with minor modifications, it was used for blown-flap
and above-the-wing EBF noise research.

Instrumentation and Procedure

Acoustic data were measured as shown in figure 1 by fourteen 1. 27-centimeter
condenser microphones located on stands at the horizontal plane of the piping (1.56 m
above a smooth asphalt surface) on a 3.05-meter-radius circle. The microphone in
line with the jet was omitted, either at 140° as shown for 30°-60° flaps or at 160° for
10°-20° flaps. For both configurations the wing was oriented vertically, hence the
microphone array represented a flyover simulation. Sound data were analyzed by a
1/3-octave band sprectrum analyzer. The analyzer determined sound pressure level
(SPL) spectra referenced to 2x10 newton per square meter (0.0002- p.m bar). Overall
sound pressure levels (OASPL) and integrated sound power levels (PWL) referenced to

1 ?10 watts were computed from the SPL data. Background noise and cancellations and
reinforcements due to ground reflection were appreciable only below 240 hertz, well
below the frequency of peak experimental noise, and no corrections were made for
these effects.

A total pressure probe was located just upstream of the nozzle exit. Pressure and
temperature were read remotely. Exit velocity was calculated by a one-dimensional
isentropic equation using the measured temperature and total to ambient pressure ratio.
Data were taken at nominal velocities of 156 and 220 meters per second.

RESULTS AND DISCUSSION

Acoustic Results

Figures 3 and 4 are 1/3-octave-power spectral plots for each of the exhaust veloc-
ities tested and for flap angles of 10°-20° and 30°-60°. The plots show the results for
the nozzle plus blown-flap configuration for the case of the wing leading edge inside the
nozzle and for the case where the leading edge is set back from the nozzle exit plane a
distance of 1 pipe diameter. The power spectra for a circular nozzle alone are shown
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Figure 4. - Sound power level plotted against 1/3-octave
center band frequency for wing leading edge inside and
outside nozzle and for circular nozzle alone. Flap angle,
30°-60°.



120

110

100

g a § 6
O Wing inside nozzle
A Wing outside nozzle

§ £ , 6 A, A

110 r-

(a) Nozzle exit velocity.' 220 meters per second.

100

90
C

A Q ^ ° 0 0 A_6 o
A
o

1 1 1 1
40 80 120 160

6

|
200

A
O 6 6 <

1 1
240 280

1
320 36

Angle from nozzle inlet, deg

(b) Nozzle exit velocity, 156 meters per second.

Figure 5. - Comparison of overall noise levels for leading edge inside and outside
nozzle. Flap angle, 10°-20°.

120

110

O Wing inside nozzle
A Wing outside nozzle

oA a a

„ CO
"D

e<r 100
~~ £

•£
Z if\

I s no
£«

= 100

o

90

8 ^ o e e @ o g
@

1 I I 1
(a) Nozzle exit velocity, 220 meters per second.

. —

_ @ 2 2 s S A A 8 6 ® a a 2
fi 0

1 1 1
40 80 120 160 200 240 . 280

Angle from nozzle inlet, deg

(b) Nozzle exit velocity, 156.meters per second.

320 360

Figure 6. - Comparison of overall noise levels for leading edge inside and outside
nozzle. Flap angle, 30°-60°.



110 i—

100

90
O

70

06

A
O

O Wing inside nozzle
A Wing outside nozzle

Circular nozzle alone

110

100

90

| 80
w\
g

£

(a) Nozzle exit velocity, 220 meters per second.

I

O Wing inside nozzle
A Wing outside nozzle

— Circular nozzle alone

— O
O

'g

701 L \
(a) Nozzle exit velocity, 220 meters per second.

- 100 |—

90

70

60

O
A

O

250 500 1000 2000 5000 10000 20000
Frequency, Hz

(b) Nozzle exit velocity, 156 meters per second.

500 1000 2000 5000
Frequency, Hz

10000 20000

(b) Nozzle exit velocity, 156 meters per second.

Figure 7. - Sound pressure level plotted against 1/3-octave
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Figure 8. - Sound pressure level plotted against 1/3-octave
center band frequency for wing leading edge inside and
outside nozzle and for circular nozzle alone. Micro-
phone angle, 80°; flap angle, 30°-60°.



on these figures for comparison purposes. The circular nozzle spectra were scaled to
o

the 8. 8-centimeter equivalent diameter and to the appropriate velocity (by V-) from
unpublished data collected in tests conducted for reference 8. The nozzle diameter used
in reference 8 was 5. 26-centimeters.

The presence of the wing-flap system, as would be expected, adds significantly to
the power levels over the entire spectral range, the greatest addition occurring at fre-
quencies near the peak of the nozzle alone spectrum with less addition at frequencies
above and below the peak. A comparison of the power spectra for each of the two EFW
configurations in figures 3 and 4 shows no significant differences. That is, moving the
wing leading edge from a position outside the nozzle to the inside of the nozzle produces
no significant changes in the power spectral shape or level.

Similar trends are observed in the OASPL directivity pattern (figs. 5 and 6). Here
again, the level and, in this case, the directivity pattern are essentially the same for
the leading edge either inside or outside the nozzle. For both configurations the direc-
tivity patterns are relatively uniform, with the exception of the usual "shadow" zone in
line with the jet exhaust.

Figures 7 and 8 are spectral plots of the SPL as a function of 1/3-octave center band
frequencies for the two EFW configurations. The SPL spectra for the nozzle alone are
also shown. The data in figure 7 are for a microphone angle of 100° from the nozzle in-
let and in figure 8 for 80 . These angles correspond to positions beneath the aircraft
during takeoff (fig. 7) and landing (fig. 8), respectively. There is little significant
difference in the noise levels and, in this case, the spectral shape, between either of the
EFW configurations. Again, however, the presence of the wing-flap system adds sig-
nificantly to the nozzle-alone noise.

Comparison with Other EBF Configurations

Previous investigators have reported acoustic data for other blown flap configura-
tions using the same wing-flap model: engine below the wing (refs. 1 and 4) and engine
above the wing (refs. 5, 7, and 9). A direct, rigorous quantitative comparison between
those results and the data reported here is not possible because of differences in nozzle
size, which makes scaling difficult. However, some preliminary qualitative conclusions
can be made.

Figure 9 shows the power spectra for engine-in-front-of, engine-below, engine-
above-the-wing configurations for a jet velocity of 220 meters per second and flap angle
30°-60° (landing). The below-the-wing spectrum was obtained from unpublished data
collected in tests conducted for reference 4. The data were taken with a circular nozzle
of 7. 8-centimeter diameter. Although this nozzle and its orientation relative to the wing-



flap system was atypical of most of the data in reference 4, it was chosen because the
nozzle diameter was closest to the equivalent diameter used in the tests conducted for
this report. The data were for a jet velocity of 200 meters per second. The data for
the above-the-wing spectrum were obtained from reference 5. The configuration in-
cluded a circular nozzle with deflector and fully covered flap slots. This configuration
was chosen because of the attached flow and resulting lift augmentation, which are nec-
essary for STOL applications. The nozzle used in reference 5 had a diameter of 5.1
centimeters and a jet exit velocity of 225 meters per second. In both cases the levels

C

were velocity scaled to 220 meters per second by V- and area scaled to 61. 9 square cen-
timeters. The frequencies were scaled linearly with velocity and equivalent nozzle di-
ameter.

The velocity scaling is straightforward, since most data for flow over a surface have
indicated a velocity to the 6th power relation for the level and a simple linear velocity
scaling for frequency. The geometric scaling used to account for size differences is con-
siderably less reliable. A level scaling by area and frequency scaling by diameter (or
square root of area) implies that the entire configuration grows linearly by the same a-
mount. In the three cases compared, however, the wing-flap systems were all the same
size, with only the nozzle diameters being different. Since the nozzle diameters used in
the below and above-the-wing cases were both scaled upward, the data in figure 9 are
somewhat high for these two configurations, and the true levels would actually be less,
with overscaling being more significant for the over-the-wing case because of its consid-
erably smaller nozzle diameter. Hence caution should be exercised in arriving at any
rigorous conclusions from these data. Nevertheless, some qualitative conclusions may
be made. Based on the assumed scaling laws and qualifications mentioned previously,
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figure 9 indicates that the engine-in-front-of and engine-below-the-wing configurations
are comparable in peak power and frequency with the EFW configuration showing a more
rapid rolloff at frequencies greater than the peak frequency. The above-the-wing case,
though, generates less acoustic power at the peak frequency than the other two, but rolls
off somewhat slower than the other two. The integrated sound powers for all three con-
figurations are approximately the same.

Figure 10 shows the more important SPL spectra at a representative position be-
neath the wing (microphone angle, 80°). The source of the data for the below-the-wing
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case is the same as for figure 9, and the source for the above-the-wing case is ref-
erence 9. These data are also for a flap angle of 30°-60° and V- = 220 meters per
second. The same scaling as that used for figure 9 was used for this figure, and the
same comments concerning the geometric scaling uncertainties apply to this figure as
well. Once again, for the below- and in-front-of-the-wing configurations, the peaks occur
at the same frequencies, but the spectrum for the EFW case rolls off more rapidly The
above-the-wing case, though, appears to be considerably quieter, not only at the peak
frequency but also over a relatively wide band about the peak. Similar results hold for
the takeoff position of the flaps (but they are not shown here).

Flow Attachment

Since the primary purpose of an externally blown flap is to provide lift augmentation,
it is vitally important that the exhaust flow has good attachment to the wing-flap system.
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Static lift and thrust data provide a measure of the degree of flow attachment to the upper
and lower surfaces of the flaps and a measure of the turning efficiency of the wing-flap
system. Figures 11 (a) and ll(b) are polar plots of the static turning effectiveness for
the flap settings in the takeoff and landing positions, respectively. The data are shown
for both jet exit velocities considered and for the leading edge of the wing inside and
outside the nozzle. The points were computed from measured values of static life and
thrust, and normalized by the static thrust of the nozzle alone. Details of the lift and
thrust measuring facility can be found in reference 7.

For the case where the leading edge was outside the nozzle (open symbols), good
attachment and lift augmentation was achieved in both landing and takeoff flap positions,
with turning of approximately 56° and 30°, respectively, at both jet velocities compared
to a geometric chord angle of 65° and 25°. The efficiencies in both cases are between
80 and 90 percent. Although the efficiency of the system with the wing leading edge in-
side the nozzle is the same or only slightly less, the flow attachment for this case is not
nearly as good, 20°-25° of turning for the takeoff position but only 40°-45° for the land-
ing position.

It would appear from these preliminary static tests, then, that since the acoustic
performance of both configurations was the same, the configuration with the wing out-
side the nozzle would be preferred on the basis of its performance as a lift-augmenta-
tion device.

SUMMARY OF RESULTS

From the tests conducted and comparisons made with published and unpublished
data, the following conclusions can be made (within the limits of the scaling relation
used): /

1. For the engine in front of the wing, there is no significant difference in spectral
shape and level or noise directivity with the wing leading edge inside the nozzle or with
it set back from the nozzle exit plane 1 nozzle diameter.

2. The total power generated for the two configurations tested is approximately equal
to that of engine-under- and engine-over-the-wing configurations tested by previous in-
vestigators, but the power spectrum for the EFW rolls off from the peak, more rapidly
than the other two.

3. The sound pressure level spectrum at positions beneath the wing for the engine
in front of the wing generally lies between those of the engine-below- and engine-above-
the wing schemes, being less than the below-the-wing scheme but more comparable to
the below-the-wing configuration than the above-the-wing scheme.

13



4. For both landing and takeoff flap positions, the static-lift-augmentation perfor-
mance for the configuration with the wing leading edge outside the nozzle is somewhat
better than the case with the leading edge inside the nozzle. The latter produced only
partial turning of the exhaust flow,

Lewis Research Center,
National Aeronautics and Space Administration,

Cleveland, Ohio, August 9, 1973,
501-24.
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