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FLAP NOISE AND AERODYNAMIC RESULTS FOR MODEL
QCSEE OVER-THE-WING CONFIGURATIONS

by W, Olsen, R. Burns, and D. Groesbeck

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

ABSTRACT

Noise spectra in three dimensions and aerodynamic data were mea-
sured for a model of the NASA QCSEE (Quiet Clean Short-Haul Experi-
mental Engine) over-the-wing configuration. The effects of flap
length, nozzle exhaust velocity, and nozzle geometry were determined
using a singlenozzle and wing-flap segment.

Related tests indicated that the scaled-up model data would be
representative of full scale flap noise with the QCSEE engine. The
scaled-up QCSEE model data imply that the noise goal will be very
nearly attained.

INTRODUCTION

The primary objective of the Quiet Clean Short-Haul Experimental
Engine (QCSEE):program is the development of technology for two types
of STL aircratt engines. These engines would be used to augment 1lift;
one is iounted under-the-wing (UIW) and the other over-the-wing (OTW).
The noicse associated with the 1ift augmentation is one of the dominant
noise sources for the QCSEE powered aircraft (ref. 1).

As part of the research effort for QCSEE program at the Lewis Re-
search Center, aerodynamic and noise measurements were taken for a model
of the nominal OTW QCSEE configuration. The first objective was to
determine if the aircraft powered by QCSEE engines would meet the 95
EPNdB noise goal (ref. 1). The second objective was tc determine the
effect of nozzle configuration, jet velocity, and flap length on the
flow and noise. The noise data were also compared with the predictions
of a current flap noise prediction model; a similar comparison was
made in reference 2 for a UIW configuration.

Free field noise spectra in three dimensions were measursd for 1/28
and 1/11.5 scale models of the nominal OTW configuration and variations
of that configurat.on. Related tests were also performed to insure that
the scaled up model data would be representative of the full scale flap
noise with the QCSEE OTW engine. Static aerodynamic measurements, such
as velocity profiles, lift, and thrust, were also obtaired.
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Aerodynamic Data

Static 1lift and thrust measurements were taken on the aerodynamic
facility described in reference 5, Velocity profiles were obtained
on this facility at the nozzle exit plane and also at the trailing edge
of the wing-flap test model, These measurements were made with a travers-
ing pitot-static tube aligned with the flow, and were automatically plot
ted on graph paper.

Description of the QCSEE Configurations Tested

A scale drawing of the QCSEE naminal configuration is given in
figure 2(a). The nozzle and wing-flap design was based on "state of the
art" information. The nozzle is essentially a "D" shaped nozzle with
side doors. The side doors are opened during takeoff and approach for
better flow attachment on the wind-flap surface, and also to match en-
gine cycle area requirements. The nominal flap configuration used for
approach is shown by D, and A shows the nominal flap position and
length for takeot?. The takeoff flap angle,¥ , is 30°, and 75° is
used for apy.oach.

A 1/11.5 scale model of this nominal nozzle geometry (designated
herein as N1) was built by the Langley Research Center for aerodynamic
tests in a wind tunnel (ref. 6). Acoustic tests were conducted with
this model at an outdoor acoustic rig at the Lewis Research Center.
The engine core (see fig. 2(a)) was not simulated (i.e., not included)
for either of these test series. The height, h, of the nozzle was
8 cm and the wing~flap span was about 11 nozzle heights wide. The
roof internal angle, B, was 23 1/2°, and the side door angle was
59, Additional flap lengths were also tested as shown in Table 1.

A 1/28 scale model was also built for additional acoustic (anechoic
camber) and aerodynamic static tests (site of ref. 5) at Lewis. This
small model (5.2 cm equivalent diameter) is shown on figure 2(b).
Several wing-flap lengths and nozzle geometries were tested with this
model, as shown on figure 2(b) and Table 1. The wing-flaps were very
nearly geometrically similar to the nominal configuration shown on
figure 2(a). These tests used the N2 and N3 nozzles, which had dif-
ferent roof angles, B, of 23 1/2 and 280, respectively. The height,
h, of the N2 nozzle was 3.3 cm, and 3 cm was the height of the N3
nozzle. The N2 nozzle geometry was very close to that of the N1
nozzle geometry, except for the floor of the nozzle. The bottom of
the 1/28 scale model nozzles (N2 and N3) was the wing surface. There-
fore, unlike the N1 nozzle (nominal configuration), the small span-
wise flow through the side doors encountered no step The nozzle was
centered on the wing flap which was about 9.2 nozzle widths wide.

Additional OTW Configurations

Additional model aerodynamic and acoustic tests were performed to
insure that the data from the small model tests was representative of
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full scale engine data. These tests involved a scaling law test and
a high velocity core simulation test.

In the scaling law test acoustic and aerodynamic data were obtained
for a geometrically similar 1/18.5 scale model of the full scale OTW
configuration (using a T¥-34 engine, ref, 7). The configuration is
shown on figure 3; it involved a canted slot nozzle (4:1 aspect ratio)
over a wing with a short flap. The exhaust from the nozzle was uniform.
The model tests duplicated the nozzle exhaust velocities and micro-
phone angles of the engine tests; and both sets of data were free field
and lossless.

The core of the QCSEE OTW engine (see fig. 2(a)) has nc forced
mixer. Therefore, the high velocity core jet exhausts from the engine
exit nozzle unmixed. The QCSEE model tests had a uniform exhaust
velocity. A test was performed to determine if a high velocity core
jet would modify the results from the model tests that had a uniform
exhaust velocity. The high velocity core jet was simulated by the fol-
lowing. A fine screen, (with a 1.8 cm dia hole in it) was placed inside
of the 1/28 scale model nozzle. The core/fan velocity ratio and the
relative core area of the engine were matched in this simulation.
Velocity profiles, mass flow, lift, and noise spectra were measured.

Test Procedure

Far field acoustic data and aerodynamic data were taken separately
on the facilities described above at a number of ideal nozzle exhaust
velocities, V,, ranging from about 150 to 275 m/sec., The nozzle and
flap configurations tested are shown in figure 2 and table 1. The
aerodynamic data were taken with the 1/28 scale model configurations,
and the acoustic data were taken using both the 1/28 and 1/11,5 scale
model configurations,

RESULTS AND DISCUSSION

The results are discussed in three major sections. The first
section deals with the aerr”Aynamic and acoustic results for the model
scale QCSEE configurations. The second section involves aerodynamic
and acoustic tests designed to determine whether the model data are
representative of full scale engine data, In the third section, the
perceived noise level is computed from the model scale data and com-
pared with the QCSEE flap noise goal.

QCSEE Configurations
Aerodynamic results. - Velocity profiles and 1ift and thrust mea-

surements, taken with the 1/28 scale model configurations shown on
figure 2(b) and table 1, are ciscussed in this section.




Velocity measurements., - Constant velocity contours were obtained
in the spanwise plane passing through the trailing edge of the flap
and normal to the flap surface there. These contours are shown on
figure 4(a) for the nominal length takeoff flap (A) at a nozzle velocity,
Vp, of 720 ft/sec. The contours show that the flow is well attached
to the flap. Compared with an OTW configuration using a circular
nozzle with deflector (ref.8), the QCSEE nozzle shows very little
spanwise or axial decay of the velocity.

The peak velocity occurs at the center of the span (z = 0).
The velocity profile at the center of the span was obtained from
these contour data and is plotted on figure 4(b). Profiles are also
shown for other takeoff flap lengths. These results indicate that the
peak trailing edge velocity is about 99 percent of the nozzle velocity
for the short flap, 95 percent for the nominal length and 89 per-
cent for the long flap. These profiles also indicate that attach-
ment was good for all takeoff flaps but not for the approach flap.
The results on figure 4 are for the N2 nozzle; essentially the same
results were obtained with the N3 nozzle with its steeper roof angle.

Velocity profiles were also obtained at the model nozzle exit
plane. These profiles were uniform and in agreement with the ideal
velocity, Vp, calculated from the nozzle pressure ratio and temper-
ature,

Lift-thrust measurements. - A polar plot of the static 1lift and

thrust results for a number of nozzle and flap configurations is shown
on figure S. The takeoff flap (30° flap angle) data are clustered near
a turning angle of 30° for several flap lengths, nozzle shapes, and
velocities. This indicates close flow attachment. The short flap
turned the flow somewhat less than the long and nominal flaps,

The approach flap (75° flap angle) had bad flow attachment, it
turned the flow only 55°. Comparable results were obtained in Langley
experiments (ref., 9 ) with the 1/11.5 scale model (fig. 2(a)).

The turning efficiency for all flaps increased as the velocity
was increased. This is not shown on figure 5; but, as benchmark,
the nominal velocity data are indicated by solid symbols. The static
turning efficiency at the nominal velocities was about 0.83 for the
takeoff flaps and 0.77 for the approach flap. The 1lift and thrust
were normalized to an ideal thrust (p V,“ Ap), where p and Vj,
were calculated from the pressure ratio and temperature, The area
of the nozzle, A,, is the open area of the nozzle with the doors
open, except that the area of the side door openings is excluded
(see fig. 2). This exclusion is reasonable because only about S per-
cent of the flow passes through the side openings, which account for
about 20 percent of the total nozzle area. If the ideal thrust was
based on the measured flow and ideal velocity, the efficiencies for
the takeoff and approach flaps would have been 0.9 and 0.8l, res-
pectively. Similar static tests were performed at Langley with the




1/11.5 scale model and the approach flap (ref. g9). Nearly the same
turning efficiency was noted when the results were compared on the
same ideal thrust basis.

Acoustic Results

The noise data presented in this section are summarized in figures
6 to 11. For those requiring more detail, complete tables of the three
dimensional spectral sound emission are available on request.

Method of data presentation. - For convenience, the three dimen-
sional spectral sound emission from the QCSEE OTW configuration is
presented as follows. The data are separated into two quantities

ASPL = SPL - OASPFL | (1)
Bi, @
OASPLg, . = OASFLg;,¢=0 + &0 (2)

The first quantity, ASPL, describes the shape of the spectra, which
tends to be a function of only the configuration, azimutn angle @
and the Strouhal number, S

S = fde/Vn (3)

The second quantity (eq. (2) ) describes the OASPL radiation patterns
in the 6; and 9 coordinate directions (see fig. 1). The radiation
pattern in the @ = 0° plane is described by OASPLg; @ While &9
describes the azimuthal change from the ¢ = 0° pattern as ¢ is
increased,

it is convenient to breakup OASFLg; o=0 into three terms,

OASFL 10 Jog % Vﬁ \ P Sa (4)
i 10 | 5 =
91,9 R® TS/) Configu- gg}pe of
. — O/ J ration radiation
Scaling constant pattern

The first term accounts for the model size (i, e.,, the nozzle area,
Ap), microphone distance (R), environmental temperature (T,), and

the nozzle exit flow velocity (Vn). This term is used to scale up
tie SPL level of model data to full size, The second term, K, is
a configuration constant. The third term is the shape of the radi-
ation pattern in the @ = 0° plane at some V_, For many config-
urations, the shape of the radiation pattern 3oes not change with
velocity (e. g., the exponent, n = 6,7 for multi-flap UTW config-




urations at all 6;).

OASPL level and radiation patterns. - The OASPL radiation patterns
in the ¢ = 0° plane are plotted on figure 6 for the 1/11.5 scale
model with the N1 nozzle. The measured patterns for the takeoff and
approach flaps are plotted as data points on figures 6(a) and (b),
respectively. Examination of these results indicates that the level
and shape of the OASFL pattern are essentially the same for the take-
off and approach flaps, wherever 6; < 100°,

Additional nozzles and flap lengths were also te:s’.ed. It was
observed that the shape of the radiation pattern was not significantly
affected by changes in the flap length or nozzle configuration., How-
ever, the level was affected, For example, the CASFL at 6, = 90°
varied with L/h according to -27 logjoL/h ®r the N1 and NZ nozzles.
The N2 and N3 nozzles were 4 dB quieter than the N1 nozzle for all
flap lengths,

The data shown on figure 6 were comparedl with the results (shown
as the smooth curves) from the UTRC flap noise prediction model
(ref. 10). This model is a:noise component methoc. where a number of
sources and eifects are accounted for semi-empirically. The agreement
L etween the data and model results is excellent over most of the polar
arc, The poor agreement for those 6., above the flap exhaust is not
a major flaw in practice, Furthermore, the data near the flap exhaust
were occasionally affected by flow impingement on those microphones;
those cdata are, therefore, not reliable.

The azimuthal variation of the OASPFL for the takeoff flap and
velocity is shown in figure 7 at three polar angles. The quantity
&Xp is the difference between the OASFL measured at ¢ and the OASPL
measured at @ = 0°, which is shown on figure 6. The data at 63 = 90°
for the takeoff flap show that the OASPL at ¢ = 90° is about 10 dB
lower than the OASFL at ¢ = 0°,

The data are compared with the UTRC prediction model? on figure
7. The data and the UTRC model agree for most of the polar arc,

1The calculations were performed by M. Fink, as part of NASA
Contract NAS3-17863, without reference to the data in this paper,

2A trigonometric error was discovered in the UTRC model (ref,
10) by its author, it was corrected for this comparison. This
error caused a poor agreement at 63 < 60° in a similar comparison
(ref, 2) for an UTW configuration, After correcting the error, the
agreement was improved,




Multi-flap UTW flap noise data (ref, 1ll) produced noise
raciation patterns whose shape was unaffected by the velocity; th2
velocity exponent, n, in equation (4) was constant (n =
angles ch and ¢, The shape of the OASFL patterns shown on figure
6 changes with velocity. This implies that n 1is not independent
of 63 for the QCSEE OTW configuration, Figure 8 shows the variation
of the velocity exponent, n, with 6, for several flap lengths and
azimuth angles, @, l

The data indicates that the exponent varies from n = 6,, at srall
61, to n=28, at large 6,. At 6; = 90°, n= 7. There is nv
systematic variation of n with ¢, mnozzle shape, or flap length,
The result from the UTRC model is close to the average or the data,

SFL spectra, - The SFL spectra at 6, = 90° for the nominal
configuration are shown in figure 9 for several azimuth angles, Fig-
ure 9(a) is for the nominal takeoff flap at the takeoff velocity,
while figure 9(b) is for the approach flap and velocity. The re-
duction in SPL with increasing ¢ is much larger at low frequency
than at high frequency, The perceived noise level (PNL), calcu-
lated directly from these type of spectra, is given in the last
section of this paper.

These free field spectra are not smooth at low frequency, This
lack of smoothness has also been noted in free field data fur a multi-
flap UTW contiguration (ref, 2), and also in reference 12.

Data for the spectral shape of the takeoff flap noise at ¢ = 0
and ¢ = 85° are plotted on figures 10(a) and (b). In making these
figures the SPFL are normalized by the OASPL and plotted as a function
of Strouhal number, The data shown are for several polar angles and
velocities, and for various nozzle shapes and sizes. The data scatter
12 dB about the average smooth curves drawn through the data (solid
curve),

The spectral shapes for the approach flap at ¢ = 0° ana 85°
are shown on figures 1l(a) and (b), respectively, These data also
collapsed well about the smooth (solid) curves through the data,
These curves are the same as used on figure 10, however the curve
for @ = 0° had to be shifted to lower frequency by 1/3 octave.

For comparison, the spectral shapes from the UTRC prediction
are also drawn on figures 10 and 11, ‘The prediction agreed with the
averaged smooth curv~: inru the data, except for figure 10(a) and
at low frequercy, The spectral shapes from the UTRC model are an
average of the spectra predicted for the range of polar angles and
velocities of the data. The variation of the spectra given by the
UTRC prediction was small, which is consistent with the data.

Engine and Scaling Effects

The exhaust flow from the previously discussed model-scale




nozzles was uniform and at ambient temperature; and the initial
turbulence was very low. In contrast, the exhaust flow from the
QCSEE engine is expected to be highly turbulent with a prominent
high velocity peak due to the unmixed hot core jet. This section
describes the results from two experiments that were designed to
show the effect of the above differences, and the accuracy of
scaling, The first experiment determines the accuracy of scaling
data from a geometrically similar 1/18.5 scale model of a TF-34
engine experiment that used a canted slot nozzle OTW configuration
(ref, 7). The engine exhaust stream was turbulent; the model was
not. Both the engine and model nozzle exhaust velocity profiles
were uniform, The second experiment was performed to determine
if the non-uniform exhaust (i.e., the high velocity core) of the
QCSEE OTW engine would alter the aerodynamic and acoustic results
obtained with a uniform velocity profile.

Accuracy of OTW model d.ta scaling, - A full scale OTIW con-
figuration, using a TF-34 engine, canted slot nozzle and a short
flap, was tested previously (ref, 7). These full scale results
were about 6 dB higher than the scaled up OTW model data, This
discrepancy could be due to the fact that the model data used
was obtained with a configuration that was not geometrically
similar to the full-scale configuration.

Acoustic and aerodynamic data were therefore, obtained for a
geometrically similar 1/18.5 scale model of the short flap, canted
nozzle configuration used in that TF-34 engine test (see fig. 4).
The model tests duplicated the engine velocities and microphonne
angles; and bnth sets of data were free field and lossless. The
principal differences were related to scaling effects (e.g., the
size and microphone distance) and the turbulence level at the nozzle
exit plane of the engine (e.g., mcre than 10 percent for the engine
compared to less than 1 percent for the model). Another difference,
believed to be minor, was the exhaust temperature (lBOOC for the
engine compared to 10° C for the model).

Velocity contours similar to those shown on figure 4(a) were
measured for both the engine and model. Both sets of data were in
excellent agreement,

The fvll scale spectra measured at 6; = 90° with the TF-34
engine (ref, 7) are plotted in figure 12 as solid symbcls for two
velccities. The scaled up spectra for the gecmetrically similar
1/18.5 scale model of the full scale configuration are plotted on
figure 12 as open symbols. The agreement is excellent. The agree-
ument at other polar angles (not shown) was equally good. Excellent
agreement has also been shown previously in those few comparisons
where geometrical similarity was carefully maintained (e.g., 3 flap
UIW in ref. 2, and 2 flap UIW in ref. 13).
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These results imply that data from small geometrically similar
models will scale up to full scale to an accuracy approaching the
accuracy of the data (*1 dB).

The span of the wing-flap segment for the TF-34 engine was
2.75 nozzle widths. The width was sufficient to insure there was
no flow off the sides of the wing. Model experiments with flap
spans of 2.75 and 6.7 nozzle widths showed that there was no span
effect on the acoustic results in the ¢ = 0° azimuth plane., The
flap span/nozzle width ratio of the model QCSEE experiments was
9.2 for the 1/28 scale models and 5.7 for the 1/11.5 scale models.
Measurements were not taken at other azimuth angles.

Effect of high velocity core, - The predicted flow from the
QCSEE engine has a prominent unmixed hot high velocity core jet.
The QCSEE model and TF-34 scaling tests used nozzles which had
a uniform nozzle exhaust velocity. The high velocity core of the
QCSEE nozzle could possibly affect the accuracy of scaling up
the model QCSEE accustic and aerodynamic data to the full scale
engine test, The experiments described in this section are "worst
case" experiments to determine if the high velocity core could
have an appreciable effect,

An analysis was performed {ref, 14) which indicated that the
high velocity core engine jet (fig. 2(a)) would not noticeably
mix by the time it reached the nozzle exit plane, regardless of
whether the core jet was hot or cold. The lower density of hot
core jet would of cource result in faster mixivz than a cold core
jet as the flow passes over the flap. In order to determine if
the high velocity core wovdd affect the accuracy of scaling, a
"worst case" experiment using a cold core flow was employed. A
fine screen, with a hole in it, was placed inside of the 1/28"
scale model nozzle to simulate the high velocity core jet of the
engine core nozzle (see sketch in fig, 13 and fig., 2(a)). The
hole was equivalent to the core nozzle area. Measurements down-
stream of the screen indicated that the largest (worst case) core
to fan velocity ratio for the engine (1.6) was closely simulated.

Velocity ccntours were measured at the nozzle exit and at the
trailing edge. A prominent sharp peak in the velocity contours,
which is associated with the high velocity core, was observed at
the nozzle exit plane., Although somewhat less prominent, it was
also evident in the velocity contours measured at the trailing edge
for the approach and takeoff flaps. Although this peak might affect
the flow attachment, the trailing edge contours indicated flow attach-
ment was unaffected, Lift and thrust measurements also indicated
that the turning angle of the flow for the takeoff and approach flaps
was the same as those observed with a uniform nozzle exhaust flow
(see fig. 5). The static lift was compared at the same flow weighted
velocity for the uniform and high velocity core cases. The static
1lift was very nearly the same.
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The effect of a high velocity core on the noise produced is
shown on figure 13, The "worst case" high velocity core case is
compared with the uniform flow case at the same flow weighted
velocity. In this case, this comparison is equivalent to a com-
parison made at the same static 1lift. According to reference 15,
& comparison at the same static 1lift is a reasonable approximate
way to make an acoustic comparison at the same performance level.
The spectra are the same at the two values of static 1ift (or
flow weighted velocity) where the camparisons were made.

Apparently the prominent peak in the trailing edge velocity
contours is of insufficient size to noticeably affect the acoustic
or aerodynamic esults. In any future comparisons between the
model data reported here and full scale results using the QCSEE
engine, it is suggested that the comparison be made at the same
flow weighted velocities. The model must also be geometrically
similar to the full scale configuration.

PNL. Results

The small model acoustic data reported in the first section
were scaled up to describe the noise for a full scale QCSEE con-
Tiguration with a single engine. The results are presented in
this section. The perceived noise level, PNL, is computed and
compared with the flap noise goal.

The noise goal (ref. 1) for the QCSEE aircraft is 95 EPNAB
along a 150 m sideline, According to reference 1, the maximum
EPNdB will occur when the aircraft is at an altitude of about 60 m
(p = 67°) during takeoff or approach. The 95 EPNAB noise goal for
the aircraft in flight is equivalent to a flap noise PNL reguire-
ment of 91.5 PNdB for free field data measured along a 150 m side-
line distance in a full scale static experiment using a single
QCSEE engine, The adjustment from the 95 EPNdB goal to the 91.5
PNAdB flap noise requirement involves several contractually speci-
fied corrections, These corrections involve: other noise sources,
four engines, engine thrust, fuselage shielding, flight effects,
extra ground attenuation, ground reflection of the flight test site,

The model SFL spectra, measured in the ¢ = 63° azimuth plane,
were scaled up according to equations (3) and (4). The SPL level
of the model spectra were decreased 6 1/2 dB to account for the
differences noted in table 2 (i.e., size, distance, and small dif-
ferences in: ¢, velocity and ambient temperature). The effect
of high velocity core of the engine was accounted for by using a
mass averaged velocity, The frequency of the model data was multi-
plied by the scale factor to obtain the full scale frequency. The
1/11.5 scale mcdel data at 20 KHz is equivalent to a full scale fre-
quency of only 1.6 KHz. A PNL calculation requires a spectrum up
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to 10 kHz; an extrapolation of the model spectra is, therefore,
required, A straight line extrapolation was used because it des-
cribes the high frequency model and full scale data (e. g., see
figs., 9 and 12). The spectrum was then corrected for atmospheric
attenuation and the PNL was calculated, It turns out that atmos-
pheric attenuation at the high frequencies is so large that any
inaccuracy in the extrapolation does not noticeably affect the value
of PN, obtained,

The peak PNL along a 150 m sideline distance in the ¢ = 63°
plane occurred at 6. = 90°, as shown in figure 14 for the nominal
takeoff conditions., "The peak PNL occurred at 6; = 90° for all
azimuth angles, velocities, and configurations tested. As a con-
sequence, all subsequent PNL comparicons will be made at 65 = 20°,

Effect of nozzle configuration, - The peak PNL (64 = 90°) was
calcualted for several full scale QCSEE nozzle configurations (see
table 1 and fig. 2) at the naminal velocities and flap lengths.
Table 3 lists these results., The PNL values for the N2 and N3
nozzles, which differ slightly in the roof angle, were about the
same, just below the 91.5 PNAB flap noise requirement at takeoff,
The nominal configuration using the N1 nozzle was about 4 PNdB
noisier than the requirement. The N1 and N2 nozzle geometries
are similar except that the N1 nozzle has a step at the side
door openings (compare figs. 2(a) and (b)). The N2 geometry
was also tested with thick side doors (not shown); this was also
about 4 PNAB noisier than the requirement., These results imply
that the acoustic results are sensitive to the geometry of the
nozzle, The flap noise at approach conditions was about 88 PNdB.

Effect of velocity and flap length, - The peak PNL was cal-
culated at four velocities for several full scale nozzle and flap
configurations., These results are plotted on figure 15 for the
N1 and N2 nogzles with the nominal takeoff flap. The peak PNL
follows a V;” power law at ¢ = 63° and also at other azimuth angles.
Therefore, a small reduction in the engine exhaust velocity will
have a large effect on the perceived noise.

The effect on flap lenghth on the PNL for the takeoff flap is
shown in figure 16. The PNL would be reduced 1 PNdB for an 8 per-
cent increase in the flap length from the nominal length. This
result is substantially independent of the azimuth angle, velocity
or nozzle configuration.

CONCLUDING REMARKS

The PNL of a full scale configuration using an engine can be pre-
dicted from scaled up small scale model data, or from analytical
predictions, The accuracy of these methods is discussed here to
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illustrate a few points,

It was previously demonstrated that scaled up data from a
small geometrically similar model accurately reproduced full scale
OIW results taken with the TF-34 engine to within 1 PNdB, which is
approximately equal to the scatter of the data.

The PNL for the full scale QCSEE configuration can also be
determined frum the smooth averaged curves drawn through the mass
of data on figures 6, 7, and 10, The PNL for takeoff was 93.7
PNAB with the N1 nozzle, This is 1.3 PNdB below the 95 PNdB value
shown on table 3 for the N1 nozzle. The values in table 3 were
calculated directly from the single spectrs. (measured at the desired
conditions) with no averaging or smoothing. This difference gives
another indication of the effect of data scatter and the non-
smoothness of the spectrum,

The prediction from the UTRC model resulted in 92 PNdB.
According to table 3 in the PNL for the N1 nozzle was 95 PNdB
while N2 and N3 nozzles resulted in 90.5 and 91 PNdB, The pre-
dicted PNl results lie between the PNL bounds measured for the
various nozzles, The UTRC prediction model could not predict
such a large sensitivity to nozzle shape, Beczuse of this con-
figuration sensitivity, any future evaluation of analytical flap
noise prediction models should be done with data from several
significantly different flap configurations,

CONCLUSIONS
The folliowing conclusions are based on the previous results.

l, Scaling and high velocity core tests indicated that scaled
up model data would be representative of the full scale flap noise
with the QCSEE engine, However, the model must be geometrically similar
to the engine nozzle, and the high velocity core of the engine must be
accounted for by using a flow weighted velocity.

2. The scaled up model flap noise data imply that the nominal
QCSEE OTW.  configuration will very nearly meet the noise goal.

3. The flap noise level is sensitive to the geometry of the
nozzle.
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SYMBOLS

open area of nozzle excluding the side door opening, mé

equivalent diameter of nozzle, m®

frequency or center frequency of third octave band, Hz
nozzle height, m

configuration constant, dB

velocity exponent

microphone radius, m

Strouhal number, fdo/V,

sound pressure levz=1, dB

environment temperature, °c

local velocity, m/sec

nozzle velocity, m/sec

perpendicular distance above trailing edge, m
spanwise distance from center of span, m

roof angle from nozzle centerline, deg

OASPLg, - OASFLg, -900 dB
y - OASFL dB

SPL - OASFL, dB
polar angle, measured from nozzle centerline at inlet, deg
density, kg/m°

azimuth angle of microphone plane from plane through center-
line and perpendicular to wing surface, deg

flap anzle from centerline, deg




7.
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TABLE 2

SCALING PARAMETERS USED IN EQUATION (4) AND STROUHAL NUMBER

Full Scale Model Scale
Configuration Single QCSEE Engine Geometrically Similar
(400 KN Thrust) Nozzle and Wing
Size (Scale Factor) 1 1/28 1/11.5
Azimuth Angle, @ 67° 630
Distance, R 165 M at ¢ = 67° 3M 6M
(150 M Sideline
Distance)
Acoustic Data Free Field Free Field
Nominal Velocity, Vy 225 M/Sec (T.0.) Almost the Same
195 M/sec (app.)
Environment
Temperature, T, 25°C Standard Varied
Humidity 70 Percent Day
TABLE 3

PEAK PNL FOR VARIOUS QCSEE NOZZLE CONFIGURATIONS

At Nominal Velocities and Wing-Flap Lengths,

Full Scale Single Engine at 150 M Sideline Distance (¢ = 63°),

Free Field and Standard Day (25° C, 70 Percent RH)

Configuration PNL, PNdB
A. QCSEE Takeoff (225 M/sec, Wing A)
N1 Nozzle 95
N2 90,5
N3 91
B. QCSEE Approach (195 M/Sec, Wing D)
N1 88.5
N3 88
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Figure 1, - Small test rig in Anechoic chamber.
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(a) Nominal configurations with N1 nozzle.
Figure 2. - QCSEE OTW Configurations.




(b) Configurations with N2 and N3 nozzles.
Figure 2 - Concluded.

/2.3cm

CHORD

Figure 3. - Model of OTW configuration used in TF-34 engine test. Geometrically similar 1/18. 5 scale model.
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Figure 14. - Perceived flap noise level, PNL, along
150 m sideline for QCSEE OTW during takeoff.
Azimuth angle, @, 63% nozzle velocity, 225 m/sec;
nominal length takeoff flap; 1/11.5 scale model
with NI nozzle; standard day (25 C, 70% RH).
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Figure 15. - Effect of velocity on peak PNL. Polar angle,
. 90% 150 m sideline at @ = 63°% nominal takeoff
flap A; full scale single engine; standard day (25 C,

70% RH).
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Figure 16. - Effect of flap length on PNL. Polar angle, 6, 9%°; flap
anale, ¢, XP.
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