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WIND TUNNEL MEASUREMENTS OF FORWARD SPEED
EFFECTS ON JET NOISE FROM SUPPRESSOR NOZZLES AND
COMPARISON WITH FLIGHT TEST DATA
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Ames Regearch Center, NASA, Moffett Field, Callf,

Abstract

The results of a test program 2onducted in the
NASA Ames 40~ by B0-Foot Wind Tunnel to determine
the cffect of forward apeed on the noise levels
emanating from a conlcal ejector nozzle, a 3I2-spoke
suppressor nozzle, and a 104-ellipticai-tube sup-
pressor nozzle are reported. 1t {8 shown that
nolse levels are reduced as forward speed {8 in-
creared and that, for one suppressor configuration,
forward speed enhances suppression, Comparisons
of noise measurements made in the wind tunnel with
those obtained in flight tests show good agreement,
It ip concluded that wind tunnels provide an effec-
cive means of measuring the cffect of forward speed
on aireraft noise,

Nomenclature

Hz cycles per second
over all suund pressure level, dB
SPL sound pressure level, dB

vy jet exit velocity, m/sec (ft/sec)

Vo wind tunnel velocity, mfaec (ft/acc)

Vi V4 ~ Yo, mfsec (ft/sec)

01 acoustic angle measured from inlet axls
Introduction

Use of a wind tunnel facility to measure the
effect of forward speed on afreraft nolse offers
scveral advantages over flight tests in terms of
costs, test condition control, model configuration
control, and data gumple time. The staff of NASA
Ames Research Center has used Ameg 40- by 80~Foot
Wind Tunnel to study much effects on propeller air-
ecraft, large scale S5TOL models, and jet engines.
This yaper summarizes a test program conducted in
the 40+ by 80-Foot Wind Tunnel to determine the
effect of forward speed on nolse from a conical
ejector nozzle, & 3I2-gpoke suppressor nozzle, and a
104-elliptical~tube suppressor nozzle with and with-
cut a treated ejector shroud, Wind tunnel data
showing the effect of forward speed on noise for
each nozzle are presented and comparisons of wind
tunnel data with flight test data from NASA Lewis
Research Center Fl06B fly-over tests" are shown for
the conical ejector and the 1l04-elliptical-tube
nozzles, Wind tunnel data corrections and flight

test data corrections necessary to make comparisens
are summarized.

Model Description and Test Sctup

The suppressor nozzles and base line conieal
ejector nozzles were tested with a GE J 85 turbo-~
Jet engine mounted in a flight nacelle identical to
that uaed during the F106B flight tests at Lewls
Research Center. The nacelle was mounted in two
ways, first isolated as shown in Fig. 1 and then
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under the right wing of an aireraft research model
as shown in Fig, 2. Doth arrangements ward used
for studiep on the atatle test stand and {n the
wind tunnel, The nozzles studled were the hape-
line conical cjector nozzle, n 32-apoke nozzle, and
n 1D4-elliptical-tube nozzle with an acoustcicakly
treated shiroud, The nozzles are shown in Figs, !
through 5.

The atatic portion of the testing was dome 3t
the Ames Static Teat Facillity, The model was
mounted on a test stand so thak the centerline of
the engine axis was 6,1 m (20 f) above the ground
surface, Microphones were placed to duplicate the
wind tunnel pogitions and were alsg placed on a
30.5 m {100 ft) arc, referenced trn the nozzle exit
centerline, to make far-field measurements. The
wind tunnel microphone poaitions were 1,8 m (6 ft)
above the surface while the far~ficld microphone
height was 6.1 m (20 ft). The microphone setup
was similar for both of the nacelle mounting
arrangeéments, Schematica of the microphone setup
are shown in Fig. 6. The installation in the wind
tunnel for both the isclated nacelle and nacelle
mounted to the model was w.kh the centerlipe of the
nozzle exit 6,1 m (20 ft) above the tunnel floor.
Figure 7 shows the 4solated nacelle installed in
the wind tunnel,

Data Acquisition and Corrections

Data from the static rest facility were
obtained for several jet velocities; wind tunnel
nolee measurements were abtained at several combi~
natiens of forward speed and jet velocity. The
static tests provided data to establish: (1) near-
field to far-field #lrectivity differenca for data
measured in the wind tunnel and extrapolated to
flight distances; (2} a comparison of data for the
isolated nacelle and the nacelle under a wing;

(3) far~field directivity for each nozzle; and {4)
free-field data for wind tunnel microphone pasitions
to determine the reverberation corrections for wind
tunnel data. .

The reverberation corrections®’® were estab-
lished on a 1/3-cctave band SPL spectrum basis by
comparing the gutdoor data (corrested for ground
reflections) to similar spectrums measured in the
wind tunnel at zéro forward speed. The differences
between the wind tunnel data and free-field ocutdoor
data, at esech 1/3~octava zenter frequency, were
uged as the reverberation correntions, It was
found that the reverberation correctione established
were independent of nozzle type and power g-tting
of the engine., Additjonal details are given. in
Ref. 7. :

Results

Statiec Testu

Figure 8 shows the noise medsured at the static
test facllity at several micraphone locations with
the conical nozzle on the isolated nacelle. Data
from the near-micropho.le positions were correctnrd
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for ground reflection and extrapolated to the far—
field positions on the 30.5 m = =ft) arc, Com—
parison of the data for differenc microphone
locations indicates that for the close~in micro-
phonesa there appears to ba a shift in the directiv-
ity pattern when compared with far-field, However,
for the maximum noise angle, the near-fiold

and farefield spund pressure levels were In good
agreement, Figure 9 compares the far~-field direc~
tivity with tlie isolated nocelle to the directivity
with the nacnille mounted under the wing of a model,
ag measured at the static teat faeility, Theve

was a chanje in directivity in the far-field for
each of kthe nozzles, The 32-spe™e nozzle shows a
slight increase in noise in tha  .ward quadrant
and little or no change in the aft quadrant when
the enginn i mounted on the model. The conlcal
ejector nozzle showed an increase in forv <
quadrant noise of from 1 to 3 PNdB when the engine
wags mounted on the model, and a decxease of 1 to 2
PHAR for most of the aft quadrant rilee, The effect
ohserved for the 104-tube nozzle is that the model
cavsed forward quadraun® noise to increase 1 PNAB
end the peak noise to decresse by 2 to 3 PNdB, This
puggests that installation eEfecta éan alter the
observed effectivencss of suppressors.

Wind Tunnel Tests

The effect of Forward speed on nolse was
obgerved in the wind tupnel for the various nozzles
gtudied. In general, the effect of forward speed,
for a given jet velocity, was a reduction in nolse
vith increasing forward speed. The effect f{or the
conical nozzle was similar to that ohserved stati-
cally when the jet veloeicy was veduced by changing
engina power, Figure 10 shows OASFL as o function
of relative velocity {Vj-Vp) at the peak noise
angle. The wind tunnel data for the conical nozzle
a2t various forward speeds all fall on the static
{zero forward specd) line; thus relative jet velo-
city adequately defines the variation of peak angle
noige with forward speed for the esnical nozzle.
Similar duta are shown for the 104~tube-mixer sup-
presasor nozzle in Figs. 1l and 12. The figures
ghow that as forward speed 1s increased the noise
at the peak angle both with and without the acous-
tic shzoud is reduced more than would be predicted
by relative velocity alone, This 18 especially
true for a tunnel speed of 91 m/sec (300 ft/see)}.
The reason for this excess attenudtion is unknown.
Also shown in Fig. 12 are the peak angle noise
levels at zero wind tunnel speed for the conical
ejector nozzle and for the 104-tube nozzle without
the acoustic shroud. The figure shows that for the
zero speed case, the noise from the 104-tube nozzle
without the shroud is 4=5 dB higher over the range
of relative velocities shown and that the conical
ejector i8 from 9 dB to 16 4B higher im noise level
than the 104-tube nozzle wirh the acoumtic shroud.

The effect of forward speed on the direetivity
of the conical nozzle is shown in Fig. 13. There
was a ceduction in nolse at all angles for increas-
ing forward speed. The amount of reductlon for
each forwscd gpeed change, however, is diffarent
for difterent angles. Recently obtained data from
ily over tests conducted in England“" bave shown
a measured increase in noise 'in the forward quad-
rant angles {reference to iplet) and little or no
change at 90%; these effects were not observed in
the data presented here, However, as is shown in
the next section, comparisons of wind tunnel data
with F1068 f£light data show good agreement,
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Figure 14 shows the relative velochty cffect
on a 1/3 petave spectrum basis for the hozzles
tested, The effcet in all cases 18 a reductien in
the spectrum lovels for increasing forward apeed,

Flipht Comparison

Wind tunnel data for the conital nozzle and
for the LO4~tube nozzle were compared with lest
dota obtained in flight tests of an F106k airerafc,
The comparison of flight data with wind tunnel
data requires that both sets of data be free-{ield,
that the same distance be used for the comparison,
and that f£light test data and wind cunnel data be
compared at the noise angle at the time of nolse
emiosion, Thae flight data were reduced nnd the
emianien angle was accounted for by using retarded
time. The emisaion angles in the wind tunnel were
carrected for flow convaeclion, The flight test
data were corrected to frde~field by first correct-
ing for ground reflectiony using the procedures
outlined in Ref, 10, These procedures are similar
to thosa of Refs, 5 and 6 except for modifications
to make the suppresser nozzle corréction more
realiatic, The flight data were nlss corrected
for Doppler shift and to afundard da¢ conditions
{59°F and 70% velative hugudity), The wind tunnel
data were corrected to Evsewfield by applyl.g the
reverberation corrections determined frem khe
statiec tests and wire then extrapolated to the
flight measurement distances Ly using spherical
attenuation and applying the near-field to far-
field corrections established from the static tests,
The wind tunnel data were also corrected for
atandard day atmospharie attenuation by using
Ref. 11, Slight differences in relative velocity
between fly~over data and wind tunnel data were
accounted for by correcting the wind tunnel data
to the same relative velocity as £light by using
Figs. 10, 11, and 12, The actual corrections
from this source were less than 1.5 d8.

The resulting comparisons of data are shown
in Figs. 15 through 19, Two different nozzle com-
parisons are shownt a comparison of data for the
conical ejector nozzle and u comparison of datn
for the 104~elliptical~tube nozzle, both with and
without the treated ejector sghroud, Figureas 15,
16, and 17 ghow perceived noide level versus
acoustic angle from the inlet, The flight data
are from PNL time historlrw of [ly-overs with the
same relative velocities s the wind tunnel data.
In Fig. 15, the comparis i of data for the conical.
ejector nozzle shows Chi: the data are within
2 PHdB except at the 151° position where tha dif-
ference is 6 PNdB, Figi'te 16 shows the comparison
for the 104-~elliptical-tube nozzle without the
acoustically treated shroud; the data agree within
41,5 PNdB, The angles not shown for the 104-tube
nozzle, but shown for the conical cjecter nozzle,
were influenced by the high background noise level
of the tunnel and medel aupports at those Angles,
Figure 17 shows that the wind tunnel and f£lipht
data 'or the 104-elliptical-tube nozzle with the
acoustically treated shroud agreed within £2 PNJB,

Figures 18 and 19 show camparisons of flight
data and wind tunnel data on a 1/3-octave apectrum
baasis, Figure 18 shows a comparison of spectral
data for the conical ejector nozzle, The flight
dats are from Ref, 12, which included only peak
noise angle 1/3-octave spectrums for the flight
data. The actunl correspondence of data from
£iight and wind tunmel tests is not exact but
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within 6" of acoustiz angle. The wi:d tunnel datn
have been extrapolated to the flight distance and
corrected for atmospheric attenuation, Doppler
ghift, and near-field to far-fiold differcnce. The
difference in acoustic angle and large atmospherie
attenuntion corrections probably accourits for the

~difference in the epectrums at high [requencies.

Figure 19 shows 1/3-octave spectrum compari-
#ons for the 104-alliptical~tube nozzle, both with
and without the acoustic shroud., The flight data
waore supplied by Lowis Research Center and are
within 3° of acoustic angle of the wind tunnel data.
The wind tunnel data were extrapolated to the flight
diatance and corrections applied as hefore; there
ig good agreement over most of the spectrums, The
disagreements in the lower frequencies are due
primarily to the inexact corrections for reflections
in both the wind tunnel and flight data. The
reason for high frequency disagreement in the spec~
trums is not known, The agreement of the spectrums
is coneidered pgood considering the magnitude and
accuracy of the corrections applied co the data.

Conclusions

From the data presented in this paper, the
following conclusions coan be made~
1. The forward speed effect .userved in the
wind tunnel shows a decreasc in noise
level as forward speed is increased for the
nozzles tested,

a) MNoise measured from the conical nozzle
at tls peak nolse angle showed the
classical relative velocity effect
with a predictable attenuation with
forward speed,

b} For the 104-tube nozzle, with and
without the acoustically treated
shroud, the decrcase in noise with
incressed forward speed at the penk
noise angle 15 not predictable From
the relative velecity; instead, at the
highee forward speeds, more attenua-
tion than would be predicted waa

' observed,

. Wind tunnel data compare favorably with

* flight test data when appropriate correc—
tions are made te both scts of data,

3, : leasurements made in the near-field, as

. wquired in the wind tunnel, of the jet

1. ise source ghow gome differences when

et yared to measurements made in the far-

fie 1 for the same aceustic angle. These
difl, cences should he accounte” for when
compay ing wind tunnel data to flight data.

4. The preasence of the model changes the
directivity of the noise source in the
far-field as compared to the isolated
nacelle, The directivity change varies
with nozzle configurations,
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Fig. 19 Comparison of flight test data with

wind tunnel data, 104-elliptical-tube
nozzle,
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{d) With acoustic shroud, flighr
acoustic angle 109%, wind tuanel
acoustic angle 106°,

19  Concluded.
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