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Abstract

A full senle englne wing shielding investiga-
tlon wos copducted st the Lewis Rescavch Genter
using o 97,900-N (22,000 ib) thrust turbofan engine
and o simulated wing scction slzed around a
conventlonal -take-off type four-epgine narrow lLody
alrplane, Sound dota were obtained for the wing
placed at seven positions in a plane paranllel to
the engine oxis, and were compared te data obtoined
without the wing at both take off and opproach
pover. In addition the engine was operated with
and without cxtenslve acoustic treatment including
o sonie Inlet in order to evoluato wing shirlding
effectiveness with o highly suppressed englne, The
wing shielding effectiveness wee nlao calibrated
using an 3.8 cm diam alr nozzle as o sound source.
Results indicated that even though about 10 dB
broad bend shielding was achicved, the equlvalent
flyover neise reduction was less thon 3.0 EPNdB for
mogt configuracions.

Introduction

Some current CTOL aircrvaft have the engines
logated on the fuselage in o plane above the wing.
Future airveroft may have their engines mounted on
and above the wing proper. The wing in either case
con act as a sound reflector ond vedirect the en-
gine sound skyward thus shielding the engine noise
from the ground during tokeoff and approach. Wing
shiclding can thus offer a veductlon in Llyover
noise withour the attendant expense ond performance
less involved in convenlionel ocoustie suppression
methods.

Experimentol work to evaluate the effective-
ness of wing shilelding hias been done, but mostly
with small scale jet nozzlea In powered 1Lt invea-
tigations. The resulta,}! with nozzles of 5 ond 33
em [n dismeter, indicated chat up to 10 Percelved
Noise decibels (PNdB) eof shicelding cffectiveness
may be realized. ilowever, a series of flyover
tests? conducted on two different models of the
game tri-jet alirplane (B727) indicated that a
L0 PNdB wing shiclding benefit way result in prae-
tically no change In effective perceived nolse
tevel (EPNL). 1This vecurs for this particulor air-
plane due to the narrow shilelded angle that the
wing produces in relation to the englne inlets with
the result that the time duration of the flyover
signal is not reduced. Another full scale wing
shitelding investigation was reported? which pre-
gented design charts for nozzle shielding where the
npzzle was within one diameter of the wing's svr-
face, 1t should be noted that in most alrplane in-
stallotions it [s impossible to shleld both the in-
lat and exhaust of the englne with the wing.

A full scale single engine wing shiclding in-
vestigation wes conducted at the Lewis Research
Center using a 97,900-N (22,000 lb) thrust turbolan
engine and o cimuloted wing section slzed around o
conventional-take-off type four-engine narrow body
airptane, Sound data were obtained for the wing
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pleced at seven positions Ln a plone povallel to
the enginc axis. Comparlsons of nolsc measurements
mado on the engine alone with those of cach wing
positlon at both takeoff and approoch power acke
tings are presented barvein, The results, though
static tests, wshould bo credible and Indlcate
directly the offect of wing shiclding on the atlr-
plane flyover nolse, Results from Ref. 3 indlcated
thot as long as no flow surface Lnteraction occurs
that effects of forward velocity on nolse shielding
ave minimal. 1In addition the engine was operated
with and without oxtensive acoustic treatment in-
ciuding o sonic ilnlet as desceribed in Ref. 4 in
order to evaluate this elfect on wing shiclding.

The wing shielding effectiveness was also cal-
ibrated using a 3.5 cm dism oir nozzle as o sound
source. The purpose was to compare the shielding
uslog o single, concentrated, high intensity noise
souree wicth the results from a large distributed
souvrce, such as the turbofan engine used in tisls
investigation,

Engine, Wing, ond Test Focility

Wing

Since the full scale high bypass engine (Quiet
Engine "C") used for the experiment existed, the
wing size had to be scaled to the engine. A four-
engine narvow body tronsport of the DC-B or B707
closs wns selected as a model because o study? con-
ducted by the MeDonnell-Douglas Alreralt Company
ind{cated thot retrofitting the DCE-61 with this
englne was mechanically and acrodynamieally viable,
S0 a wing section from a DC-8 airplane could pro-
vide o reagonable [ull scele model. Wing dimen=-
sions of both the DC-8 and Boeing 707 {(military
KC-135) were token [rom Ref. 6. The two wings were
50 slmilar in slze that one mockup would simulate
both. When the area was divided by the span o mean
aerodynamic chord of 6.4 m (21 ft) was calculated,
An average thickness of 12 percent or 0.76 m (30 in.)
was somewhot arbltrarily chosen. For experimental
glomplicity o constant chord was also chosen., It
was believed that 7.3 m (24 ft) of span would be
adequpte for the experiment.

The wing was mounted on a movable dolly such
that {ts fore ond aft position could be readily
changed, ‘The clesest practical spacing between the
engine and wing centers was 3.2 m (10,5 ft), The
actual arrvangement of the engine and wing as tested
is shown v Pig. 1. The englne is shown with bell-
mouth inlec.

Slmulating the acoustical transmission pro-
pertics of a real ving was {mpossible and a real
wing for the test wos also not avaflable, There-
fore, the only property used for the mockup was the
weight per unit of projected areca. From Ref. 7 a
target of 80 kg/m? was chosen.

A cross scction of the wing showing the type
of construction Ls given in Fig, 2, The wing was




simply conscructed of triongles and rectangles
since no alr was to {low over it., It was biyflt
with stecl plates and plyweed and fastencd Lo a
structural steel fromework. The finfshed average
weight of the wing was 80.5 kg/m? (16.6 1b/ic?),

Enpine and Fncility

The engine used in the investigation wos dos-
ignated Quiet Engine=C, Lt was a high bypass (5:1)
turbofon engine which developed 97,900 N (22,000 1lb)
of thrust nt takeolf power. It used a single stoge
fon with no inlet guilde vanes or damping shrouds.
The fan was considered to be of high tip speed de-
sign, 477 m/eee (1565 {ps), As shown in FPig 1 the
inlet was fitted with o bellmouth and contained no
acoustic treatment. The fan exhsust duct was of
medium length and Lt contained no acoustic treat-
ment, For part of the investigation, the engine
wag wquipped with sonic inlets and masslve aft fan
suppression treotment as deacribed in Refl. 4, A
photogroph of this configuration s shown without
the wing in Fig. 3. The contour of the tokeoff
sonic Inlet {8 shown in Fig. 4 ond both the [rame
treatment configuration and the fully suppressed
configuration are decafiled In Fig. 5. The frame
tregtment configuration consisted of acoustic trent-
ment in the fan frame and core compressor inlet
paossages with an untrected cylindrical Inlet and
untreated straight fan exhaust duet.

The engine was mounted on a static thrust
stond whiech held the engine 4.1 m (13.5 £t) above
the ground. The ongine stand waes located in the
center of a clrcular microphone arena. A plot plan
of the arena Ls shown in Fig. 6. The microphone
clrcle wos 45,7 m (150 ftr) radius with its origin
approximately at the engine center.

All 17 of the microphone signals were trons-
mitted over low impedance linus to individual ampli-
fiers. The amplifier outputs then feod into two 14
channel frequency modulated tape recorders, The
tapes were then reployed off-line Lnto o 1/3-octave
band analyzer which digitized the signals over a
4 sccond average time, The digital sipnals were
recorded on tape ond {nd Into a comprehensive com-
puting program uslng standardized procedures® whilch
praduced the results presented Ln this report,

‘Twe microphone and amplifiers were pre-run and
post-run calibrated with plston phones. The accu-
racy of the measured sound pressure levels was
0.5 dn.

Calibration Nozzle

A single jet nozzle 3.8 cm diam was located on
the center of the microphone cirele in plaoce of the
engine, The nozzle (Fig. 7) was pointed upward Lo
provide a circular neise directivity pattern te the
microphones. The nozzle discharge was loeated at
the microphone horizontal plane.

Aly at 524,000 n/nd (76 psi) gouge pressure at
ambient temperature was discharged through the noz-
zle. Thus the flow was "choked" to yleld a nolse
source containing nearly white nofse with a pure
tone.

A 1l/3-octave band spectrum of the aelsc sound
prussure level is shown in Flg, 8. The overall
sound pressure leval (OASPL) maosured ot the 45.7 m
radius was about 103 dn.

Procedure

Ta obtain the shielding clfcctlivencas over a
wide rango of wing positions tho wing was moved to
seven locations In o plane parallel to the ongine
axis. The locations are deflned by the placemunt
of the 0.4 chord polnt of the wing, The positions
are jllustrated on Fig, 9. There arc throe basic
posltions ond the wing was slmply moved #3.05 m
(10 It) from the bagle forwnrd ond aft positions to
define the soven pousltlens. The basle forward posi-
tion was defined by s line drawn from the center of
the bellmouth inlet through the 0.4 chord point of
the wing to the 602 microphona. The basic side
position wos cstoblished by placing the 0.4 clhord
point on the 90° microphone radius. The basic aft
position was set by aligning the wing leading cdge
with the fon dischargo plane,

Noilse messurcments were made at cach wing
position while the engine was operated at both
takeoff ond approach powers. Engine parmmeters at
boch power setbings are glven {n Table I. These
data were taken frem previous acrodynamic measure-
ments made on the engine f{n this faellity,

Results and Discussion

The wing ahielding effectivoness calibration
with the small jet nozzle will flrst be presented
in terms of 1/3-cctove band sound pressure level
difference (°SPL), and thien in terms of JOASPIL for
verious angles. The wing shielding elfectivoness
ts defined as the difference between the SPL's
(OASPL's or PNL's) measured with ond wichout the
wing.

The bascline englne chavacteristics without
the wing are then discuysed in terms of 1/3-octave
band SPL and perceived noise lovel (PNL) directiv-
ity at both approach and takeof{ power,

The wing shielding effectivencss with the en-
glne Le then presented; first with the engine with
Erame treatment only, then with frame treatment and
aft suppressor and [lnally with the fully sup-
pressed engine (sonic inlet and aft suppressor).
These results are presented in terms of 1/3-octave
band /ASPL and APNL. ASPL shiclding cffectiveness
on tones is also shown for the engine with frame
treatment, Flyover time histories for both take-
off and approsch conditlons are discussed and final-
ly the jet shiclding confipurations are compared to
a jet shielding correlation.

Wing Shielding Effectiveness Colibration
with a Small Jet Nozzle

The L/3-octave band shielding effectiveness is
presented in Fig. 10 for the wing In a basic slde
position and for angles [rom 809 e 110° (measured
from where the engine inlet would normally be if
the engine weve installed) whien are in the wing's
shadow. An average of 8§ dB of shielding was veal-
lzed for frequencles from 315 to 2000 1. At fra-
quencies above 2500 iz the shielding, was greater,




reaching values above 20 dB ot frequencles above
12,500 H=z. Inspestlon of tho narrvow bands shewed
that a tone Jid oxlet at 2500 Jiz which was not
shielded a8 well os the broad band noilse. At [re-
quencies below 315 ll», there fs no evidenco of
ahlelding, In fact therc ore some positive values
possibly causcd by reflections of the low frequancy
waves from Instrumentation boXos and the truck cab,
(sve Fig, 7).

Inspection of Fig. 1l shows the onpular cxtent
of the MOASPL wing shielding for che wing In threo
basic posltions, As might be oxpected the angular
extent of the shieldlng {s much greater for the
wing tn a basic side position than for the wing in
the orher two positlons., The angular region whero
the wing geumettrically shields the nozzle from the
mieroplienes, the "shadow," subtends about twice as
groat an angle {~1009} for the wing Ln the slde
position as fop the wing in the other two positions.

The average wing shielding cLfectlvoncss is
also greater for the wing In the side position
(~12 dB) compaved to the other two positions
{~9.5 dB). The single compact noisc source shield-
ing discosscd in this section is much simpler than
the ghilelding of the engine which Los three mnjor
nolse source locations which span the length of the
englne. The rolse characteristics of the basle en-
gine confipurations are discussed next,

Baseline Engine Confipuration Neige
Charactecistics, Without Wing

Presented in Fig, 12 aore comparisons of front
ond aft baseline spectra at tokeoff power for the
three bosic engine confipurations without the wing.
At 609 from the inlet (Flg, 12(a)) the spectrn for
the Erame treatment ond EFor the sft suppressor at
tokeof £ power asre dominated by the forward radiated
fan mochinery noiase., The sonic inlet eonfiguration
reduces these nolse sources and forward radiasted
jet noise becomes deminant,

At 1209 fraom the inlet (Fig. 12(b}) the aft
suppregsor partlally reduces the oft radiated [an
mochinery noise from the fan nozzle but the fon
machinery nolse coming from the inlet holds up the
nolse floor at the frequcneles above 300 liz. ‘The
sonle inlet conliguration eliminates this nolse
source and the core jet noisc becomes dominant.

At approach power the dominant nolses are somo-
vhaot different from takeoff, At the front angle of
609 (Fig. 13(a)) the blode passing frequency (BPF)
peak is dominant, No multiple pure tones (MPT's)
exist at this lower fan speed because the tip rela-
tive Mach number ks subsonic. The gonle inlet
opeérated at approach pover absorbs some front ond
noise, At the aft angle of 120° (Fig. 13¢(b)) broad-
band [an machinery noise and turbine nolse are the
main noise sources. The sonie Inlet at approach
power did not reduce the oft nolsce below the aft
suppressor confliguration noise.

The BNL directivities on a 305 m sldeline for
the bnseline confipurations (without the wing) are
presented in Fig. l4. At takeoff power (Fig. 1l4{a))
the configurations with frame treatment and aft
suppressor have PNL pcaks of 104 and 105 PNdB at
60°, fThe . ft suppressor reduces the aft peak nolse
(120°) of the frame treatment configuration from
102 to 97 PNdB, Adding the sonic {nlet reduces the
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fronk quadront nolee at 60° to 89.5 B leaving the
aft peak nolee at 1209 which fs avout 96 PNAB, At
approach powsr (Fig. l4(b)) the frame troatment
configuration has a front peak nofst af 99 PHdAD and
4 vear puok of pboul 102 PNAB. The aft suppressor
conliguration cuts the roear penk neise down te
nbout 97 PNdB whilc the front peak noise is about
the same as for the frame treatment. The sonic Ine
let ot approach power voduces the front peak nolae
about 3 PNAB while <he ofk peak nolse remains nbout
the same a8 for tho opt supproasor, as expected,

Wing Shiclding Resulis

Enpine with frame troalment, The wing shiclde
ing effeccivencss on an SPL basis Ls presented in
Fig, 15 for four wing positions; front forwoid,
bogic forward, basle side and basic aft. QOnly the
microphones which are in the "shodow” of the wing
ore prusenked, Since the engine with frame treat-
ment {5 front neise dominated as shown earlicr the
resules for the [orward wing locatlons show good
shielding values. The average deerecase in SPL due
to shiclding (Fig., 15¢n)) is sbout 10 dB for fre~
quencles between 2000 and 16,000 Hz for ongles of
09, 40°, and 509 from the engine inlet.

For tho Lasic forward wing position (Flg., 15(b))
the decrease in §PL due to shiclding at 500 from
the engine inlet ls also sbout 10 dB (which is max-
imum) at frequencies above 1000 Hz. For the wing
in the hasie side posltion (Fig. 15(c)) neither the
front nor the aft noise sources are shielded by thc
wing and therefore, little nolsc reductlon results.
For the wing in the aft posftion (Fig. 15(d)) the
core jet and the fan exhaust are well ghielded by
the wing and the ~§PL for three angles from the
engine fnlet (100°, 110°, and 120°) average about
10 dB for frequencies above 3150 1lz.

At approach power (Fig. 16) the results are
sbout the same as for takeoff{ power, The basic
slde position offers little or no neise reduction
and the [ront forward and oft posltions yleld noise
reductions over L0 dB at frequencies over 2000 liz,

Shiolding effectiveness on a perceived noise
bhosis is presented in Fig., 17, Generally the wing
shielding is move {mpressive ot takeoff power than
at appreoach power [or front shielding, Recall from
Figs. 13 and 14 that the engine at takeosf power is
front nolsce dominated whlle at approach power aft
noise is more dominant, Shiclding of front noise
then should be morve eifective at rakeoff power
slnce relatively lower aft noise would noc encroach
on the front quadrant, This ls evident Lrom
Figas. 17ta) to (c).

The maximum SPNL ot [0 dB oceurs at the 50°
forward angle for the wing in front forward posi-
tion ot takeoff power. fThe angular extent of the
shielding (about 60%) with the wing In the front
forwnrd position is greater than for any other wing
poaition tested, The ghielding with the wing in
the basic slde position (Fig. 17(d)) is negligible
23 would be expected since neither the front or aft
sources are well shiclded. For the alt shielding
positions (Figs. 17(e) to (g)), basic aft is the
most effective, Aboutr 5 PNdB of shielding at take-
off power s shown for angles from 100 through
1209 (Fig. 17(f)). Approach power shielding is
even more effective for the reason mentioned previ-
ously. Approximately 9 PNdB of shielding is accom-



plished at sngles of 1109 and £20° from the engine
inlat. oOutside te wing's shadow the ~PNL's arc
positive for the approach power condition. Reflee-
tions ofF the wing back to the engine and thrusc
stand and thenee to the fur-fleld could cause this
behovior.

The effect of wing shielding on tones ls pre-
gented in Flg. 18. The blode pasalng froquency
(1250 11z, 1/3-0ctave bandwidth} ot approach pover
and the lorgest amplitude multiple pure tone
{500 Kz, 1/3-octave bondwideh) at takeoff power
were geleeted for the wing In the bosle and front
forward positions, At takeoff power the MPT wos
reduced by about 15 dB st the peak forward angle of
500 from the cngine inlet. At approach power, the
peak forward BPF was reduced by about 11 dB ot 509
from the engine Lnlet,

Engine with aft suppressor. These results are
presented for the wing Ln the basic and front for-
ward positions since the engine noisc for the aft
suppressor conflguration Ls front nolse dominated.
Shown Ln Flg. 19 are the wing ahiclding rasults at
509 from the engine Lnlet for takeoff ond approach
power conditlons on on SPL basis, The results, os
expected are elmost exactly the same as for the
frame treatment configuration (Figs, 15(a) und (b)
and 16(n) ond (b}). An average of about L0 dB re-
ductlon s achieved at takeoff power for frequen-
cies above 500 liz and about 11 dB above 1000 Nz for
approach power.

Likewise, the wing shielding results on a PNL
basis for takeof{f und approach power presented (n
Flg. 20 are almost the same as those presented in
Figs., 17(a) and (b) for the frome treatment config-
uration, A maximum forward peak angle PRL equal
to gbout 10 PNdB was achieved at tskeofl power., At
apprasch power, the PNL at the forward angle of 50°
Ls about 8 PNAB. The extent of the wing shiclding
“shadow" 15 about 609 for both wing positions at
both power settings.

Engine with sonic inlet and «ft suppressor.
Since this conflguratlion was aft noise dominoted
(Fig. 14(n)) at takeolf power by cere jet noise,
wing shiclding results are presented [or the wing
in the threc aft positions. On an SPL basls
(Fig. 21), the wing shielding cffectiveness was
greatest at an angle of 80° for the wing in the
front oft posltlon and 110° for the wing In the
basic and back aft positions. Shielding varied
from a nominal 2 dB at 200 Hz to as much os 17 dB
at 10,000 Hz for the wing f{n a basic and front aft
position  These losses tronsloted fnto about 5 dB
ot o PNL basts (Fig. 22) for the basiec and front
aft wing posltions and into only about 3.5 dB Eer
the wing in the back aft position, Table TI summa-
rizos the moximum wing shielding in terms of PNJB
for engine conflgurations and wing positions re-
ported herein, The takeoff sonic inlet oand aft
suppressor configuration was not run at approach
power with wing shfclding and therefore, doece not
appear in the table.

Effect of Wing Shielding on Flyover Noisec

These data were calculated Erom the far fleld
measured nolise data assuming a four engine B707/DCS
type of tokeoff and approach. The flyover parame-
ters used in the calculations are summarized in
Table III.

The tone correcied perceived noise level (PRLT)
results are plotted as o function of time in rela-
tion to an observer standing at efther the takeoff
or approach FAR 36 specified points., Shown in
Flg, 23 i8 a comparison of the takeolf time histo-
riea for the bascline (no wing) ond the basic and
front forward wing posfitions for the frame troated
engine, The effeet of the wing shielding wak Lo
lower the affeetive pepcelved noise level (EPNL)
from 104.2 to [02.7 FPNdB for the basic Forward and
to 101.9 EPNdR for the front forward posltions ak
takooff. AL approach (Flg. 24), for the front for-
ward wing position, the EPNL was roducod from
101.3 EPNAB for the baseline engloe wlthout wipng Eo
99,8 EPNdB, With the wing in the basic forward
position, the caleculated EPNL nctually iucreascd
from 101,3 to 101.5 EPNdB, The wing shielding was
effective until the 0 sccond timc whore the peak
PNLT actunlly fncrcased and regulted in & slight
inereage in the calculated EPNL.

Presented in Fipg. 25 are time hlstoriecs for
the englne equipped with aft suppressors at tokcoff.
Without the wing the EPNL was 102.5 EPNdB., With
the wing in either the basic or front forward posi-
tion the EPNL was lowered by about 4 EPNE.

shown in Fig. 26 ore time historles for the
englue with aft suppressor and sonic inlet. The
basellne EPNL without wing shielding is 94.5 EPNdB.
With the wing in the aft positions shiclding the
jet nolse of this very low nolse configuration, the
reductions Ln EPNL were substontial, about 2.5 EPNdB.
For the front aft location of the wing, the reduc-
tion in EPNL was about 2 EPNdB.

A tabular presentation of all the caleulated
time historics is presented in Table 1V. For the
engine with [rame treatment and the wing located in
its most favorable location for approach conditiens,
the maximum reduction in EPNL from the baseline wos
1.5 EPNdB. For takeoff condltions, the maximum re-
duction ronged from 2.3 EPNJB for the frome treat-
ment conflguration to 4.3 EPNAB for the aft sup-
pressor configuration, The total EPNL reduction
for the combined effect of ghielding and englne
suppresslon at takeofl power can be obtained by
subtracting the EPNL for the quictost eonfiguration
(Senic inlet and aft suppresser for the wing in the
basle aft position (91.8 EPNdH) from the baseline
frame treatment configuration with no wing shield-
ing (104.2 EPNAB) which cquals 12.4 EPNJB.

Jet Shieldipe Gorrelation

For the sonic Lnlet configuration at takeoff
the doninant voglne nolse remaining was attributed
to the core jet, With the wing shielding this
souree, the data were compared to the jet noise
correlotion developed fn Ref., 9. The correlation
parameter Z Ltakes into account directivity, size
of source (nozzle diameter), length of shield, snd
frequency.

Presented in Fig, 27 are data Erom directivity
ongles shielded by the wing in the basic aft posi-
tion compared to the corrclation represented by the
solid Eine. As can be seen, the data agree with
the correlation within %3 dB. The agreement is
better at Low values of 2, which correspond to
low frequency, than at high values of Z.
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Sunmary of Rosults

small olr nozzle as & sound source showed that
about 10 dB of broad band wing shielding cifeative-
ness could be schifeved in thae shadow reglon, On an
OASPL basfe the moximum suppresslios amounted to
about 14 4B at 90° from the engine inlet with the
wing In a side position.

2. shlelding of the englne with frame creat-
ment at approoch power (BI'F dominated) yleldwd a
moximum hroad bond suppressicn of about 10 dB with
the wing In o basic or front forward position. The
BPF tone (1200 1iz) was suppresscd about 1l dB, The
maximum supprosalon of 9 PRAD occurred at an angle
of 40° on a 114 m (375 £t} sideline.

3, Shielding of the engine with frame treot-
mant at tokeoff power (multiple pure tone ond jet
noise dominated) olso yielded about 10 dB broad
bond suppression with the wing in the basie ov
front forword position. The peak MPT nolsc was
suppressed 16 dB at 509, The maximum shiclding on
a perceived noise bagis amounted re 10 PNJE at an
angle of 50° on a 305 m (1000 ft) sideline. Tha
englne aft noise sources were not ghielded in this
posltion, Putebing the wing in the aft position
provided 5.0 PNdB suppression,

4, Forward shlelding of the engine cquipped
with an aft suppressor yieclded roductions in front
nolse approximately cqual tb the results with the
frome treated engine at both ppproach and tokeoff
power. At approach the APNL at a 502 angle from
the Inlet was about 8 PNdB. Ak takeoff power,
about 10 PRdB shlelding was achicve!,

5, Aft shielding of the engine equipped with
sonle inlet and aft suppressor {jet noise dominated)
at takeoff power produced obout 5 PNdB of suppres-
gion. The dota generally agrecd with the jet noise
shielding corvelotion of Ref. 9.

6. Flyover nolse results showed a muximum
1.5 EPNdB reduction was ochieved by shielding the
frame treated engine at approach. For tokeoff, the
maximum reduction wos 2.7 to 4.3 EPFHdE, depending
on the engine configuration.

Coneluding Remarks

The Iimplications for CTOL wing shiclding are
that, since the wing cherd is not sufficlently
large in most cases to shleld both ends of a turbo-
fan engine, it would be a good compromlse to acous-
tically treat onc end of the engine and to shicid
the other end. The effect of this has been shown
with the guietest configuration tested at takeoff
power, The totul reduction in flyover noise at
takeoff power with the sonic Inlet and aft suppres-
sor configuration and the wing in the Lasie aflt
location was 12.4 EPNdB. Of this total noise re-
duztion wing shlielding of the aft radiated jet
noise contributed 2,7 EPNdR,
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TABLE I. - QUIET ENGINE "CY OPERATING PARAMETERS
AND ENGINE DIMENSIONS

[Fan diam, m, 1,737; core discharge diam,
m, 0,747; fan discharge o.d., m, 1.838;
number of f[an rotor blades, 26; number
of fan exhaust gulde vanes, 60.)

Engine parameter Takeoff | Approach
Corrected Lan speed, vpm 4620 3080
Corrected core speed,? rpm 8290 7655
Corrected total alrflow, kp/sec 358 220
Bypass ratio 4.63 5.24
Corrected core jet velocity, m/sec| 362.7 192.0
Corrected fan fet veloclity, m/sec 268.2 167.6
Fan bypass pressure ratlio 1.48 1.18
Corrected net thrust, N 7,900 | 37,380
Engine pressure ratic 3.96 2,04

8corrected to Ean core discharge
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TABLE I1, = MAXIMUM WING SHIELDING EFFECTIVENESS IR TERMS OF PNdB

Wing position | Pur. Engine configuration .
NakL, |jeem— e st e
Frame btreatment | Aft supprossor] Sonlc imlet and
aft supprossor
59 spnap | 6° ('PNJB a% 1 -pidp

Front forvard | T.0. 50 =10 00 | 10 '
Dasie fotward 50 end 60 -%,3 60 | -10.5 !
Back farwaxvd 70 Y
Pasic side 100 =1
Front afg 100 -4 40 -5
Rasic aft \ 100 =5 1to =5
Back aft 110 =1.5 1o -2.5
Front forward | App. 40 -9 50 8.5
Basle forward 40 and 50 -8 50 -8
Back ferward 70 3.5
Basle slde 80 and 90 -3
Pront aft 90 and 100 | =5
Baste afc Y 110 and 120 -9
Back aft 140 =3.5 |

TABLE 1II. - FLYOVER CONDITIONS FOR B707/DC-8 TYPE AIRFLANE

WITH 4-107 NEWTON® ENGINES

Alpicude, | Aleplane | Thrust Average | Alrplane
m veloclty, | angle Jet BTOBE
m/sec veloelty, | welght,
m/sec kg
Tokeoffl 451 7 6% up a0 17,500
Londing 104 71 39 down 183 162,000

nominal seca level statie thrust

TAHLE 1V. - COMPARISON COF EPNL FOR VARIOUS

AND WING CONFIGURATLIORS

[Four-ongine DC-8 type afrplane. .

ENGINE

Enginc with frame treatment

Wind positions

Mo | Side | Basic |Front® | Back | Basic | Front | Back
wing Fud fud fwd afr aft aft
T.0.| 104,21 103.8| 102.7 | 101.9 104,71 103,41 103,11 [104.5
App.[ 105,31 102,21 101.5| 99.8 101.6 { 160,7 | 102,0 {101.0
Aft suppressot
Wing positions
Ne Front® Basic
wing Lwd fud
T.0.| 102.5 98.2 98.4

Sonie inlet and aft suppressor

Wing pos

ltions

Ne | Front | B
wing | aft

asic?
aft

Hacle
oft

T.O. 94,5 02.7

91.8

92.1

ing positions having greatest wing shielding ceffectiveness.
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Figure 1, - Quiet engine and wing as tested with bellmouth and engine
frame treatment,
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Figure 3, - Quiet engine as tested with sonic inlet and aft suppressor,
Wing not shown,
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TREATMENT DETAILS
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(b) CROSS SECTION OF FULLY SUPPRESSED CONFIGURATION WITH FRAME REATMENT,
SONIC INLET AND AFT SUPPRESSOR,

Figure 5. - Quiet engine "'C",
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Figure 6, - Engine Noise Test Facility plot plan showing thrust stand, microphone array, control and noise instrumentation rooms,
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Figure 7, = Jet nozzle location relative to wing for wing calibration tests,
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Figure 8. - /3 octave band spectrum produced by small jet. Angle from engine inlet if en-
gine were installed, %P, (Refer 1o fig, 6.) No wing in place.
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Figure 9. - Wing positions relative to the engine.
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Figure 10. - Wing shielding effectiveness with a small jet nozzle as a sound

source, Wing position, basic side,
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Figure 11. - Wing shielding effectiveness on an OASPL basis with a small jet nozzie as a
sound source. i
REFER TO FIG. 6.
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Figure 13, - Comparison of baseline spectra without wing.
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Figure 14 - Comparison of PNL directivities for base line configurations
without wing,
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Figure 15, - Wing shieiding effectiveness with engine frame treatment con-
figuration at takeoff power,
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Figure 18, - Wing shielding effect.veness on tones, Engine with frame treatment.
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Figure 19, - Wing shielding effectiveness on a sound pressure level basis. Engine squipped
with aft suppressor,
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Figure 20. - Wing shielding effectiveness on a perceived nolse level basis, Engine equipped
with aft suppressor,
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Figure 21. - /3 octave band transmission loss spectra through wing with the engine equipped
with sonic Inlet at takeof power.
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Figure 23, - TakeoM time histories (flyover noise) of four engine
’ (DCWB 707 type) airplane. Engines with frame treatment.
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Figure 24. - Landing time histories (flyover noise) of four engine (DCRBI0T
type) airplane. Engines with frame treatment.
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Figure 25. - Takeoff time histories iflyover noise) of four engine (DCR/BT07 type)
airplane. Engine equipped with aft suppressors
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Figure 26. - Takeoff time histories iflyover noise) of four engine (DC&/B707 typel
airplane. Engines equipped with sonic inlets and afl suppressors.
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