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INLET WITH AUXILIARY INLET DOORS

Richard P. Woodward, Ffrederick W. Glaser, and James G. Lucas
Nat{ional Aeronattics and Space Administration
Lewis Rosoarch Center
Cleveland, Ohio

Abstract

A model gsupersonic inlet with auxiliary inlet
doors and boundary layer bleeds was acoustically
teated in simulated low speed flight up to Mach 0.2
in the NASA Lewis 9x15 Anechoic Wind Tunnel and
statically in the NASA Lewie Anechoic Chamber.

A JT8D refan model wae used as the noise source.
Data were also taken for a CTOL inlet and for an
annular inlet with simulated centerbody support
struts. Inlet operation with open auxiliary doors
increased the blade passage tone by about 10 dB
relative to the closed door configuration although
noise radiation was primarily through the main
inlet rather than the doors. Numerous strong
gpikes in the noise apectra were asgsociated with
the bleed system, and were strongly affected by the
centerbody location. The supersonic inlet appeared
to suppress multiple pure tonme (MPT) generation at
the fan source. Inlet length and the presence of
support struts were shown not to cause this MPT
suppression.

ITntroduction

There is concern about the fan noise radiated
{rom supersonic inlets, particularly during takeoff
and, possibly, approach, which are the two flight
conditions when the community surrounding the air-
port is most adversely affected by excessive noise.
This noise will also be affected by the required
variable geometry of the inlet assembly. These
assemblies may require auxiliary inlet flow area
in the form of doors or annular slots, Little is
known about the effects of these auxiliary doors on
either the generation of fan noise or its propaga-
tion. In addition, these inlets employ a variable
inlet area mechanism, such as a translating center~-
body, to adjust inflow conditions. Centerbody and
cowl bleeds are features that are primarily in-
cluded to help control shock genmerated boundary
layer separation at supersonic cruise conditions,
Thus, the supersonic inlet assembly haus several
geometric features which could complicate forward-
radiated noise.

References 1 and 2 pregent static aero-
acoustic results for a supersonic inlet with auxil-
iary doors, bleeds, and translating centerbody.

The t.st vehicle was a YF-12 aircraft operated
stotically. Results showed that all of the vari-
able geometry components affected noise generation.

The present study is an effort to define the
aevoacoustic properties of a supersonic inlet
operating in two controlled test environments.

The test inlet, designated thke "P~inlet,"3:4 was
tested in simulated low speed flight up to Mach 0.2
in the NASA Lewis anechoic wind tunnel,’s% and
statieally in the NASA Lewis anechoic chamber.’
Acoustic results are presented for far-field micro-
phones as well as for internal pressure sensors
located on the inlet duct walls. Correesponding
aercdynamic results for the anechoic tunnel tests
are presented in Ref. 8. Bageline acoustic data

for a conventional flight-contoured inlet (CTOL
inlet) on the JT8D refan are included for compari-
son. The acoustic effect of long support struts
was investigated using an annvlar inlet with simu-
lated strutes which approximated those found in the
P-inlet. This inlet was also tested with the
struts removed.

Apparatus

Anechoig Tunnel Installation

Figure 1 shows a cross=-sectional view of the
P-inlet as it was tested in the Lewis anechoic wind
tunnel. A JTBD vefan model? was mated to the
inlet as shown in Fig, 1 for this test series.

This fan, which has inlet guide vanes and operates
at high tip speed, was selected as having charac-
terigtics representative of the fan noise expected
from future supersonic transport engines. Design
parameters for the JT8D refan model are given in
Table T, Results presented for the anechoic wind
tunnel installation are for a 0.2 tunnel Mach
number except where otherwise noted. The inlet in
the tunnel hed eharp lips at the highlight and door
openings typical of a flight configuration.

Auxiliary inlet doors are required on a super-
sonic inlet to allow sufficient airflow to reach
the fan during takeoff conditions, where relatively
low forward flight speed and high airflow require-
ments prevail. A primary purpose of this investi-
gation was to assess the acoustic impact of opening
these auxiliary doors with their additional noise
path and circumferential flow distortion. The
P-inlet was run with 40%, 20% and closed c¢uor con=
figurations as shown in Fig. 1. The percent door
opening was calculated as the ratio of the door
throat area to the disk area projected by the
inlet cow! lip. The closed door configuration was
achieved by covering only the door outer surface.
Each of the four doors extended circumferentially
over a 50° arc. Four axially aligned centerbody
support struts (L/H = 4) were located midway be-
tween the dnors in the horizontal and vertical
directions.

The P-inlet assembly cowl and centerbody walls
have porous surfaces in ‘he throat region consist-
ing of many small holes (1.6 mm diam) which, in
flight, remove wall boundiry layers and exhaust the
low velocity air to the atmosphere. This inlet
bleed system is intended to prevent terminal shock
boundary layer separation at design speeds and to
provide some margin of inlet suberitical operating
stability.10,11 "The cowl and centerbody bleed
holes were always open to the internal airflow.

The closed bleed tests were performed by taping the
bleed exit louvers on the outside of the inlet. The
centerbody bleed had a complicated path (see Fig. 1)
connecting the outside bleed louvers to the center-~
body orifices through the hollow support struts and
the fixed centerbody cylinder.” The cylinder con-~
nects to selected cavities behind bleed holes in

the concentric translating centerbody depending on
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centerbody position., At high flight speeda the
lower pressure at the external bleed exits compared
to the internal pressures resulte in pesitive bleed
flow f~om inside to outside. MNowever, revecsse
hleed flow did oceur under atatic conditions and at
the 0.2 Mach pumber simulated flight speed of the
turnel. The actual magnitude of the bleed flow was
rot measured in the current tests.

The JTABD refan model was driven by a multi-
stage air turbine in the tunne! i{natallation. The
*urbine exbhaust exited om the inpide of the trane-
lating cone which acted as the fan stage plug
nozzle. This arrangement tended to shield the
microphones from the turbine noise. The aero-
dynamic survey rakes® (Fig. 1) were found not to
affect the acouatic vesults, and thus were left
installed for all teats,

Figure 2 is a photograph showing the P-inlet
installed in the anechoic wind twnnel. Part of the
far field (1,87 M radiua) microphone array is viaei-
hle in this photograph., The plan view of this
tunnel inatallation is shown in Fig. 3. The auxil-
iary door and cowl lip microphones were mounted on
the inlet asgembly about 2.5 em from the surface.
All microphones were 0,64 cm diamoter, oriented to
point upstream, and equipped with aerodynamic nose
cones with side oponings to minimize airflow-
induced noise, In addition to the microphones,
there were a number of dyvnamic pressure travsducers
located in the flow paseages to allow diagnostic
atudy of the internal noise field. Aconstic cali-
bration of the ancchoic wind tunnel has shown the
tost section to be anechoic at frequencies above
1000 Hz .0

Anechoic Chamber Installation

The P~i{nlet assembly with the JT8D refan model
wae also teated in the lewis anechoie chamher., The
fnlet and auxiliary doors had bellmouth lips to
hottor simulate flight airflow for these static
teats (Fig, 4), 1In addition, an inflow control
device (ICD) was attached to the inlet to help
estabish flight-quality airflow into the inloet,!?
It was not posgible to similarlv treat the airflow
entering the auxiliary doors,

The JT8D refan model was remotely driven by an
electric motor in the anechoic chamber jnatalla-
tion, The fan airflow exited into an coxhaust col-
lector and out of the facility. Figure 5 is a
photograph showing the P-inlet installation in the
anechoic chamber. The ICD has heen removed for
this photograph. Figure 6 shaows a similar view of
the P-inlet with the ICD installed.

Figure 7 shows a plan view of the P-inlet
ingtallation in the anechoic chamber, Far field
(0,64 cm diam) microphones were located in 10°
increments from 0° to 90° from the inlet axis.
There were no microphones located adjacent to the
inlet assembly; however, the same {nternal pressure
tranaducers were used in the chamber installation
as in the tunnel installation. Ounly the forward-
radiated noise (including door-radiated noise) was
measured in the chamber, unlike the tunnel where
there wns a posaibility for aft-radiated noise con-
tamination. Acoustic calibration of the anechoic
chamber has shown it to be anechoic at frequencies
above 200 Hz.

The JTBD refan was also tested in the anechoic
chamber with a CTOL inlet for bascline noise com-
parigons with the P-inlet. As shown in Fig. 8, the
same ICD was {nstalled on the CTOL inlet as was
used for the P-inlet chamber installation. The
far-field microphone array was adjusted to keep the

aame radius centered on the inlet plane for the
shorter CTOL inlet, The CTOL inlet installation
had limited internal prescure tranaducers for
diagnoetic purposes.

Acoustic Data Reduction

The acoustic data were recorded on magnetic
tapes for later 50 He constant bandwidth apectral
analyain. The output of this narrow=-bandwidth
sound pressure level (8PL) analyeis was digitized
and transmitted to a computer for further analy=-
sis. Using a computer data vreduction program,
narrow-handvwidth gound power level (PWL) apectra
were generated for the forward quadrant (0 to
90 degrecs from the fan inlet axis) for the chamber
results,

Results and Discussion

Acrodynamic Results

Botailed aerodynamic results for the P-inlet
test are reported in Ref. 8. The Fan operating map
for the JT8D refan modol is ehown in Fig., 9 (see
Table I for fan stage demign parameters), This
performance was typical of the fan in all installa-
tions., Data were taken for fan operation from 50
to 90 percent of design speed.

Acoustic Results

The acoustic results are presented in two
proups., The [irat group is for lower fan apeeds
where the aspectra are characterized by tones at the
blade passing frequency and its harmonics, while
the gecond group is for higher fan speeds where
shaft order tones dominate the noise spectea.

Flight Effect

Figure 10 shows the effect of aimulated flight
in the anechoic wind tunnel. The SPL spectra are
for the fan operating at 602 design speed, which,
for this inlet configuration (fully extended center-
body, 40% open auxiliary doors, and closed bleeds),
gives an inlet throat Mach number of about 0.38,

The data are for the microphone at 70° from the
inlet axis. These spectra show a reduced "skirting"
of the blade passage tone (BPF) with increasing
tunnel flow, indicating improved airflow at the
sharp inlet lin., The actual level of the BPF tone
shows little change with flight showing that inte- -
nal noise mechanisms, such as inlet guide vane-
rotor interaction, control the tone level. The ab-
sence of higher tone harmonics (2 x BPF and 3 x BPF)
when there is no tunnel flow remains unexplained.
The apoctrum for the fan at windmill (about 15%
design fan speed) with the tunnel at 0.2 Mach num-
ber shows that the tunnel background noise level

has no effect on the test results above 1000 Nz,

Test Facility Effects

Figure 11 ghows a spectral comparison for the
P-inlet in the two test facilities. For reference
a spectrum of the refan noise with the CTOL inlet
is also shown. The SPL spectra arc at 70° from the
inlet axis with the fan operating at 60% design
gpeed. The anechoic chamber data are adjusted to
the 1.83 M radiua of the tunnel microphone. The
P-inlet was operated with 40X open auxiliary doors
and closed bleeds. The P~inlet centerbody spike
was extended 50 in the tunnel, while in the cham-
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ber it was extecded 40%, The P-inlet throat Mach
numbors were about 0,42 in both instollations,
while with the CTOL inlet the throat Mach number
was slightly lower.

The fundamental tone levels (BPF) for the
P-inlet are about the same in both installations,
indicating that theee tones are controlled by
sources other than installation effects. Likewise,
there is good agreement for the P-inlet overtone
levels, The strong tones between the fundamental
and first overtone are resonant tones which seem to
be associated with the inlet bleed systems., These
tones, which appear to be quite sensitive to inlet
configuration and centerbody position, will be dis-
cussed in detail in a later sectinrn of this report.
The P-inlet results for the tunnel inatallation
typically showed a higher level in the 1 to 4 kHz
range than did the corresponding chamber results.
The reason for this difference is unknown, but
seems to relate to the tunuel airflow.

With the CTOL {ulet there was good agreement
in broadband noise with the P~inlet regults, How-
ever, the fundamental tone and the second overtone
(3 x BPF) for the CTOL inlet are considerably higher
than the corresponding P-inlet results., Earlier
investigators (sce Ref. 1) have shown that the
inatallation of a supersonic inlet may reduce the
fan noise levels relative to those for a CTOL inlet.
However, in Ref, 1, the fan was operating in the
supersonic tip speed vange, rather than subson-
ically as for Fig. 11, and the entire spectral
tsise level, rather than just the fundamental tome
nd {te harmonics, was reduced with installation of
‘he supersonic inlet.

~nlet Mach Number Effect

The sound attenmation effects of near-sonic
tiow at an inlet throat have been reported in the
iiterature. This effect in the P-inlet results
fiom the anechoic chamber is shown in Fig. 12, where
the overall sound power level (OAPWL, 1 to 20 kHz)
is plotted ag a function of inlet throat Mach
number. The inlet bleeds are closed. The va-ia-
tion in mass averaged inlet throat Mach number for
a particular auxiliary door configuration was
achieved by axially translating the inlet center-
hody, The attenuation produced by increasing Mach
number is evident at about 0,7 throat Mach number.
There is a considerable noise attenuation toward
Mach vaity for the closed auxiliary doors configu-
ration, showing sonic inlet behavior. The lesser
atteruation for the open door configurations with
increasing Mach number asuggests that some noise may
be radiating through the auxiliary doors.

The results for the CTOL inlet are similar to
the P-inlet results at the subsonic (50% and 60%
design) fan speeds. However, the CTOL inlet re-
sults are about 6 dB higher than those for the
P-inlet at 80% design fan gpeed where MPT noise can
occur. Thus the P-inlet appears to prevent or
attenuate the far field radiation of MPT noise in
a region of relativel: low throat Mach number.
Again, the nature of the MPT noise of the refan
with the P-inlet will be discussed in more detail
in a later section of this report.

Auxiliary Door Effect

For takeoff, and possibly approach, it may be
necessary to open the auxiliary doors to provide
sufficient fan airflow. With open door operation
there is a clear possibility that nonuniform air-
flow will reach the fan. Also, open doors provide

an additional path for acoustic radiation. Finally,
opening the doors reduces the inle: throat Mach
number. All of these effects could lead to an {n-
crease in the radiated noise.

The fundamental tone directivity resulte of
Fig. 13 ghow o tone level increase at all angles
with open auxiliary doors that is typical of thin
inlet., The cowl and centerbody bleeds were closed
for the {uvestigation of the auxiliary door ef~
fect, In Fig. 13 the tone level increcases almost
10 dB at all forward angles with 40% open doors
relative to the resuits with clused doors. The
difference between lovelo for 402 and 202 open
doors becomes less toward the aft angles.

The data for the 90° and 110° aft positions
relative to the auxiliary doors (see Fig. 3) show
littis effect of door opening., This unexpected
result suggests that the door-induced noise is pri-
marily radiated through the inlet mouth rather than
through the door openings or, if through the doors,
io radiated forward.

Narrow bandwidth gpectra are presented in Fig.
14 for the 10° and 70° data of Fig. 13. At 10°
from the inlet axis (Fig. 14(a)) the fundamental
and first overtone are scen to increase with door
size. No clear tones were ohserved for the closed
door configurations. Instead the closed-door spec~
trum shows a "haystack” in the vicinity of the BPF,
but at a somewhat lower frequency. Although the
reason for this behavior is unknown, it may be
associated with the somewhat higher throat Mach
number (0.74) of the closed door configuration,
Figure 12 shows sonic attenuation beginning at
about this throat Mach number.

The 70° results in Fig., 14(b) show a similar
weak tone increase as the doors are opened. At
this angular location the fundamental tome for the
closed door configuration peaks at the same fre-
quency as the fundamental tones for the open door
configurations. The lower broadband level for the
closed door configuration above 10 kHz is un-
explained but may be related to the lower throat
Mach number. Several resonance tone spikes are
seen in the spectrum of Fig. 14(b).

As an aid to separating source and propagatisn
effects, it is useful to look at the internal pres-
sure spectra. Figure 15 shows spectra correspond-
ing to the conditions of Fig. 14 but measured at a
location on the outer flow passage wall between the
auxiliary door opening and the refan stage inlet
guide vane. Again, there is a tone level increase
associated with open door operation. This clearly
ghows that the tome level increase which was
observed in the far field is a source effect asso-
ciated with the auxiliary door inflow. The broad~
band level for the closed door configuration in
Fig. 15 may relate to the higher throat Mack number
and consequent scrubbing noise potential for this
configuration. It is also interesting to note
that, although baystacked, the fundamental tone for
the closed door configuration is centered at the
BPF in Fig. 15 in contrast to the corresponding
spectrum of Fig. l4(a).

Bleed Effect

Throat region boundary layer bleeds are used
to help prevent terminal shock bouadary layer sepa-
ration at design speeds and to increase inlet sub-
critical operating stability. It is desirable to
leave the inlet bleed system open at all times for
simplicity of operation. However, little is known
of the acoustic effects of the bleed system. The
P-inlet had both cowl and centerbody bleed syatems
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(poe Fig. 1) which were ducted to the outer surface
of the inlet. The centerbody bhleed system was
oopecially complicated., Depending on centerbody
position, different tranolating centerbody cavities
wvere opened to the hollow centerbody, The bleed
airflow also travels through passages in the
centerbody support struts to external exhaust porte.
At high flight Mach numbers the lower pressure at
these exit porto compared to the internal pressures
would fnsure positive bleed flow, llowever, at low
forward flight apced (0.2 Mach) and during static
oporation these bleed avetems expericoced reverse
flow, No measurements of the bleed flow magnitude
was made during these tostn., The blecde were
closed by taping over the external duct openings
leaving some intewrnal bleed cavities open to the
internal flow,

Strong resonance tones related to the bleed
system geometry were obgerved in the P-inlet re~
sults, As seen in the spectra of Fig, 16, the num-
ber, frequency and magnitude of these tones were
sonsitive to both centerbody location and the bleed
syatem configuration. Curiously, in the far field
reoults, these gcrong resonance tones were almost
entirely reatricted to the angles from 50° to 90°,
Also, the occurrence of these resonance tones was
greatest at the lower fan speeds and for the mid-
range centerbody positiona. The spectra in Fig., 16
are for the tunnel installation at 507 design fan
speed and 70° from the inlet axis, At the 50%
centerbody extennion (Fig. 16(a)) various resonance
tones appear in response to the opening of differ-
ent bleed ducts. The one exception {s that with
the centerbody bleed open to flow and the cowl
bleed closed there were no observable resonance
tones in the spectrum., It should be noted that
these vesonance tones have no frequency relation-
ship to the rotor interaction tones und their
harmonics. Retracting the centerbody to the 25%
extended position (Fig, 16(b)) results in an en-
tirely different set of resonance tones being
generated. The frequency of these spikes does not
correspond to either cavity resonance frequency or
the struhal frequency for vortex shedding from the
orifices as they are usually calculated; however,
predictions are uncertain due to the complexity of
the P-inlet bleed system passages. Thus the gen~
orating mochanism of the gpikes was not identified.

Data from the external microphone at the cowl
lip tended to have the same spectral content as did
the data for the 70° microphone. Figure 17 shows
the cowl lip spectra corresponding to those of Fig.
16(a). The same rosonance tones as were reen in
Fig. 16(a) are strongly represented i{n these spec-
tra. The absence of fan toues (1, 2, 3 x BPF) s
conapicuous in Figs. 16 and 17,

As was previously mentioned, these resonance
tones were largely vestricted to the 70° microphone
position results. Directivities for three of the
typical resonance toncs are presented in Fig. 18.
While the tone levels clearly peak at 70°, the
correaponding broadband level tends to dip at the
same angular position. Thig irregular broadband
bhebavior is not normally observed in fan noise
directivity results and remains unexplained,

References 14 and 15 present data for another
supersonic inlet which was tested in the Lewis
10x10 supersonic wind tunnel. In this test lower
frequency resonance tones were found to be gen-
erated by bypass door cavities. Installation of
a hlade cascade at the entrance to the cavities
eliminated these tones. Additionally, the reso-
nance tones were reduced when airflow passed through
the cavities. Although a different region of the

inlet internal flow path produced resonance in this
reference, therc is the similarity that cavity
flow, such as conterbody bleed flow in the preasent
study, tended to reduce the resonance tone levels.

Combination Auxiliary Door and Bleed Effects

In an earlier gection it wag shown that open~
ing the auxiliary dooro will increase the fan
fundamental tone level. The results presented in
that section were for both bleeds closed, Figure
19 ghows how the SPL spectra at 70° is affected by
opening both bleeds, As in the earlier acction,
the data are for the tunnel installation at 0.2
Mach number, with the fan oporating at 60% design
speed and 50% centerbody extension. With 20% open
auxiliary doore (Fig. 19(a)) there {a essentially
no BPF tone effect from opening both bleeds. There
is. however, the usual bleed~induced change in
resonance tone structure.

A different situation is seen for the 407 open
auxiliary doora (Fig., 19(b)) in which opening the
bleeds causes about a 7 dB increase in the funda~
mental tone level., There is no change in the first
overtone level., Perhaps the bleed flow cnhances
the flow nonuniformity effecta of the 402 open
doors with n consequent rise in the fundamental BPF
tone level.

The fundamental tone divectfvities for the
operating conditions in Fig., 19 ahow a similar
elffect of the bleed flow at othar inlet angles.
Open bleeds have little effect on the fundamental
tone level (except for a single point at 90°, for-
ward arc) with 20% open doors (Fig. 20(a)). With
40% open doors (Fig. 20(b)) opening the bleeds in-
creases the fundamental tone level by 5 to 7 dB in
the 30° and 70° range, The bleed effect is slightly
reversed at the forward arc 10° and 90° positions.
As in Fig. 13, no clear data trends are seen in the
aft 90° and 110° results.

Data from the internal pressure transducers
can be an effective tonl in isolating the fan inlet
noise mechanisma. Figure 21 shows internal pressure
spectra at a number of locations in the P-{nlet for
the anechoic tunnel installation. Spectra for the
external microphones at the cowl 1ip and auxiliary
door 1ip are also shown. These data are for the
fan operating at 60% design speed, centerbody 502
extended, 40% open auxiliary doors, and both blneds
open. Figure 21 clearly shows the development of
the vesonance tones. These tones ave especially
strong along the centerbody and outer cowl just
upstream of the bleed openings. The resonance tones
become weaker towavrd the fam stage, and are not at
all present just downstream of the fan stage.

These data support the idea that the resonance
tones originate in the bleed system, and especially
in the centaerbody bleed system. This idea is rein-
forced by the obaservation that the resonance tone
structure varies with centerbody position.

The corresponding interral spectra for the
anechoic chamber installation of the P-inlet are
shown in Fig, 22. These data are for the center-
body 40% extended, so a change in the resonance
tone structure is expected. The external lip
microphones were not installed in the chamber.
Again, in Fig. 22, the resonance tomes are strong-
ect in the inlet throat region and especially just
upstream of the centerbody bleed.

Multiple Pure Tone Attenuation

An unexpected observation from earlier super-
sonic iniet tests has been the apparent attenuation
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of fan multiple pure toncg (MPT's) evon though the
inlet *hroat Mach number was too low to oxpoect
acoustiv vhoking efforte.! In the prosont waves-
tigation internol sound medourements show that the
P=inlot gomehow causen a reduction in the actual
MPT generation ot the {an saurce.

Figure 2V shows how the overall sound pover
Tevel (OAPRIY (1 to 20 ke, 0° vo .0°) varies with
tan apeed for the refan with th CTOL inlot and
with the P-inlet in the ancchoie chamber, The
P-inlet was run with 407 apen auxiliary doore and
cloped bleads, The centeorbody wan S0¥ oxtendoed,
Open doors are necessary with P-inlet aoperation
above 0% design fan speed to avoid bard chokiing
at the inlet throat, Abave 707 desipgn fan spoed,
atrony MPT generation controla the OAPWL level tor
the CTOL inlet,  Tho OAPHL for the Peinlet ehovs a
modeat increase at BOT speed, then decreascs rapid-
v at higher fan epeeda. At 907 Jdeosign fan apeed
the P=inlet throat Mach number for thie conf{igura-
tion ta only 0,68, g0, from Fig., 12, acountie
choking effecte are unlikelv,

Figure M compares the TWL epectra at BOY f{an
speed for the two inlet confipurations of Fig, 1
Aa aseen in this figure the MPY content for the
P-inlet is wuch leas than for the CTOL jnlet where
the entire spoctrum conasiate of MPT'a.  Addition-
ally, the fundamental rotor slone tone, which g
clearly evident for the CTOL inlet, in esaentially
misping in the Peinlet reaulta, At BOI fan apeed
the MPT content and fundamental rotor alone tone
level tor toe P-inlet (ncreane gomowhat with addi-
tioual centerbody extonsion.  However, at hipher
fan apecds trannlating the conterbody has little
effoct on the MPT g,

Figure 1% compares the SPL apectra at 70° from
the 1nlet axin for the P-inlet in the two facili-
ties at 807 design fan apead, Tho centeorbody is
507 extended in the tunnel; 407 extended in the
chambor,  The tunnel Mach number ia 0,70, 1n thene
resultns the fundamental rotor atone tone level i
somewhat higher for the tunnel inatallation, (At
5% centerbody extension the fundamental tone lteveln
wore ecnsentially identical in the two facilities,)
A strong resonance tone is acen in the tunnel data,
The far {iold MPT level is similar for the P-inlet
in the twe facilities aince the MI'T atructure in
the chamber seems to fall within the corvesponding
spectral envelope for the tunnel data,

Internal apectra provide an insight into the
MPT peneration mechaninsm.  The internal spectrs {or
the CTOL inlet with the rolan aperating at B0
deaign apecd (Fig, 26) ahow nirong MPT content
throughout the inlet. There ia oven evidence of
woak MPT'a downstream of the fan.

In contrast, only modest MPT levels are scen
in the corregponding internal apoctra for the
P-intet in the tuanel inatallation {Fig, ?7) and
the chambor inatallation (Fig. 28), There i, how-
ever, oxcellent agreemont bhetween the apectra for
the twe P-inlet installations.

At 907 deaign fan specd the blade relative
voelocity is well into the supersonic range and
atrong MPT generation ig expoctod. The internal
prosnure apectra for the refan operating at 90%
derign apeed with the CTOL inlet (Fip, 29 ahow the
expovted atronpg MPT vontent.  The 907 deaigu spoed
internal apectra data for the P-inlet in the tunvel
(Fig. 10 and in the chamber (Fig, 31) show no evi-
donce of MPT content upstream of the {an, Also,
the fundamental BPF tone in not evident unstream of
the fan in the P-inltet internal data. However,
thia BPF tone in c¢learly prerent internally down-
stream of the fan in bothk installations, The BPF

tip micro-
ahown, the
in tho far
and 11,
BPF tone
vadiated

tone ie alen weakly presont in tho cowl
phone apecera of Fig. 0. Although not
BPF tone was aloo progent at all anglen
field spectra corrveoponding to Figs., 30
Thug it {s oomewha’ surprising that the
vauld not be detected internally vet be
inta the far field.

The bigh broadband level at lovor {requencico
noar the cowl lip location in Fig. 30 are due to
sharp lip effocts of the tunnel P-inlet configura-
tion at high inlet airflows. The epectra for
corresponding locations for the chawmber installa-
tion (Fig, M) ghow a flatter broadband,

1t was not possible to operate the P=inlet in
the ¢losod-doors canfiguration above 75% deonign fan
spood without choking the intet, Fipures 32 and 13
asbow the internal pressure spoctra for the CTOL and
P-inlets at ?%% desipn fan speed.  Again, strong
MPT goneration is evidenl in the CTOL {nlet reaults
(Pig, W), An for the higher faa spoads, no MPT
content g evident in these Pinlet internal re-
aulte, At this fan apoed with the (enterbody fully
oxtonded the P-inlet in chokeds Theoe P={clet
intornal apectra are very similar to those in Fig.
10 for 407 open doors and 902 design speed.

Thin analveis of the internal apectra {or the
CTOL and P-inlot clearly shows that the nature of
the P-inlet in to suppreas the actual genoration of
MPT's at (an gpeeds which would otherwvige result in
atreng MPT spoctral content. Relerence 1 roported
a significant MPT and (undamental ur¥ tone reduc-
tion with a YF-12 gupersonic {nlet, and suggested
that the axial contorbody support struts may be
rogponsibie for the neise reduction, Teets wore
conducted with the JT8ED refan in the ancchoie cham-
bor to investigate nossible inlot atrut effocts on
the radiated noine,

For there tesin a long annular duct with a
bhellmouth-like lip was fitted to the ITBD refan
(Fig, 3). The inlet had a cvlindrical conterbody
with a rounded nose.  For equally spaced thin axial
atruts wore located in the annmular duct. Thege
atrute had LN vation from 1 to 8, and a "no=atrut"
vaae wan run by uging thin upstream wiren to aup~
port the centerbody., The inlet lip was fitted with
the aame inflow control device ag was uaed for the
P-inlet teats in the chamber, Figure 5 is a
photograph of the long inlet duct configuration in
the anechoic chamher. The ICD was vowoved for thie
photograph.

Figure 16 ghows the offect of fan apeed on the
vverall sound power level (1 to 20 kHe, 0° to 90°)
for the baseline CTOL inlet and the long annular
inlet. The long inlet results shown are for the
atruts removed and for a strut L/H e 4, which was
the case for the P-inlet support struts, The re-
nulta for the long inlet show esaentially no acoun~
tic offect due to the struts. There are, however,
aome apparent difforences botween the two inlets
due to duct lenpth,

The far field spoctra at 70° from the fan inlet
axia also ahow that the long struts bave negligible
acoustic effect. At BOZ of desipgn fan apoed the
spectra for the struts romoved (Fig., 37(a)) and for
struta with L/0 = a4 (Fig. 17(bY) are similar, with
strong MI'T coatent in both apectra. Thue, the
prosence of the struts {n the P-inlet {s apparently
not the reason for the observed attenuation. Other
offects such an inlet length, radial velocity pro-
file, and throat contraction must be coneidoved iy
thin attenuation mechanism,

Figure 18 abows the offect of all three inlet
configurations at 607 design fan spoed, whore the
fan spectra are characterizod by promirent fan



fundamental and overtones, with no MPT's, The toae
levels at 70° from the fan inlet axis are highest
with the CTOL inlet, With the long strut inlet the
fundamental tone is only slightly reduced, although
the overtones ohow greater reductionn. It io
intereating to note that the tone levels arc
slightly higher with the L/H = &4 gtruts than with
the atruts removed - presumably a strut-rotor
interaction effect., With the P~inlet (tunnel data)
the fundamental tone level {a greatly reduced rela~
tive to the levels for the . *her inleta, and the
overtoncs are not detectable in the gpectrum.

Thus, the observed rotor tone reduction for the
P-inlet is not associated with the inlet struts,
and io only partially related to inlet length. The
total reason for the observed rotor tone and MPT
reduction for the P-inlet remains unexplained.

Sammary of Results

A supersonic inlet, designated the P-inlet,
wag tested at a 0,2 Mach forward flight speed in
the Lewia 9%x15 anechoic tunnel and statically in
the Lewis anechoic chamber using a JT8D refan model
as the fan source. Internal and far field acoustic
data were rtaken. Baseline data using the refan
with a conventional CTOL inlet were also taken in
the anechoic chamber. This test program was con-
ducted to investigate the acoustic impact of open-
ing auxiliary inlet doors which are required on a
supersonic inlet to provide additional fan airflow
at low flight speeds. The acoustic effect of open-
ing intervral boundary laver bleed systems, required
for more astable internal airflow, and the effect of
strutes was also {nvostigated.

Significant results of this investigation are
as follows:

1. At subgonic fan tip speeds P-inlet opera-
tion with open auxiliary doors results i1n a sip-
nificant increase in the fan fundamental tone SPL.
Internal pressure spectra show that this tone
increase occurs at the fan source and is most like-
ly due to changes in fan inflow uniformity caused
by the open doors. There is no clear indication
that the open doors present a significant additional
acoustic radiation pathway. However, corresponding
fundamental tone levels for a CTOL inlet were
greater than those for any P-inlet configuration.

2. The P~inlet appears to greatly suppress fan
multiple pure tone generation at the fan source.
Tests with a long annular inlet with axial struts
showed that the inlet support struts, of them-
selves, are not the sound suppression mechanism.
The reason for this suppression remains unexplained.

3. Numerous strong tones in the spectra were
associated with the bleed system. These tones were
not fan-related, and were strongly affected by the
centerbody location. The far field directivity of
these tones i{s highly directional, with a peak at
about 70° from the inlet axis. Internal SPL spec-
tra suggest that the centerbody bleed system is
primarily responsible for these tones.

4. Operation with open bleeds has no effect
on the fan fundamental tone level for the cloused
and 20% open auxiliary door configurations. How-
ever, the tone was significantly increased with
open bleeds for the 40% open auxiliary door
configuration.
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TABLE I. - JTBD REFAN STAGE DESIGN PARAMETERS

inlet guide vanes + « « 4 ¢ ¢ « o 4 0 o4 e e 0 s . 23
Rotor blades . « v & ¢ v v v v v v v v 0 o v o 3
Bypass 8tator vaNes . « « o+ « o+ ¢ 2 ¢ « 5« o . o 84 .
Core SLALOY VANES « « + 4 o 4 ¢« s s o o + o o « & 56
Rotor tip diameter, em (in.) . . . . . . 50.8 (20)
Rotor tip speed, m/sec (ft/sec’ . . . . . 488 (1600)
Inlet weight flow, kg/sec (lbm/sec) . . . . 35 (77) -
Bypass ratio .« ¢ v v v v 4 v e e e 0 . .. 2,032
Bypass stage total pressure ratio . . . . . . . 1,67
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Fiqgure 2. - P-inlet installed in Lewis 9x15 Anecioic Wind Tunnel,
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Flgure 3, - Plan view of anechoic tunnel test section.
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Figure 6, - P-inlet installed i1, Lewis Anechoic Chamber with
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Figure 7. - Plan view of anechoic chamber.



T

1CE g
OF POOR quaLsry

EXHAUST

INFLOW CONTROL COLLECTOR -
DEVICE

Figure 8, - Cross-sectional view of JT8D refan with CTOL inlet as tested in
the anechoic chamber.,
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Figure 9, - JT8D refan stage operating map.
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O 40% OPEN DOORS, 80% DESIGN SPEED
O] 20% OPEN DOORS, 80% DESIGN SPEED
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Figure 12 - Overall sound power level (09 - 90°, 1 K - 20 KHz)
as afunction of throat mach number (anechoic chamber
results, P-inlet bleeds closed),

& CLOSED DOORS,  THROAT M = 0.74
120 L O 20%OPEN DOORS, THROAT M = .53
O 40% OPEN DOORS, THROAT M = . 41
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90 | l | || |
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Figure 13, - Blade passage tone directivity for tunnel
facility (60% design speed, centerbody 50% extended,
bleeds closed, 1-83 m radius).
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Figure 18. - Resonant tone directivity (50%
design speed, closed doors, centerbody 50%
extended).
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120 — O BLEEDS OPEN

(O BLEEDS CLOSED

110 f—

100 {— B Ei

@ | l | |
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120 —
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q
100 L&} I I I I N
10 30 50 70 9 90 110
ANGLE FROM INLET AXIS, deg AFT ANGLES

(z' *0% open doors.
{b) 40% open doors.
Figure 20. - Blade passage tone directivity showing effect

of bleed and door configurations (60% design speed,
centerbody 50% extended).
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Figure 23. - Overall sound power level (0°-90°,
1K - 20KHz) as a function of fan speed in
anechoic chamber (p - inlet: 40% open doors,
bleeds closed, centerbody nominal 50% ex-
tended),
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Figure 29. -internal pressure spectra for JT8D refan In anechoic chamber (90%
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Figure 35. - Long inlet strut assembly in the Anechoic Chamber,



ORIGINAL PAGE 1S
OF POOR QUALITY

O CTOL INLET
O STRUTS REMOVED}
O SRUTLM=gq § LONGINET
= 150 {—
5
@
g 04—
=
=
S 130 | | | |
50 60 70 80 90

PERCENT DESIGN FAN SPEED

Figure 36, - Overall sound power level (0° - 50°,
1 K - 20 KHz) as a function of fan speed show-
ing effect of inlet configuration,
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