SNAS&-TH—737CE) EFFECIS OF SIMULATED FLIGHT N77-32157
Cd 2N NOISE SUFFEESSICN (NASR) 34 p HC
403/MF 101 CSCL 212

Unclas
G3/07 49094

NASA TECHNICAL NASA TM 73708
MEMORANDUM

NASA TM 73708

EFFECTS OF SIMULATED FLIGHT ON FAN NOISE SUPPRESSION

by Marcus F. Heidmann and Donald A Dietrich

Lewis Research Center
Cleveland, Ohio 44135

TECHNICAL PAPER to be presented at the

Fourth Aeroacoustics Tonference

sponsored by the Arae:ican Institute of Aeronautics and Astronautics
Atlanta, Georgia October 3-5. 1977



E~9247

EFFECTS OF SIMULATED FLIGHT ON FAN NOISE SUPPRESSION

Marcus F. Heidmann® and Uonald A, Dietrich**
Natienal Aeronautics and Space Administracion
Lewis Research Center
Cleveland, Ohio 44135

Abstract

Attenuation properties of 3 treacted fan inlets
were evaluated in the NASA-Lewis Anechoic Wind Tun-
nel using a subsonile tip speed, 50,8 cm-diameter
model Ean. Tunnel flow simulated the inflow clean-
up efiect on source nolse observed in flight and
allowed abservation of the blade passage {requency
tone cut-off phenomenon. Acoustie dora consisted
of 1solated inlet noise measured in the far fleld
at two fixed positions and with traverses at 4 fre-
quencies. Atteavation and source noige properties
with and without £light simulatlon are cempared and
discussed. Averaged attenuation properties showed
relative agreement of the inlets with thelir desipgn
intent, however, tunnel f£low sipnificantly affected
the attenuation spectra. With no runnel Elew the
strong blade passage tone was more highly attenu-
ated than the adjacent broadband noise. With tum-~
nel flow, when cut-off was obscrved, the actenua-
tion at the tone frequency was comparable to that
for broadband noilse. Tunnel flow genera.ly in-
creased by sevural dB the maximum attenuation oc-—
curring at midfrequencles of the attenvacion speoe-
tra. The combined sffect of tunnel flew on ztten-
uation and source noise, however, generally re-
sulted in suppressed fan noise levels throughout
the spectra that were as low or lower than those
obtained statiecally. Tunnel flow caused some sub-
stantial directivity variations that ave imter-
preted as acoustdic mode changes, with tunnel Elow
generally reducing the proportion of modez near vure—
off. Narrowband spectra reveal a multiplicity of
shaft order tones that are interpreted in terms of
rotor imperfections, inflow distortiens and modal
content. A tone-like high frequency noise was
identified as self-noise from the honeycomb/perfor-
ate treaptment used in two of the inlets.

Introduction

Forward flight is known often to reduce or alter
the noise generated by the bypass fan of an air-
craft engine compared to that observed during
grourd-static operation as exemplified in ref. 1.
The changes in fan noise are attributed to the
cleaner in-flow that occurs during £light than en
the ground. Considerable effort has been expended
to evaluate and understand these rdn source noise
changes because of the dmpact flight effects can
have on the development of quieter aireraft engilnes.
Operational aircraft, however, almost Invariably
employ acoustically treated fan inlets and exhaust
ducts, Equally important te source noise changes,
therefore, is the response of acoustic treatment to
the changes in source noise Incurred during £lighe.
Noise suppression can be highly sensitive to
changes in the propagating patterns that exist in a
rreated duct.® The question of treatment effective-
ness during Llight compared to that during ground
static testing, however, has received little atten-
tion. - ' .

“Acrospace Research Engineer, V/STOL and Noilse
Division. )

*%perospace Research Engineer, Wind Tunnel &

Flight Division.
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The purpose of this paper is to report the acous-
tic results of some gimulated-[light rests of a
model fan with treated inlets, The tests were con-
ducted in the NASA-Lewis 9x15 Anecholc Wind Tunnel.
The fan stage was designed for blade passage tone
cut-off due te rotor/stator interactions according
to the Tyler-Sofrin theory.” Previecus acoustic
tests In the tunnel with the model fan3,4 showed
that flight effects on fan source noise were simu-
lated at tunnel flows above about 20 M/sec. The
prominent features of the simulated-flight noise
that distinguish it from static noise were (1) a
subscantially reduced level of the fundamental
blade passage tone, (2) reduced time unsteadiness of
a tone harmonic level and (3) o distinctively lobed
directivity of a propagating ione harmonic. In the
current study three treagted inlets were tested with
and without tunnel flow at three subsonic fan
specds.

With regard te acoustic treatment design, a
honeycomb backing with perforated faceplate was
used for two of the inlets and bulk absorber materi-
al with a perforated faceplate was used for the
other inlet. The inlets had been designed for and
starically tested with a similar model fanb in sup-
port of a quiet engine (CSEE) development program.
Th: designs do not reflect any specifie attempt to
cupitalize on the difLerences in flight and ground-
rtatic fan source noise, The wind tunnel results,
however, are believed to be indicacive of the sup—
pression changes that might be expected during
fligiht for currently used treated inlets.

Test Facilicies and Progedure

The wind tunncl facilities, model fen and instru=-
mentatiun are identical to that deseribed for the
previous tests3s%. Figure ! ghows the model fan in-
stalled in the anechoic test section of the wind
tunnel. Acoustic measurements are limited to fan
inlet nolse by ducting the fan exhaust outside the
test sectlion through the acoustically treared ex-
haust stack. The rotatable boom microphone shown in
the photograph was located 3.6 fan diametzrs from
the center of the inler face and was the primary
source of acoustie data. Traversing measurements
theough the fan inlet quadrant were recorded on-line
for 1/3-octave band signals at 1, 1-1/2, 2 and 2-1/2
times the blade passage [requency for each test con-
dition. Acoustic signals were also tape recorded
for later reductfon at fixed boom microphone posi-
tion of 60 and 90 degrees from the inlet axis.

The reported acoustic data are generally limiced
to frequencies above 1000 Hz because of tunnel flow |
noise and anechoic properties of the tesr section.
The data from the on-line traversing measurements
were generally adjusved te that measured ac fixed
position in the traversing plane. The absolute ac-
curacy at the fixed positions based on direet call-
bration of the microphones was expected te be 1 dB.
Analyses of some supplemental calibration dath,
however, in some instances indicated absolute level
differences of about 2 dB between tests made on
different days, The supplemental data consisted of



the meagured broadband noisg of a small calibrated
air jJet that was introduced berween series of teses
and the very low frequency nolse for each test con-
dition rhat appeared ipsensitive to the Inlet con-
figuration being tested, Data corrections were
made on the basis of the supplemental calibration
results for certain test days. Specifically, the
measured noise levels were veduced by 2 dB Eor the
hardwall inlet tested without tunnel flow and for
inlet A (described later) tested both with and
without tunnel flow.

Some of the design properties of the 50.8 cm
(20 in.)} diameter subsonic tip-speed fan Sstage are
given in Table I. A variable pitch rotor (NASA=
Lewls Rotor~-55) is used in this stage at its design
blade angle setting. Accovding to the Tyler-Sofrin
theory, the vane/blade ratio of 1.67 shown in
Table I produces cut-off of the fundamental blade
passage frequency (BPF) tone from rotor/stator in—
teractions below about 107% of the design speed.
The second harmonic should not be cut-off above
very low fan speeds but should be limited to a few
propagating modes. In the previous tests3,4, fun-
damental tone cut-off at tunnel Flows above about
20 m/sec was observed. ‘Tunnel Elow reduced the
time unsteadiness of the second harmonic cpne and a
distinctively lobed far-field directivity pattern
was observed, No dramatic increase in the funda-
mental tone level was noted, however, at fan speeds
above the cut-off speed.

In the previcus studydr% teses were made with o
hardwall untreated fan inlet for parametric varia-
tions in fan speed, fan loading, dnlet angle of
attack and tunnel yelocity. For this study, tests
were made with the hardwall and three treated
inlets at 95, 106 and 110% of fan design speed at
both O and 43 m/sec tunnel velocities. Zero angle
of attack was wsed. The fan speed chuanges, however,
were made along an operating line that differed
from that used in the previgus study. Higher fan
speeds required for the previous study necessitated
an operating line that avolded choked fan flow con-
digjons as is evident in the fan performance map
shown in figure 2.

Fan Inler Confipurations

Design properties of the acoustiecally treated
inlets and the reference hard wall inlet are shown
in Table ILI. The basic aerodynamic design is iden-
tical for all the inlets and 13 representative of a
conventional £light type inlet having a throat Mach’
number of 0.60. The acouscic treatment used in the
inlets consisted of two types. A honeycomb strue-
ture with perforated faceplate was used for Inlets A
and A(mod) and a bulk absorber {Scottfelt) with
perforated faceplate was used for Inlet B, Inlet
Afmod) is Inlet A with the forward low frequency
segment of the 3 segment configuration taped to make
it inactive. Acrodynamic tests were conducted with
these and other inlets in a separate study.’/ The
results showed inlat flow to be attached and a
pressure recovery above 0.99 at the conditions for
the current tests., Alcthough pressure recovery was
always high, there was some evidence of decreased
pressure recovery with increased open area ratio of
the perforated faceplate with Inlet B exhibiting the
lowest pressure Tecovery.

The treated inlets used in this study were de-
signed and previously tested by the General Electric
Co. in support of the NASA-Lewis QCSEE (Quiet Clean

Short~Haul Experimental Engine) Program.5 In that
study, a 50.3 em (20-in.) diameter fan stage desig-
nated the QCSEE-simulator was used. This fan stage
k:d a higher desfgn tip speed {306.3 m/sec), rotar
blade number (18) and blade/vane ratio (1.83) than
that used in the current study. Fundamental tonc
cut~off for this fan stage would be expected below
about 92% of design speed with clean inflow.

Statlc acoustie tests werc made with this fan in an
anechofc chamber, The treated sections of the
inlet, however, were tested with an aeroacoustic
(modified bellmouth) rather than the flight-rype
inlet used in the current study. Some comparisoms
with these previeus results will be made.

The design of the acoustic treutment was Intend-
ed to minimize the percelved noise levels of a full-
scale version of the QCSEE-Simulator fan stage,

The tuning frequencies listed in Table II reflect
this design objective. The inlet designs, there-
fore, were not intended to meet any specific noise
objective for the model or full-scale version of
the Potor-55 fan stage. They are used in this
study because they represent stpre-of-the-art
treated inlets that are useful to explore the ef-
fects of flipght on nolse suppression.

The tuning frequencies llsted for these inlets
in Table II are actually the design frequencies
uged tp specify the treatment configuration giving
optimum suppression for a specifle duct acoustie
mode. The lowest radial opder of the 10th order
spinning lobe mode wnas used to design the honeycomb/
perforated plate confipurarions.® For other modes
the maximum but not necessarily optimum suppression
will occur at a different frequency from the values
ligted. The maximum suppression for a mixture of
modes characteristle of broadband noise would pen-
erslly be expected to cccur at a different Ere-
quency tnan that shown in Table I1. The uncertain—
ties that exist ar this time in specifying the
acoustic modes that are present at significant
levels severcly vestricts any prediction of suppres-
sor behavior expected from a change in source noise
due to flighe, operating conditions or fan config-
uracion, '

The tuning frequency for the bulk absorber treat-
ment used for Inlet B was assigned broadband proper-
ties in the previous study.® The depth and com-
pactness of the bulk absorber material, however,
does determine the frequency regien where it is most
effective, For the material used in ILnlet B the
suppression is expected to center around 5000 Hz
and encompass the same frequency vange expected
from the three Lpgeated segments used in Ipnlet A. In
other words, Inlets A and B had simllar npise sup-
pression design objectives but differed in treatment
structure.

Inlec A{mod) was tested in an attempt to evalu-
ate the effectiveness of the forward segment of
treatment in Inlet A. The leading edge of this
gegment approaches the inlet throat and is in a
reglon of high f£low diffusion where the behavior of
acoustic treatment i$ quescionable. A comparison
of the results of Inlet A with that of Inlet A{med),
where the forward segment was taped, was expected to
give som~ ingight into the behavior of treatment in
a diffusion zone.

Mgdal Propagation

Modal propagation is the classical method used
to analyze and te characterize fan noise generatlon




and propagation. Many of the results of this study
will be interpreted in terms of acoustic mode pro-

perties extracted from previous analyses. Some of

these acoustic mede properties will be discussed in
this seection.

Tone noise is of primary interest. Toene nolse,
however, is not limited te the blade passage fre-
quency and fus harmonics but alse includes shaft
order tones {tones at the fan shaft rotational fre-
quency and Lts harmonies). Shafe order tones were
evident in the apectra previously reported for the
fan® and will be shown to be even more prominent at
the fan operating conditions used in this study.
Figure 3 is typlcal of the marrowband speetra ob-
tained with the fax during static test condicions.
Nearly all of the shaft order tones can be identi-
fied in the spectra.

The modal propagation that can be associated
with these snafit order forms will be hased on the
analyses of previous investigators®” Tone nolse
is assumed to be generated by the interaction of
rotor wakes with the stator vames and the interac-—
tion of the rotor with inflow distortiona, The

" acoustic modes penerated consist of plane waves and
circumferentially lobed patterns that spin both
with and counter to the rotor. The spinning modes
essentially propagate ip the fan inlet aleng heli-
cal paths. When the helieal angle of the prepaga-
tion path is larpe the mode is considered highly
propagating. The degree of propagation decreases
with a decrease in the helical angle. The mode
does not propagate or is denoted as cut-off wien
the angle is zero. A mixture of propagating modes,
therefore, can range from highly propagating to
near cut-off modes.

Flgure 4 displays acoustic modes by which the
shaft order tenes can prepagate through the inlet.
The circumferential spinning order, m, (number of
lobes) of propagating patterns allowable at each
shaft order (frequency) are shown for the 106% of
degign £an speed. The value of m 1s an integer
and the values for which at least the lowest radial
order of the spinning mode can propagate are dis-
played within the figure. Negative values of m
denote modes rotating counter to that of the rotor.
The highest value of m at each shaft order (the
extremities of the numerical pattern) are near cut-
off and the lowest values of m are highly propa-
gatipg modes. The zero order mode 185 the plane
wave and most highly propagating for each of the
family of modes. When the mode is highly propagat-—
ing the higher radial order modes with the same
eclrcumferential order w= can also propagate and
considerably increase the population of modes be-
yond that shown in Figure 4.

The constructicn of figure & is based con an anal-
ysls where the circumferential order of the acoustic
mode (number of lobes), m, is given by the sum and
difference of any cireumferential order of the
rotor, n, and any circumfevential order, k, of a
fixed flow field pactern in the duet, m = {n & k).
The criteria for propagation depends on the actual
rotational speed of this mode and its cigenvalue,
The evaluation for propagation was made at the fan
inlet throat and ineludes the effect of flow on
propagation. The Tyler-Sofrin theor¥s . for .rotor/
gtator interactions {5 a special cdsce far a parfect
rotor and perfect stator where the value of n and
k are integer multiples of the number of rotor and
stator blades, respectively. fThe perfect rotor and

stator modes with clean (distortionless} inflow are
shown cirveled in figure 4. No mode is circled for
the BPF {15th shaft order) because it is cut-off at
the inlet throat for titds fan speed and only the
harmonics of the BPF tone van propagate. Iater-
mediate shaft order tones cannot arise from a per-
fect rotor.

The effect of inflow disturbances on mode gener-
ation depends on the circumferential orders (simi-
lar to harmonic cemponent) neaded cto deplet a fixed
inflow distortion. Fer this case, auy integer
value of the ciyeumferential order k iIs possible.
The possible acoustic modes obtaimed with a perfect
rotor and a fixed inflow distortion are shown by
the values enclosed by the vertically aligned rec-
tangles. These modes are also possible with an im-
petfect srator row where the vane spacing is not
equal and k cannot be limited to integer multi-
ples of the number of vanes. The inflow distortion
or imperfect stator with a perfect rotor increases
the number of possible modes at the BPF and its
harmonics but does not account for other shaft
order tones.

For cleon Inflow, a family of shaft order tomes
at other than the BPF and its harmonies is only
possible with an imperfect rotor (unequal blades
spacing or blade angles). The diagonally alipned
rectangles shown in figure 4 enclose the probable
modes for the {nteractions of an imperfect rotor
with a perfact stator and clean inflow. All shaft
order tones higher than the BPF are shown to be
possible for chis fan ar 106% of design speed, The
number of possible modes av cach shaft order, how-
ever, is limited to a few spinning orders. Inflow
distoreions or an imperfect gtator are needed to
interact with the Imperfect rotor to increase the
number of possible modes. Under such conditjons all
modes shown in figure 4 are possible.

On the basis of this modal analysis and the evi~
dence of a multiplicity of shaft order tones in the
gpectra of figure 3, it 1s concluded that the tests
in this study were econducted with an impezfect
~otor, The variable bhlade angle design features of
the rotor and the possibility of misadjustments may
have contributed to the Imperfection although evi-
dence of Imperfect rotors is also frequently ob-
served with fixed designs 8:9:1l, It can also he
concluded from figure 4 that the imperfect rotor
interacts with an inflow distortion or an imperfect
scator. The shaft order tones evident below the
BPT tong are only possible under such conditions.
The strong BPF tone is also indicative of inflow
disturbances. All tones, therefore, ¢an be pre-
sumed to be a mixture of medes spinnlng in both
directions and ranging from near eut-cff to the
highly propepating plane wave. The number of modes
in the mixture increases with shaft order,

Although figure 4 characterizes the modes associ-
aved with shaft order toned it is also dndicutlve of
the modal content of any broadband noise. The pro-
pagation of broadbund nolse is not limited to shaft
order tones but can occur at all intermediiate fre-
gquencies. At the shaft order frequencies the prob-
able broadband noisze modes are identical to that for
the shaft order tones. At intermediate frequencica
the broad band modes are intermediate to thar fuo!
the adjacent shaft order tones shown in figure .
Breadband npise, therefore, can alsc consist of a
modal mixture ranging From highly propagating to
near cut-nff modes.



The propagation of modal mixtures was analyzed
by Saule and Ricel2.13 and generalities were ex-
pressed regarding for-field direccivity patterns.

A modal mixture consisting of equal energy in aull
pogsible modes at a given frequency can be assumed
as a raference case. If the energy discvibution is
wore heavily weighted coward the highly propagating
modes the direetivity at low angles from the fan
inlet axis increases at the expense of that near
the plane of the fan. Gonversely, the directivity
near the plane af the fan is increased by weighting
the mixture with modes near euvt-off. Changes in
directivity patterns, therefo-a, can be indicative
of changes in the energy discribution gf modal
mixtures, The directivity pattern of a modal mix-
ture s velatively uniform and does not exhibit the
distinctive lobed pattern’ of a single mode. A
lobed far £ield directivity pattern is only ex-
hibited when the acoustic energy is concentrated In
relatively Few agoustlc modes,

The atcenuvation properties of modal mixturcs by
inlet suppressors were aise examlned by Ricel4 and
generalities expressed reparding far-field propa=-
gation propertles, For a modal mixture at a given

- frequency, the attenuation of the modes near cut-
off 1s usually much larger than that for the highly
propagating modes. The arrenuation observed in thu
far-field as a function of angle from the fan axis,
therefore, can be indicativa of the modal mixture
generated by the source. If the attetuatlon in-
creases with an increase in the angle from the in-
let axis, modes near cut-off may be prevalent in
the medal mixture, If the atrenuation is relative-
1y uniform, the modal mixturc may be deminated by
the highly propagating modes. These generalities
may be obscured by other pessible complexities of
duet attenuatlon and far field directivities but
provide some insight inte the modal mixture present
in the propagating nolse.

These selected gencralities of modal propagation
will be used in the subsequent discussion of both
the source noise and treated imlet results.

Source Noise Characterization

The e¢ffect of flight on the performance of inlet
suppressors 1s intimately invelved with the effect
of flight on fan source noise because acoustic
treatment 1s expected to be primarily sensitive to
changes in the modal patterns that enter a treated
duct, Although these modal patterns can seldom be
specifically ddentified, a characterization of the
spectral and directivity properties of the source
nolse may provide some insight into the variability
of modal propagation that can ke experienced. In
this sectlion, test results obtalned with the hard-
wall untreated Inlet will be presented. They will
be used to not only identify source rioise proper-
ties but also provide the datum wsed to evaluate
atrenuation levels for the treated inlets.

One-Third Octave Band Spécfra

Tle effect of tunnel flow on the 1/3-octave band
apeviYal properties were previously reported. 3
\iwae results, however, were obtained at fan oper-
ating conditions that differ from those used in
this study. Taq differences in operating conditlons
are identifled in che fan performance map shown in
figuve 2, A relatively low fan blade loading was
used for the present study with the 110% of design

- fan gpaed condition lying close to the choked flow

line. As previously reported?, socurce noise
changes are ewperienced with p change in blade
looding.

The effect of tunncl flow on the 1/3-ocrave band
spectra for the three fan Bpeeds used in this study
is shown iIn figure 5. The changes in spectral pro-
perties with tunnel flow are similar to those pre-
vlously observed. The most prominent effect of
tunnel flew is the reduced level or apparent elim-
ination of the fundamental blade passage frequency
(BPF} tone. This change in source noise is attrib-
uted to bath the cut-off design feature of the fan
astage and the cleancr tan inflow with tunpel flow.

Speceral changes at freqrencies other tham at
the 3PF are more evident at 90° than at 60° from
the inlet axis. At the 90° position, high fre-
quency neise is reduced by tunnel flow at all chree
speeds. Ad previnusly stated, a noise reduvction in
the plane of the fan may be indicavive of a change
in modal content. The change noted in figure 5
implies that tunnel flow reduced the proportion of
modes near cut—off in the modal mixture. Addition-
al evidence of such changes in source noise will be
discugsed later.

Directivity Patterns

Thie directivity pateterns from the microphane
traverses for the hardwall inler shrained with and
without tunnel flow are shown in figure 6 for the
106% of design fan speed. The patverns are similar
to those reported and discussed previously.3,4 The
level of the BPF tone and the time unsteadiness aof
both the BPF and the 2XBPF tone are teduced by tun-
nel Elow, The lobular directivity pattern for the
2 BPF tone with tunnel flow is less distinct than
that previously observedd or that obtained at other
fan speeds. It is indicative, however, of rela-
tively fewsr acoustlic modes coutaining most of the
acoustic energy. The noise at 1.5 and 2.5 times
the BPF (presumed to be broadband neise) exhibits
less unsteadiness and less change with tunnel flow.
The unsteadiness of the tones under static test
caonditions is attributed to the interaction of the
rotor with inflow disturbances incermicvencly in-
gested by the inlet. Tone source noise under statie
conditions 1s presumed to consise of a changing
mixture of duct modes with any of the allowable
propagating mondes being probable. Time unsteadi-
ness also Increases the bandwidth of a tone because
of the phase and frequency modulations that accom-
pany time unsteadiness (random amplitude modula-
tions of the tone).

The differences in the directivity patterns (flow
minus no flow) are shown im figure 7 for the J fan
spead conditions. The differences in level cannot
be constidered precise because of the unsteadiness of
the recorded levels and accuracy limitations of the
faellity, The difference pacterns, however, are
similar at all fan speeds. Tunnel f£low reduced the
BPF tone about 10 dB at all inlee angles. The dif-
ference pattern for the 2XBPF tone varies with inlet
angle because of the lobular pattern of this tone
exhibjted with tunnel flow. The average level of
the 2XBPF tone did not change signiffcantly although

~ there is a reduction tyrend with inereasing inlet

angla. This result as previously discussed implies
thar the number of modes near cut-off have been re-
duced, As ipdicaged in Eipure 4, modes near cut-off
should be eliminated by inflow clean-up for an im-
perfect rotor and perfect statwr, The neise at




1.5 BPF also exhiblies a varlartion with inlec angle
that implies a properilunal reducrion in modes near
cut-ofc, The Increased level exhibited at lover
inlet angles, {f relizbly measuved, indicates some
increase in highly propagoting modes. The nolse
at 2.5 BPF did not exhibit this incresse at small
angles, The trend shown for the 2.5 BPF level
infers that tunnel flow enchances the number or
level of modes propapating ar abour 60° from the
inler at the expense of modes near cut-off. These
changes at 1,5 and 2,5 BPF (presumably broadband
nolse) are more pronounced than those observed for
the [an operating line of the pravious study,3-4

Any mcdal properties infered from 1/3 octave
band data must be qualified because of the varied
gpectral structure that ecan oceur within the 1/3-
octave bandwidth. The following results obtained
from narrow band spectral analyses of the data il-
lustraces that the derailed spectral strueture
indeed is complex.

Narrowband Speectra

Narrowband spectra (25 Hz bandwidth) both with

“and without tuanel flow are shown In figuve & for
inlet augles of 60° and 90° and a fan speed of 106%
of design. The property of these spoctra of pri-
mary interest i1s the multiplicity uoi shaft order
tones. The shaft order and the frequeney for these
tones are denoted by the abscissa in figure 8. The
narrowband spectra for static conditions, as pre-
viously stated, are indicative of the imperfect
rotor interacting with an Inflow disturbance or
with an dmperfect stator. The shaft order tones
evident at the very low orders are only possible
under such conditions. The strong BPF tone is also
indicative of inflow disturbances. All tones are
presumed to be a mixture of modes shown in figure 4
with the number of modes in tho mixture increasing
with shaft order.

The spectra pbtained with tunnel Flow show 4
weak BPF tone and a varlety of shaft order tones,
The reduction in the BPF tone caused by tunnel flow
is indicative of inflow clean~up. The weak tone
may be due to eicher some residuzl inflow distor-
tion or stator imperfections. Tite BPF tone, how-
over, borders on eut-off and the weak tone may also
indicate incemplete cut-off or the imprecision of
the cut-off theory for a diffusing inlet. The
variety »f shaft erder tenes shown in the spectra
with tunnel flow confirm that the votor is imper—
foet. Tones at shaft orders lower than that for
the BPF tones, hewever, are not evident as expected
with clean fuflow. On the basis of these spectral
results the vemaining shoft order tones are prob-
ably primarily confined to the acoustic modes as-
sociated with an imperfect rotor, perfect stator
and clean inflow. The circumferential orders for
these modes are idencified in Edipure 4, however,
the number of allowable modes is greater than that
shown because higher radial order modes are also
allowable for the lower circumferential orders.

The complexity of the modal propagation is fur-
ther revealed by the point by point differences in
narrowband spectra shown in figures 9 and 10. The
spectral changes obtained with tunnel flow at 60°
from the inlet are shown in figure 9. The reduc-
tion in level of the cluster of shaft orvder tones
at the BPF iz an expected result. At other fre-.
quenecy regions, however, some shaft order tones are
significantly increased. The result fmplies that

tunnel fiow can significantly alter the source
noise generation process and does not simply re-
move or reduce the nolse caused by inflow disturb-
ances.

The effect of tunnel flow on spectral properties
at only one angular position must be interpreted
with caution, Figure 10 1llustrates the spectral
changes in shaft order tones that can occur with
angular position., The differences between the
spectra at AC” and 90° from the inlet are shown for
bath static and tunnel flow conditlons, The dif-
ference pvotpum for the static test is relatively
uniform cempared to that wich tunnel flow. The
shalt order tones observed with tunnel flow in flg-
ure 10 appear bighly variable wich inlet angle.
Such varfability is expected when relatively few
modes are propapating to give a highly lobular
directing pattern,

Another characteristic of the source noise that
may be significant to the interpretation of the
inls ¢ appressor results is the extreme sensitivity
ot spec’ral i;wertlies ko changes in operating con-
ditions of :uis Fan. Figure 11 shows the narrow-
band and 1:3-octave~band spectia at 60° from the
inlet for two very closely spaced fan operating
conditions with tunnel flew. The upper spectra in
figure 11(a) is for the 106% speed condition pre-
vicusly shown in {iguro 7. The lower spectra 1is
for the maz- fan speed except for a slight increasc
in loading obzzined with a nozzle avea change. The
total premsure increase and the flow rate decrease
for thiz condition are boch less than 1/2 of 1%,
These small changes, however, caused significant
changes in the shaft order tones evident in the
spectra of Figure 11(a). The effect of the small
operating conditisn change 1s particularly fmpor-
tant because the total pressure losses inherent with
treated inlets can affect operacing conditions to
the extent used in the tllustration for figure 11.
The introduction of a treated inler, therefore, may
significantly alter the source noise for this fan
stage and a souvrce noisc deseripeion based on hord-
wall imlet results will not be as precise or accu-
rate a reference condition for evaluating suppressor
performance as desired.

This attempt to characterize the source noise
has shown that a precise deseription, particularly
with regard to the propagatitig acoustic modes, is
not possible with the available data, The inflow
¢lean-up obtained with tunnel flow has revealed that
the source nolse of a fan can exhibic an individual~
igeie type of character that 1s usually obscured
during static testing. The uniqueness of the con-
figuration or the operating condition for the fan
used in this study can only be assessed after a
varlety of fon designs have been tested under simi-
lar conditians.

Treated Inlet Results and Discussion

In this section the results cbtained from tests
with the treated inlets will be presented and the
attenuation properties of the 3 inlets will be com-
pared and discussed. The 1/3-octave band specgra
results will be discussed £irst and the results from
the 1/3~octave band directivity traverses and from
natrowband speectral analyses will follow. Some
comparisons with the results from previous tests
with the inlets® will alsoc be presented, Finally,
the evidence of nolse generatved by the acoustic
treatment will be discussed.



one-Third Octave Band Spectra

The 1/3-octave spectra at inlet angles of 60°
and 90° measured with the 3 inlecs installed on the
fan are presented in figures 12-14. The results
with and without tunnel flow are shown in each fig-
ure for comparative purpases. The most prominent
effect of tunnel £low for all three inlets 1s the
virtual disappearance of the BPF tone. This de-
e¢rease in the BPF tone, of course, is primarily the
result of a source noise change and not indicative
of the suppressor performance that will be examined
in more decail subsequently. Spectral differences
with and without tunnel flow ac other frequencies
eshiblt a more varied behavior.

There are several limltations to the results
presented in figures 12-14. One is the malfunction
of the boom microphone for inlet A{mod) when it was
tested scatically. The results shown for this con-
dition were Iinferred Erom auxiliary mierophones
located in the test section ceiling., (The inferred
level is the hardwail level of the boom microphone
minus the attenuation of lulet A(med) measured with
the ceiling microphones.} The comparisons of

- levels with and withour tunpel flow for Inlet A(mod)
in figure 13, therefore, are questionable. Also, a
tunnel nolse floor may have influenced some of the
very low nolse levels measured with the tunnel
flowing. The noise f£loor with the tunnel flowing
was not approached but the nolse floor wich both the
tunpel flowing and the fan drive system fully loaded
could not be established.

The spectral comparisons presented in figuren 12-
14 show that the suppressed noise levels with tumnel
flow are in most instances as low or lower than
those for the statlc tests. On the basis of this
result, thercfore, the noise performance of this
fan with these suppressors in flight may be ex-
pected to be as good or better than that projected
From conventional ground stacic test results.

The attenuation (difference in hardwall and
rreated inlet levels) obtained with the 3 inlets
with and without tunnel flow are compared in fig-
ures 15-17. A distracting feature of the attenua-
tion spectra is the repion of negative attenuation
at high frequencies. As will be discussed later,
flow induced nolse generated by perforated-platef
honeycomb confipurations appears to be the cause of
the negative attenuations, The treatment self-
noise was judged to be confined to the highest 1/3-
pvctave band shown In the spectra.

The attenuation spectra shown in figures 15-17
exhibit the varied behavier with inlet angle and
fan speed that is typical of suppressor erxperiments.
Any generalized attenuation properties twhat are ob-
gerved, therefore, muse often be qualiffed by the
unique behavior observed at a particular angle or
apeed. Such deviations in consistency similarly
limit any general assessment of the effect of tunmnel
flow on attenuation properties. Rather than using
the specific comparisons shown in figures 15-17 te
assess generalized effects, the comparisen of aver—
age values shown fn figures 18 and 19 will be used.
The values displayed are the arithmetic averages of
the attenuations at each frequency of the 6 spectra
shown in the previous figuras, '

The average attenuation spectra for the three
inlets are compared in figure 18 with and without
tunnel flow and the spectra with and without tunnel

flow are compared for each Inlet in figure 19. The
comparison of the inlets in rfigure 18 shows that
the differences among attenvation spectra generally
agree with the differences in design. Inlet B ex-
hibits somewhat broader band attenuation than

Inlet A and the attenuation of Af{mod) I8 low at low
frequencies because of the taping of the low fre-
quancy treatment section, The less in attenuation
for Inlec A{mod), due to taping, however, appears
to occur at a somewhat lawer frequency than that
expected for its tuning frequeney of 3550 Hz. The
attenuations for Inlets A and A(mod) also do not
exhibir the attenuation peak centering on 11,180 Hz
as expected from the listed tunlng frequency for
the high frequency segment. The general observation
is that the attenuation for all the honeycomb/
perforate segments cccurred at a lower frequency
than that expected from the tuning frequency listed
in Table II. The difference between the acoustic
wmode used £¢  <he design and the actual modal mixz—
ture experienced Is a probahle cause for such a
shift in the frequency for maximum attenuation.

The attenuation peak occurring at 6.3 kHz is ac
about the same level for all these inlets. The
comparable levels at tihe mid frequency range were a
design objective. 1In summary, the expected per-
formance of the inlets relative to each other was
obtained and the inlets c¢an be considered represen-
tative state-of~the-art configuratious.

The effect of tunnel flow on attenuation proper-
ties is best expmined by referring to fipure 19
where each inlet is considered separately., The
effect of tunnel flow on attenuation primarily
occurs in two frequency regions., One is centered
nesx the BPF (about 2 kHz) and the ather at about
6-7 kilz. At the BPF, the strong tone chserved
statically was reduced about 10 dB by tunnel flow
and 2ssentially eliminated. Inlet B responded
strongly to this change in tone level, 'The atte—
uation near the BPF for Inlet B 15 very large with-
cut tunnel flow. With tunnel flow, the attemnuwation
at the BPF is near that for the adjacent broadbund
frequency regions. This apparently enhanced at.en-
uation of a strong tone has also been observed in
other studies,13 1In this study, the strong BPF
tong is cauvsed by inflow disturbances and is not
discrate, Whether the high attenpation is related
te the modal mixtures of such inflow related tones
andfor the response properties of the acoustic
treatment is not known, Inlet A also exhibies some
evidence of high tone attenuation whereas Inlet
A(mod) appears to be insensitive to the disappear-
ance of the BPF tone. The degree to which the BPF
tone attenuation exceeds the breoadband attenuation,
therefore; appears to be directly related to the
response of cha treatment to broadband noise.

In the 6-7 kHz frequency region, Some increase in
attenvation due to tunnel flow is noted for all
three inlets. Although the increase is small, Inlet
A exhibles the largest increase and followed by
Inlet Af{mod) and B, respectively. This increszse in
attenuation ocecurs in the region of the BPF tone
harmonics that were not designed to be cut-eff, As
dizcussed in the Section on source noise, rotor im—
perfeceions precluded the iselated appearance of
tone harmonics with tunnel f£low. The spectra with
tunnel flaw {fig. 8), however, did exhibit families
of discrete shart order tones in the 6-7 kHz reglon
and figure 9 shows that tunpnel flow increased the
level of their tones. The modal properties associ-
ated with rthese shaft order tones could be a reason
for increased attenuation. If it is, the honeycomb/



perforate treatment appears more responsive to the
particular change in modal propercies than the bulk
absorber treatment of Inlet B,

Tn summary, these 1/3-octave band spectral com-
parisons show the attenuations by the inlets were
as good or better with tunnel flow than without
except for the high BPF tone attenuation obtained
withoyt tunmel flow.’

Direcrivicy Patterns

Figure 20 illustrates the on-line directivity
pacterns observed for Inlet B ar the same condi-
tions shown for the hardwall inlet in figure 6.
These patterns are simllar to those obtained with
the other inlets and at other conditlons, Fig~
ure 20, shows the time unsteadiness of the tones
under statle tests to be about the same level ob-
served with the hardwall inlet. Time unsteadiness
appears relatively insensitive to acoustle treat—
ment. Tunnel f£low, however, did reduce the time
unsteadiness of the tones as was the case with the
hardwall inlet.

. The attenuation directivity patterns for Inlets
4 and B obtained from an analysis of the on-line
records are shown for the 3 fan speeds in figures
21-23, Inlet A(med) is not shown because of the
malfunction of the boom microphone. One unusual
feature of these directivity patterns is the oscil~
latory behavior with inlet angle exhibited at
2XBPF with tunnel flow. These variatiens are
caused by changes in the lobular direcrdvivy pat—
tern noted for the 2XBPF tope with tunnel flow.

The acoustic modes responsible for the lobular patr-
terns differed for rhe hardwali and treated inlets
due to either some effect of the treatment on the
inflow or due to an operating point change caused
by the inlet pressure loss. The extreme sensitivicy
of the nolse from this fon to a small change 1in
operating condition was discussed previeusly. In
either event, the varying behavior of the 2XBPF
level cannot be considered an attenuation property
of the acoustic Ereatment. The pattern includes
the cffects of a source nolse change. An evalua-'
tion of the attenuation would require acoustic mode
identification which Is not passible at this time.
The average attenuation over all inlet angles fot
the ZXBPF tone, however, does not appear to change
significantly with tunnel flow for either inlet.

The attepuation patterns for the BPF shows a
relatively smooth variation with inlet angle for
both 4nlet:. Without tunpel flow, the attenuation
increases with an increase fn inlet angle to a val-
ue often exeseding 10 dB. With tunnel flow, the
attenustion is lower and tends to peak in the 60° to
80° angle region. At relatively large inlet angles,
the attenuation is up to 10 dB lower with tunnel
flow than without. These directivity patterns show
that the high attenuacion of the BPF under static
tests, previcusly noted in the 1/3-octave spectra,
maximized near the plane of the £an. This high
attenuation at high inlet angles is expected from
acoustic treatment. With tunnel flow, however, the
BPF atrenuarion at hilgh anglds is low and decreas-
ing, This difference in attenuation at high angles
implies that tunnel flow not only reduced the BPF
tone level but also reduced the propertion of modes
near cut-off in the model mixture. The attenuation
at 1.5XBPF at high inlet angles was also less with
flow than without for the two lower fan sposd con-
ditions. This again implies thur che source nuise

ia less heavily weighted with modes near cut-aff
wirth tunnel flow than during static tests. The ob-
servation thar tunnel flow decreased the relative
numbor of medes near cut-off was also made in the
previous Section on source noise characteristics,

The attepuation directivity ar 2-1/2 BPF gener-
ally exhibits a maximum at 60° te 80° from the
inlet both with and without tunnel flow. The max-
iium §s usually somewhat higher withk tunnel flow,
The result implies chat the acoustic treatment was
most effective for the modes propagating to 60° to
80° although the reason for such selective atten-
uation was not apparent. In the source noise
analysis, tunmel flew appeared to increase the pro-
portion of modes propagating ac 60° to B80° and re-
duce the proportion of modes near cut-off, This
may account For the higher maximum actenuation and,
in most instances, the loss in attenuation at high
angles obtained wich tunnel £low. The reason for
the oscillatory behavior ac high angles for the
2-1/2 BPF attenuation shown in figure 21 is nog
known.

In summary, the effecrs of runnel flow on atten—
uvation with Inlets A and B are primarily rclated to
the flow effects on Ean source noise noted pre-
vigusly. Both inlets appear to predictably respond
to changes In the modal mixtures of the source
noise. The population density of the modes in the
mixture expressed in terms of cut-off or propaga-
tion angle pappears to be the major variable affect-
ing attenuwation properties.

Narrowband Spectra

Typical narrowband spectra for the fan operating
with Inlets A and B obrained stdatically and withk
tupnel €£low are shown in figure 24, The operaking
condition for these spectra 1s the same ae¢ for the
hardwall inlet spectra shown in figure 8. In gen-
eral appearance, the changes in the spectra due to
tunnel flow for the treated inlet are much the same
as that observed with the hardwall inlet. Tunnel
flow decreased the BPF tone and exposed a multipli-
cicy of highly variable shafr ovder tones. As con-
cluded previously, a rotor with undefined imperfec—
tions is responsible for the shaft order tone con-
tent in the spectra.

The attenuvations inferred by these narrowband
specktra are shown in figures 25 and 26 where the
differences between the hardwall and treated inlet
spectra are presented. These attenuations are
mainly insciuctive to show that spectral differences
obtained with' punnel flow exhibit larger varlacions
with frequency than those for the statle cests. A
detalled digcussion of the attenuation of specific
shaft order tones is not considered useful for two
Teasons. One 1s that the attepuations vary signi-
ficantly with inlet angle in some unkmown manner.
The other is related to the praviocusly discussed
sensitivity of the shaft order tome content of the
spectra to a swall change in operating condition.

It is possible that the pressure loss of the treated
inlets caused a small chapnge in operating condition,
The difference in the hardwall and treated inlet
spectya, therefore, contain a combipnation of source
noilse changes and attenuation properties. Such
spectral changes are important to the spectral de-
tail of attenuatfopn obtalned from narrowband analy-
sis but hkave lictle impact on the 1/3-octave band
analysis previously discussed, The attenuatien
spectra shown in tigures 24-26, however, revesl the




spectral structures that can exist within a 1/3-
octave band and suggests that the 1/3-cctave band
notions of breadband and BPF tome nolise used pre-
viously caunot be considered too literally.

Comparison with Previous Resgults

The ceats of the treated inlets with and without
tunncl flow showed a varlacion In attenuation pro-
perties dependent on Source nolse chavacteristies.
A change in fan configuration with Lts differing
source noise would also be expected to affect at-
tenuatlon properties. This is confirmed by a com=
parison of Inlets A and B results using Rotor-55
with those obtained statically using the QCSEE-
stmularor fan.& The QCSEE-simulator is a somewhat
higher tip speed fan with more rotor blades and
without BPF tene cut-off at the design speed.

Typical 1/3~octave band spectra for the hardwall
and treated inlets obrained with the QCSEE-
Simulator fan and the NASA fan in staric tasts ean
be compared in figure 27. The data shown for the
twa fans are for comparable fan rotal pressure
rises, The spectral shapes are similar for the two
~ fans, however, the BPF 1s at a higher frequency for
the QCSEE fan. Spectral differsnces between the
two fans primarily occur at frequencies below the
BPF, In this region the level for the hardwpll
inlet and the attenvation obtained from Inlers A
and B are higher with the QCSEE fan than with the
Roter—55 fan. The narrowband spectra for the hard-
wall QCSEE configuration at the operating condition
for figure 27 1s shown in figure 28, Shaft vrder
tones exist throughout the spectra but at frequen-
cies below the BPF rhese tones are much more pro-
nounced than those observed for the NASA fan in
figure 8. These lower frequency tones may sipgnal
the approach of sonic tip speed conditions where
such tones are usually caused by shock struciures
attached to the blades. At 90% of design fan speed,
however, the relative tip Mach number is only aboput
0.85 and a shock structure would not normally exist.
The prevalence of shaft order tones in figure 28,
therefore, may simply be Indicative of rotor im-
perfections as in the case of the NASA fan. Re-
gardless of the source of these tones, the source
noise for the QCSEE fan at low frequencies consists
of relatively strong shafr order tanes.

The directivities of the attenuation obtained
from Inlets A and B with the QGSEE fan at %0% speed
are shown in Eigure 29. These directivities are
from reported 1/3-octave band spectrz taken at 10°
increments in the inlet quadrant. Directivities
are shown for 1/3-octave frequencies comparable to
those used in the NASA tests except that the be-
havior at two lower frequencies is also displayed.
In general, attenuation increased with inlet angle.
This behavlor, as previously discussed, is indiea-
tive of both a source noise mode mixture welghted
toward cut-off modes and a preference of acoustic
treatment to attenuate modes near cut-off. The
attenuation at 0.5 BPF 1s an exception. At this
Erequency a relatively high attenuation is ex-
hibited at all angles fncluding the fan axis.. The
inlets, therefore, were very effective in reducing
the level of the strong shaft order tones observed
in this fregquency regien. The high attenuation
along the fan axis is not expected from acoustic
treatment and the attenuation levels at 9.5 BPF,
therefore, are suspected to contain some combina-
tion of attenuation and efther a change in source
noise or manner of duct propagatiom.

The source noise characteristics and the falet
attenuation varied with fan spoed in the QCSEE
tests a5 was the case in the NASA tests. In par-
ticular, the QCSEZ tests included the changes in
fan source noise encountered during the tranaitilon
to supersonic tip speed operation. Neglecting
these differences, a comparison of the average at-
tenuatione obtained with the QCSEE faa with those
for the NASA fan is shown in Figure 30. The aver-
age at 60° and 90° at all test conditfons for the
QCSEE fan are compared with similar averages for
the NASA fon previously shown in figure 19. The
differences in the attenuation spectra appear most
pronounced at frequencies less than about 6 kliz for
both Inlecs i and B. The QCSEE results show better
agrecment with the NASA static test results thean
with the NASA tunnel flow tests. In general, how-
ever, the averape attenuation baelow 6 kHz was
greatest Jor the statice QCSEE tests., The low fre-
quency peak for the Inlet B in the NASA static
tests probably should be neglected in this gener-
ality. This penk closely approximates the BPF teone
suppression, wheteas, in the QCSEE rtests any opti-
muz: BPF tone properties are obscurad by averaging
over a large apeed change. Also a prominent BPF
tone wias not present at supersonic tip speeds in
the QCSEE tests.

The conclusion drawn from comparisons with the
(QCSEE resules 1# chat attenuation below about & kHz
is highly sensitive to the socurce noilse present
(with Inlet B appearing more sensitive than
Inlet A). Attenuation at low frequencles appears
te be high because strong shzft order tones are
present and the behavior is similar te the high BPF
tone atrentation experienced in the NASA statie
tests.

Treatment Self-Hoise

The negative attenuation at 20 kHz noted earlier’
for Inlets A and A{mod) in the NASA tests was also
evident in the QCSEE test resules. The negative
attenuations wera observed at nearly all inlet
angles and test conditfons and resulted in the aver-
age negative atrenuation shown in flgere 30, Nedse
generated by the acoustic treatment is a probable
cause for the negarive attenuations. This addicion-
al noise for Inlet A is evident in the spectra shown
in figure 27. A peak that protrudes above the hard-
wall inlet level at 20 kHz is evident for rhe QUSEE
results and a peak is also implied in the NASA re-~
sults.,

Flow through a duct line with honeycomb/perforace
Lreatment can generate a tone-like noige, Recent
investigatorsl +17 of this treatment self-nolse have
concluded that the nodse Is generated when the
airjets formed by the activated acoustic treatment
are exposed to a cross-fiow. A tone-like noise com-
pletely contained within a 1/3-vetave bandwidth is
usually generated. The frequency of this noise cor-
responds to the vortex shedding frequency for flow
past cylinders with diameters equal to the kole size
in the perforated faceplate. The jetting action of
the treatment oeccurs when hoaeycomb/perforate struc-
ture is exposed to the pressure disturbances in the
turbulent boundary layer or to acoustic pressures.
The jerting acrion always exists but is strongest
when the frequency range of the exclting discurb-
ances encompass the tuning frequency of the treat=-
ment, Jetting action d1a not expected or is highly
subdued with the bulk-absorber/perforate treatment.



The predicted frequency for the treatment self-
noise is obtained from the Strouhal number rela-
tionship piven by

ib
§= -
when S5 1s the Strouhal number, £ is the frequen-
cy of the generated noise, D is the hele diameter
in the face platc and v is the crossflow or duct
velocity, The Strouhal number has been found to be
relatively constant although there i3 some depend-
ence on hole diameter and welocity. For the con-
ditlons of the fan tests, the Strouhal number is
about 0.2.

The duct Mach number in the fan tests was a
variable because of changes in fan speed and dif-
fusion in the inlet. Typleally, the Mach aumber
was about 0.6 or a velocity of about 174 m/sec.
The hole diameter for Inlet 4 is 0.158 cm. Using
these values, the predicted frequency is 22 kllz.
A rope-like noise at this frequency would fall in
the 20 kHz 1/3-octave band. The rvesult implies
that treatment self-neise was the source of the

_ addition nolgse and the cause of the apparent nega-
tive attenuations at the 20 kHz 1/3-octave band
frequency for Inlet A as well a2 Inlet A(mod).

The sound power level in the 20 kilz 1/3-octave
band reparted for the QCSEE tests translates inte
an intensity level of about 125 dB in the duet.

The NASA data have a simllar duct intensity level.
Measurements of duct Intensities in experiments
with treatment self-noisel®:17 show the intenaity
to be highly variable., Measured levels for various
configuracions roanges from 110 to 150 dB. A level
of 125 dB, as inferred from the fan tests, 1s in
this range and also tends to identify the additien-
al nolse as treatment self-noise.

Summary of Results

The results of the tests made to evaluate the
effect of inflow clean-up ohtained by wind tunnel
flow on the attenuacion properties of three treated
low-Mach-number inlets using o subsonic tip speed
fan are summarized as follows.

1. The far field noise levels of the fan stage
with the treated iplets measured under conditions
of simulated Flight were¢ generally as low or lower
than those obtained under static test condftions.

2, Tunnel f£low significantly affected the fan
source nolse and thus the attenuatfon by the treat-
ed inlets. Alterations In the attenuation were
mostly confined te the [requency region where
source nolse changes were observed, The effects
observed in 1f3-octave-band analyses of fixed and
traversing microphone measurements are summarized
in results 3 to 7.

3. The source noilse 1s characterized by a strong
blade pascage frequency (BPF) tone in statie test
but not with the tunnel flowing because of the cut-
off design features of the fan stage. In static
tests, the strong tone was more highly attenuated
than the adjacent broadband nolse. The difference
in attenuation varied with the response of the inlet
treatment and in some instances approached 10 dB.
With tunnel flow, when tone cut-off was observed,
the attenuation at the tone frequengy was comnpar-
able to that for broadband nolse. Directivity

results for the BPF imply that tunnel {low reduces
the proportion of modes near cut-off.

4, The design intent of the inlets was gquali-
tatively exhibited in both & atatle and tunnel flow
comparison of averaged attenuation propercies, The
static results, however, exhibit the high attenua~
tion of the BPF tone that varies with the response
propertics of the inlet, The maximum attenuation
at mid-frequencies expected in the attenuation
spectra was observed. The maximum was larger by
several dB in the tunnel flowing tests. The maxi-
mum, however, appeared to oceur at a frequency of
aboul one-half that expected [rom the rveported
tuning frequency of the treatment. The modul con-
tent of the noise that centrols the frequency of
the peak attenuation for the treatment apparently
diffored significantly from the single mode assump-
tion used for the ealeulated values.

5. The attepuation directivity of the 2XBPF
tone with tunnel flow was highly variable compared
to that obtained statically. The variable attenua-
tion was caused by the lobular directivity pattern
that characterized the 2XBPF tone during tunnel
flow, The treated inlets altered the shape of the
lobular directivity pattern and the implied atten-
uvation directivity i1s a combination of both atten-
uation and source nolse changes. The average at~
tenuation over the far field, however, was not
significantly affected by tunnel flow.

6. Attenuation directivity at 1-1/2XBPF, pre-
sumed to be broadband nolse, generally exhibited a
loss in attenuation at high directivity angles due
to tunnel flow. Source noise alzo was reduced by
tunnel flow at high angles. The results imply that
tunnel flow cauges a relative decrease in the pro-
pagatlon energy of the modes near cut-off.

7. Attenuation directivity at 2-1/2XBPF, pre-
sumed to be broadband noise, exhibited a maxfmum in
the region 60° to 80" from the inlet axis. This
maximum attenuation was usually increased by tunnel
flow and the increase appears to relate te an in—
crease in source nolse propagating in the 60 to
80° direction.

8. Narrowband spectral analyses revealed that
fan source noise i1s characterized by a muleiplicity
of shaft order tones tirat is indicative of unequal
rotor blade spacings or angle settings. The 1/3-
octave bands, particularly with tunnel flow, do not,
therefore, simply contain a dominant BPF tonc and/
or broadband npise but can also inelude relatively
prominent shaft order tones. The level and number
of these tones are highly variable with inlet angle
and with changes in fan speed and inlet configura-
tion. These shaft order rone properties preclude
the use of the relatively simple modal characteriza-
tion ef the BPF tones that is besed on perfeet fan
stage geometry. The modal description at all fre-
quencies appears to be highly complex,

9. A comparison of the attenuation results with
those from pravious static tests of the inlets with
a different fan stage shows qualitative agreement.
The differeace in attenuation was comparable in
magnitude to that noted between static and tunnel
Flow tests with the same fan and can be idencified
with souree noise changes.

10: A tone-like treatment self-noise at a fre-
quency of 20 kHz was fdentified in the results



obtained with inlets wsing a honeycomb/perforate
treatment. The self-polse accounted for the im-
piied values of negative attenuation observed at
20 kHz.
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TABLE I. - FAN DESIGN PARAMETERS

Fan diameter . « « » . . . 20 in. ¢{50.8 cm)
Pressure ratio . P )
Rotor tip speed . . . 700 ft/sec {213 m/s)

Hub/tip ratioe . . . . . . . . . . . . 0,46
Rotoxr tip selidity . . . . + + . . . . .« 0.9
Rotor/stator spacing . . . 1 chord (nominal)
Rotor blades . . + + +« ¢ « &« « & + + « » 15
SEator vanes . « . « 4 « o + v o« o« o« 4 o« 25

Vane/blade vatio . + « + + + + « . . . 1l.B7



TABLE 1I. - INLET DESIGNS

SECTION
2 3
e e
] .32 L
- 0,32 L 6 —= d
0.36 s d
L, (0.85 Do) -

THROAT

(0.89 D, )

e
4

tr—-HIGHLIGHT f
\ P FACEPLATE
Aol
BACKING——//
Inlets Section | Tuning frequency Perforated faceplate Backing
calculation,
Hz Porosity, | Hole diam- | Thickness, | Depth, Material
percent eter, cm cm
cm

A 1 3 550 10 0.158 0.0508 1.42 Honeycomb

v 7 100 10 .158 .0508 +325 | Honeycomb

3 11 180 10 .158 .0508 134 | Honeycomb
A(mod) 1 | W eee—— Taped |  ===== | memmee | emmee | e

2 7 100 10 0.158 0.0508 0.325 | Honeycomb

3 11 100 10 + 158 .0508 134 Honeycomb
B 1 Broadband pro- 4 0.114 0.081 12?7 Bulk absorber (Scottfelt)

2 perties 3 . 114 . 081 1.27 Bulk absorber (Scottfelt)

3 28 114 . 081 Lo Bulk absorber (Scottfelt)
Hardwall Solid faceplate, all sections
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Figure 1. - Model fan installed in the anechoic wind tunnel,
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Figure .. - Hardwall inlet far-field spectral properties.
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Figure 6. - Hardwall inlet directivity patterns
at 106 percent fan speed.
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Figure 8 - Hardwall inlet narrowband spectra at 106 per-
cent fan speed.
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Figure 10. - Difference in narrowband spectral levels
measured at inlet angles of 60° and 90°.
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Figure 12 - Inlet A (3 segment honeycomb) far-field spectral
properties,
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Figure 14. - Inlet B (bulk absorber) far-field spectral properties,
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Figure 15. - Inlet A (3 segment honeycomb) attenuation spectra.
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angles.
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averaged over 95, 106, and 110 percent fan speeds
and 60° and 90° inlet angles.
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Figure 21. - Attenuation directivites at 95 percent fan
speed.
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Figure 22 - Attenuation directivities at 106 percent fan

speed.
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Figure 23. - Attenuation directivities at 110 percent fan

speed.
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Figure 24. - Inlet A and Inlet B narrowband spectra at
106 percent speed and 60° inlet angle
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Figure 25. - Inlet A narrowband attenuation spectra
at 106 percent fan speed and 60° inlet angle.

AIRFLOW,

NARROWBAND ATTENUATION, dB

BPF 2 BPF 3 BPF 4 BPF
‘ |
AIRFLOW,

mlsec

\
0

15

10

ML LS
15 30 & 60
SHAFT ORDER

I l l | | J

0 2 4 6 8 10
FREQUENCY, kHz

Figure 26. - Inlet B narrowband attenuation spectra
at 106 percent fan speed and 60° inlet angle.
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Figure 28. - Narrowband spectra of QCSEE simulator
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speed and 60° inlet angle (ref. 6).
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Figure 27. - Hardwall, Inlet A and Inlet B
far-field spectral properties at 60° inlet
angle with two different fan stages under
static test conditions.
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Figure 29. - Inlet A and Inlet B attenuation directivities
obtained with QCSEE simulator fan stage (ref. 6) under
static test conditions.
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Figure 30. - Comparison of mean attenuation levels obtained
with QCSEE simulator and rotor 55 fan stages.
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