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1.0

SWRARY
Aerodynamie noise data obtained from & trensonic wind tunnel test
of an X-ZO/Titan ITIC model are reported. Measurements made at

28 test ;pointl on the X~20 poyload only were designed to define

‘the aerodynamic noise environments resulting froxn separated flow

and fluctuating shock phencmena associated w:l.t} transonic flight =

in the Mach mmber range 0.60 - 1.08. Angles of attack and yaw were.

varied within + 4°,. Reported data include overall and one-third

octave band sound pressure levels and space-correlation coefticients .
in the frequency renge 40 -'2500.cps. These have been evaluated for
a number of representative test conditions seloctec frame totd of :~

202 test runs. : : - o . ,

No analyses of reported data are :i.ncorpomted in the present '
document which is essentially & tea‘bidata report intended to prov.ldz .
data for subseq,uex;t analyses. Tae latter will be‘conducted by

X-20 Structwres end Materials Technology reletive to speciﬁe studies'.' '.
of interest, e.g., coumparison of measured data v.l.th y.\.a.uc'bed eero-
dynemic noise environments at specific 1oce.tions on the X-2O configura.—
ticn. Brie: descriptions of instrumentetion and 'basic: test procedures

ere prescated.

This test represents the Boeing Company's portion of the X-20/Tite.n' ITIC |

- buffet test program conducted Jointly with the Martin-Marietta Company.

" The test was 'c'onfiucted during the period of 22 April 1963 through

1 May 1963 at the NASA/Ames 14 foot wind tunnel facility.

I U)-4071-1000
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2.0 _INTRODUCTION e e i il

: c:) =4 3 Aerodynamic noise (buffeting) is anticipated to be the prinary
cause of X-20 structural vibration during flight. Early in 1962
The Boeing company oonducted wind tunnel tests to measure the fluctu-

ating aerodynamlc pressures on a model X-20 abort vehicle (data reportedx

ool

in Boeing Document D2-80713) Analyses of test data indicated that i
meaoured sound levels were within the acoustic design enviromnent for
the external surface of the X-20 glider. Data were lacking, however,
: wh:lch established the effect of the Titan III booster confi guration on
the acoustio environment at aft sections of the glider during the trans-
" onte boost phase-of flight, Ln

} Mercury flight data,measured at the bcaster/capsule cdapter
:.f f_ " shoulder indicated the existence of ms fluotuating pressure magnitudes
* = .of the order of 10% to 20% of the free ‘Strean dynamic pressure during:
‘ (:) ~ the transonio portiou of flight (wasa Technical Note D-997). Similar
* _ - nfcresuIts were observed in wind tunnel tests,-employing various pafload

i -shapes, conducted at the'NASA/hmes'Researcu Center (NASA Technic:l
Notes x;503, x-646)“ Extyapolation of these data to the X-20 con-

_ figuration resulted in an increased acoustic design env1ronment for

'fthe x-2o giiderébooster transition section.. |

| In view or the above considerations, the test progrem described

'in the present document vas conducted to aid in. further deiining the

ﬁﬁf‘acoustic environment associated with the X-ZO. ;',:

U497 1000
NO. r15._06hg
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Honeywell Model LAR ThOO tape recorder (large rack-mounted recorder

-~

'. ,O : to the left of the figure). The second tape recorder shown (to the
1 right) in Figwre 6 is a lh-channel Ampex Model CP 100 used 2 e
record the test date for data reduction at Bon.ng-Seattle in com-
pliance with & requirement specifying retention of \all original da.ta.

' | tapes at the Aues Research Center. YR
3.3. - Calibration

3.3.1  Frequency Respense

A block diagrem of instrumentation used for frequency reeponse
calibration of the Ames transducer systems is shown in Figuwre 7.
C‘alibra.tion vas 'ﬁerformed by & closed-coubler, pressure calibration
technique, using a wedge-shaped pressure coupler. |

.ce Anes trensducer and o 1/4 inch diemeter Bruel & Kjeer Model
1136 concenser microphone, employed as & secondery standard, were
nounted with thelr d.iaphragns 1w with the internal cavity of the
closed-coupler calibrator. The stendard microphone wes calibrated
by an electrostatic actuator a.nd found to have a f1at frequency response
from 40 through 2500 cps. The sensitivity of ‘the stendard microphone
was checked prior to each calibration with & Bruel & Kjeer pistonphone

| _' cat & level of 124 db and a frequency of 250 cps.
) ‘ ‘ The a.coust:lc driver wnit was exclted by & sinusoidal sweep signgl;

a constant sound pressure level of 105 db re 0.0002 microba.r, ¢S indinc

cated by the reference microphone, was ‘maintained bx use of comprescor
circuitry over a 40 - 2500 cps frequency ronge. Praces of the output
s:lgnals of the Ames and reference transducers were cbilzined on a Bruel

* & Kjeer graphic level recorder for direct coxpariscen of frequency

! " response of the two transducers to & common scund pressure level
|
input.
340711000 . 2 28 g
- NE. PR 201
ETET IR Es i 2-chdy %
/87 . ‘ PAGE 12 7"
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Five of the 28 Ames transducers used in this test program were '
ini;vidually calibrated by the Ewthod described. The frequency
response charaéterintics of these five transducer systems are shown
in Figure 8 (a-2). These curves.indicateqsoqg-dropping off of |
response at frequencies above 500 cps for tvo £raﬁs&ucers; compensa=
tion for ihis response’ cheracteristic for théﬁtransducer systems

" not individually calibrated vas accomplishea 55 applyiné a frequency
response correction es determined from Figure'9, vhich shows the
average ré3ponse correction curve for the five transducers individually

calibrated.

3.3.2 Phase Shift Determination ' ' .

A block diagrom of the instrumentation to determine the phase
relation between transducer systems used for evaluation of space-
correlation coefficients is showm in Figure 10,

Two Ames transducers were mounted in the closed-coupler calibrator,
vhich imposed an in-phase dynamic pressure with siﬁgle frequency excita-
tion of the acoustlc driver unit. The output signals of the trans-
ducers were amplifiéd and recorded on magnetic tape by the Honeywell
Model IAR TLOO recorder. | ‘

The recorder signals were played back, with the signal from one
transducer directed to one axis of an oscilloscope and the signal from

‘the other transducer directed through a phase shifter to thé other
axis of the oscilloscope.' The phase shifter was adjusted wntil the
Lissalous figure on the oscilloscope indicated no phase chift between
the tw6 signals; the phase angle was then read directly on the phase

shifter dial.

U3-4071-1000 NO. T2-2648
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3.3.4

The phasehangle between the two systems formin% each pair used for
space correlation evaluations is shown in Téble I, Specific transducei'
system = taﬁe,;ecorder channei assignmenéﬁ‘weré maintained throughout
the test progranm, Theée asnigﬁments ere listed in Table II, which

also shows the corresponding Ampex CP 100 recordei channels oﬁAwhich

data for space=correlation measurcments were copied.

Absolute Sound Pressure lLevel Calibration

Transducers were calibrated with reference to an absolute sound
pressure level after mounting of the model in the wind.tunnel.‘ A
battery~-operated, transistorized acoustic calibrator, especially fab-
ricated for this application to provide a compact, portable unit,
imposed a sound pressure level of 150 db re 0.0002 microbar at a
frequency of 1000 cps at'the transducer diaphragnm.

Daily static pressure calibration: using an input gage pressure

- of =1.,0 psi, was performed on all transducers by a member of the Ames

Research Center Staff. For iransducers that were mounted in the model
.~& inaccessible to the dynamiec pressure calibrator, the static pressure
calibration data were applied. This procedure was based on consistent
agreement noted between results of both static and dynamic pressure

calibration of other transducers.

Vibration Response of Transducers

The vibration response characteristics of typical Ames transducers

“were evaluated prior to testing. Results of previous X-20 model tests

(Martin Marietta Co., Inertia Compensated Balance Tests) conducted in the
14-foot transonic wind tunnel indicated that a maximum overall vibration
environment of lg rms could be expected. Based on these findings, all
reporied acéustic data are at least 8 db above the level corfesponding

to the maximum signal due to vibration response.

U3-4071-1000
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3.4 "Procedures
Q 3.4.1  Pre-test procedures

!

' Daily calibration was perfoimed on all transducers on the mounted
model, as described in the preceding section, é.nd the system response
to the absolute sound pressure level ca.libra.tion signal was recoré.ed.
Carrier axmplificrs were: balanced prior to record.ing all calibmtion
1 signals and bvefore each test run.

¢

‘: 34,2  Test Conditions .

Tne test conditions were selected to cover the range of interest
and planned in a. seguence a.llowing ninirum delays for model changes.
prlete print-outs of wodel attitude and tunnel parameter values vere
'obtained during each test run vhich was condmted for & minimum dura-

-~

tion of one minute under stable confitions. Test rums (identiffed by
O ! correlation nurbexs), corresponding tumnel Mach nunbers, and angles of
n attack and yaw defining model attitudes ave listed in Teble III (a).

. 3 R . Nozinal values of tunnel perameters corresporﬁing to gziven Mach

j | nuzber conditions are shown in Teble IIT (b). |

Test signals from the 28 trencducers were monitored, cttenuated

{ : . 4f necessary to prevent overload, and recorded on the Molel LAR 7400

$ . tape recorder for one minute of test run under stable conditions.

3.4.3  Re-rcording of Test Data
As mentioned, all test data were re-recorded on the Ampex Model

\ ‘ | . CP 100 in compliance with the requirement for all originel data tapes

to remain at the Ames Research Center. Additional considerations

. assoclated with the recording ond re-recording procedules include the

o

following:

i U3-4071-1000 .
o NO. T2-2648
EESNS
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/5 I PAGE 15 7"

~——



P -

[ FYTPIIT AT TIPS WNPNS S )

L D WS N

3¢5

3.5.1

i

‘Ampex CP 100 recorder.

L4

:

A characteristic frequency response drop at 2500 cps was noted °
on all channels of the Honeywell Model IAR ThOO tepe recorder; Table
IV lists the appfopriate correction applied to sound pressure lavei
data for the one-third octave band centered op 2500 cps to.compensate
for the frequency response of each data chaanel of the IAR 7400 rciz
corder. No additionalr coréec’Eion for taje recorder frequency response
is i'equired, based cn the obs.emt:lon of a flat frequency response

throughout the 40 - 2500 eps range of interest for ell channels of the

Phase engle shifts, of interest to space-cor:zlation evaluations,
were significantly affected by the ree-recording procedure, To cheek
for phase shift, a common signal was recorded on all chennels of ‘the
Model LAR 7400 tape recorder, pleyed back, e.z;d re-recorded by the
Arpex CP 100 recorder and played vack through a phase detection
circuit. Figure 11 is a block diagram of the mstrméntation used
for checking the phase shift of recorded and re-recorded data through
the two tape recorders on the various pairs of data channels used for
space-correlation evaluations. Teble V lists the phase shift volues
associated with the indicated palrs of LAR 7400 end CP 100 dats channels}

Data icduction

Sound Pressure level Data

| Acoustic instrumentatiQn used, for reducing the taped test data to
obtain sound pressure level values in one-third octave pands of frequen-
cies is shown in Figuwre 12, §pectrug analysls of the ¢ custic data

was accomplished by playing the data tapes through cne-third octave
bgﬁ@ filters and obtaining traces of the true rms output voltage

signals on a grephic level recorder. The traccs were refererced to

V3-4071-1000
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the. voltage trace corresponding to the 150 db calibration signal to

O determine one~third octave band sound pressure level values. Thece

| - yvalues defined a sound pressure level spectrum in the frequency range
L0 « 2500 eps after appropriate ‘corrections vere made for .rrequcncy

. response of the transducer system and tape recorder. Swmation of °
the one~third octave band levels yielded an overall sound pressﬁre
level in the frequency range of interest, |

In some cases, however, ouly the overall sound pressure levels

were determined by pleyback of data tapes ﬁrouéh a broad band filter
passing all frequencies in the LO - 2500 eps range. Since these
values are not corrected for fréquency response, they may reflect
slightly different volues for overall sownd presswre level data
1;elo.tive to the overall cound presswre level value computed by swmii-
tion of componcnt oze-third octove oand souwnd presswre level data.

O The computed valuzc ave distinguished by on esterlsk following the

tobulated overall sound pressure level data. Tae "‘difference in

velues of overall sound sresswe level determined by the two methods

deseribed will be greatest for ¢ . :ctra waich peek at frequencies

where system and tepe recorder response begins to fall off.

3.5.2 Srace Corralation Data

Acoustic instrumentation wed for deterxhining voltage values
required for evaluntion of space-correletion coefficients (R) is
shown in Figure 13, |

Signals from two transducers, "a" and "b", used to form one
palr for space correlation cocfficlent eva}.ua‘tions , were played-

back through a sum and difference amplifier which performed a

U3-4071-1606
m:afl NO. 1o -2akd
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vector addition end subtraction of the two signals. The magnitudes
of the signals of the two systerms were equalized by emplificr gain

contrdls, and the space correlation coefiicient, R, was evaluated

by the expression,

-
1

[By = o

(rms)

vhere E_, voltage output of transducer system "a"

, Vvoltage output of transducer system "b".

o

RESULTS

Sound Pressure level Data

Sound pressure lcvel data in one-third octave bands of frequency,
corrected for attenuatcr settings and system f?equency response
characteristics, are reported in Teble VI end Figwe 1k, Overall
sound pressure level data evaluated by playback of data tapes through
a broad band filter, as described in the preceding section, are shown
in Tablé VII. Note that tabulated values of overall sound pressure
level vhich were computed by sunmation of component one-third octave
band levels are identified by an asterisk.

Wind tunnel background noise levels forlthe Mach number range
0.7 - 1.1 are shown in Figure 15 for com. '.son of measured noise
data relative té background noiée. Data shown in Flgure 15 were
measwred by the Ames Re;earch Centef Staff during previous tests

conducted in the 1lh~foot transonic wind tunnel. "

U3-4071-1000
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‘shoim in Pigure 17a and 1s condidered to be most representative of

Space-Correlation Coefficient Evaluations

Space-correlation coefficients evaluated for selected test
conditions and pairs of data systems are shown in Table VIII, igure

16 shows space-correlation coefficients for various one-third octave

" bands in the 40 = 25C0 cps range c¢onsidered. It should be noted that

considerable phase shifts were intzoduced by the instrumentation;
+his seriously limits the usefulnens of the measured space-correlation
coefficientse Therefore, no spucc-correlation data are reported at

frequencies where the phase shift exceeds 20°,

Transient Pressure Fluctunations

A small portion of the ucoustic data indicated large transient
pressure fluctustions. Typical oscillograph time history traces of
the peak fluctuating pressurc measured ;re shown in Figure 17. The
large transient pressure phenomenon was observed from ceasurerents
made from the. cylindrical transition section but the data are not
reported in the acoustic test resuits. The values of transient
condition are'indicated in Pigures 17b and 17ce Similar transient
data have been reported -in other wind tumnel tests (NASA D-1633).

The major portion of the acoustic dzta measured is of the type

the acoustie 1oading on the glider/transition structure. Hovever,
Boeing;X-ZO Structures will evaluate the significance of the

transient phenomenon (Figure 17b and 17c) in deteil.’

U34071-1060
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