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1.0 IMTRODUCTIOII 

Ohls report is th« result of vork fteeomplished en SHU 5-^70, 

Aerodynanlcally excited fluetiMtiag pressure are expected to "be 
the main force et structural vibration during flight»   The slg- 
ftlflcance of this aerodynanl« phencmer.a is not estaldlshed twcauia 
little experlir-ontal data Is available on both the Jwssure 
nagnltude «aid tpace-ttee correlation of the fluötttatlag . assure 
field.   Therefore, a test prograa vtM utidN*t8ke& ¥lth    ic prlaary 
objective of oUalnlns expcrtoentpl "bac::»^? dat« for estimates 
of the 3C»20 flight ecoustle eavlrofattojit« 

The test jrosrea was conducted at the Eoeteg teisonl« {ßqpiX 
18-19, 1962) «id Supersonic (March 22-23, 1552) VlAd tunnels 
utilizing a mt66 Scale X-20 2050D cllder. 

The result» of the test prosrea are reported In Seetlcn 4.5 (tsnntsaie 
vlnd tunnel) end Section 5.5 Ccupareoni« vlnd tunnel),   All aeoustl« 
data contained Jn this report ere direct tod*l data,   üaajysls of 
the data for application to the fall scale «-£3 cllder vJU be 
conducted ty 2-20 Strticturcs e^d l-Lterlals ?&e!:nole^/. 

Vibration sensitivity of. the tmsdueers fb.'reurcd sudi cf the aeeostte 
data belev ikj db,   Sowever, extenslvs data vere obtained on 
spectra and space correlation at locations «here the aerodynamle 
noise levels ranged ftrcn 145 db {* ,0j2 tsl RMS) te 155 db 
(+ 0.52 psi HMS). 
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MODEL DESCRimON 

T.^.nc! tunnel Kode! AD-365?-!, a »066 wale model or the X-50 So^CD 
Glider, was strutwetiBg Mounted with nineteen Stathara pressure 
transdreers inetftHed to measure the nasnitude av~.d space corrclaticn 
of fLustuating pressures en the model glider«   r!"rcc accelcror.ovcrc 
i-rcre located inside the ^Lider canorar to measure model vibratii 
during the test program« 

i^    ^ r* '■■■ Tiro general r.edel cenfig rations :-rere used throughout tl 

1.   C-Ude? «ith transition (See Figure ?«0-l)« 

3»   CU<l6r idtbout tranfitiea (Sea figure *«C«2), 

ngwca t»0»3 end 2»0^ show the glidej» osnopyi vlng, fin r: •■ :■" ■ 
t\ an eariLy stane Of ConstruetL««' Featured in there figurer: -.r: 
•ihe pro^e» wed In th« aeoustie PÄisurenenl« affatera« 

Cetall leoa-üer^ of all -VJ-m pressure transducers used di-ri: • 
the irfLnd tunnel prograa are s^wn äa ri-'jiro 2«0-5» 
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3.0 INS'mir-SNTATIOM 

3.1 ACOUSTIC INSm-IENTATICir 

The Statham PA208-TC absolute presste transducer vas used to neasura 
fluctuating pressures en the model i?;lidcr dtD^ing t::e wind tunnel 
test program. These gauges arc rated to operate over a pressure 
range of 0 to 1J> psi. The transducer output is quite lot: and re- 
quires two voltage anplif .ers to drive the Annex H 1100 tape re- 
corder, l^pical full scale output voltages (open circuit) rr.-r;cd 
fron 27-69 millivolts. 

The transducer measure-ient systens irere capable of measuring pres- 
sures fron DC to 5000 ops and obtaining space coxfelation between 
pairs of transducers. The traasducers were calibrated statically 
and dynamically and the phase relationship between their output 
voltages was measured. 

3.1.1  Calibration 

Static calibrations were performed on the gauges by exposing the 
transducer diaphram to pressures varying fron 0.1 to 30 psia. The 
Statham gauges were balanced to give r,oro dc output at normal 
atmospheric pressure (lp psia). The instrumentation used Tor 
this calibration is shown in block Uiagram form in RLgure 3.1-1. 
This calibration was performed to allow the static pressures on 
the model to be recorded accurately. 

Dynamic calibrations were performed on the transducers by utilizing 
a single frequency pressure coupler calibration technique. The 
essential items of the calibrator consists of: (1) a wedge shaped 
chamber which couples the transducers to an acoustic pressure rjo-rcc, 
(2) a monitor- microphone (Altec Type- 21BR180) which serves as a 
secondary standard and monitors the cavity pressure field, (3) a 
University ID ho acoustic driving unit, and (li) a Statham transducer 
(probe attached for wing and fin locations) to be calibrated. The 
sound field produced in the pressure coupler (Iho db) is maintained 
uniform from kO to above ^000 cps with a compressor control circuit, 

A block diagram of the dynamic calibration system is shown in 
Figure 3.1-2. The dynanic calibrations were performed with the 
transducers mounted either with their diaphrams flush or with their 
respective probes mounted flush with the wedge coupler cavity wall. 
Figures 3.1-3 and 3.1-1; illustrates the various types of probes arc! 
their component parts. 

The phase- relationship of the transducers was measured by using the 
acoustic calibration coupler, two transducers, their power supplies, 
amplifies, tape recorder, oscilloscope and a phase-shifter. The 
two cauges were mounted in the coupler at opposite sides, end ex- 
posed to the couoler sound field. The output voltages of the 
Statham gauges were passed through their rcpsective amplifiers ard 
recorded on the IB-HOG, tape recorder. For the playback of these 

Jtym,     i)3.407|.|0M {w,t «AC IM4-L-R3) NO. D2-80713 
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cicials, one transducer (tho reference) is fed dibrcctly Into one 
axis of the oscilloscope, the other passes through the r^acc-shiftcr 
end then to the other .-uds of the oscilloscope.   With both si^ncils 
beinj» fed into differcr.t axes of the OSCIHOSCODO, a Lissrjov.s 
finure vill be produced.    The phase-shifter is adjusted until the 
Idssajous figure indicated aoro decree phase shift between the two 
sicnals.   The phase aigle is then read diroctl;- fror», the phase« 
5hj.fter.   A block diagram of this iastruncntation is shown In 
ric^re 3»l-5«   Figure 3.1-6 shw^rs two transducer systems with probes 
being phase matched while installed in the wed^e pressure coupler« 

Also calibrated prior to the testing program was a portable field 
calibrator "which produced a sound pressure level of llijj db at 200 
cps when closely coupled to a clider transducer.   The field cali- 
brator was used to calibrate the gilder model transducer meanureincrb 
systems during the test program. 

Preliminary calibrations and data obtained from -vibration shake 
tests indicated that the average transducer resonance occurred at 
5600 cps and had very low damping (occ Section 3.2),   Therefore, a 
low-pass filter was incorporated into the first pro-anplLficr's 
output.   Figure 3»l-7 shcr-:s a schemitic of the'pre-amplifier end 
filter circuit and the frequency response of both units.    The 
dynamic calibrations and'the phase checking were measured through 
this pre-amplifier and filter. 

Static calibrations were performed on 1$ of the PA 203 TC 15-3^0 
gauges and on 2 of the PA 222 TC 1^-350 gauges.    The plots of the 
static calibrations are shown in Figures 3*1-0 through 3,1-2$, 

Dynamic end-to-end calibrations wore performed on all 17 gauges 
and their associated electronics used for the tost.   The results 
are plotted on Figures 3.1-26 through 3.1-13.   The gauges with probe 
tubes had the characteristic peaks and valleys in their response 
curves,  due to the acoustic resonances of the probes. 

The results of the pha.se relationship measurements arc tabulated in 
Figures 3»1-Wi and -1$,    The phase shift was measured through the 
entire system from transducer through the tape recorder playback. 

3.1.2 ,    Testing 

The basic instrumentation used for each track of ^corded acoustical 
information is shown in block diagram form in Figure 3»l-46. The 32 
channel oscillograph shown in Figure 3*1-^6 wan calibrated to provide 
a "quick look" at the acoustic data taken during the test program. 
In addition, the oscillographic data was used to select the tunnel 
test conditions for detail study. Acoustic pressure calibrations 
were performed on the model glider transducers just prior to, during, 
and after the wind tunnel tost programs by utilising the portable 
field calibrator. These field'calibrations served to determine data 
channel sensitivity changes arc! as a recorded calibration tone for 
data reduction. Figure 3.1-^7 Illustrates how the field calibrator 
was used on the wind tunnel model configuration. 

$* 
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3.1,3  Data Reduction 

The data reduction was perforned by using 1/3 octave band filters 
and plotting the data on a BfiS graphic level recorder.    Figure 
3.1-i;8 is a block diagram of the data reduction eQTBteffl«    The date 
reduction was performed in the following manner.   First, the cali- 
bration signal (lltj? db at 200 cps) recorded on tape during the test 
program was used to establish a reference sound rroseurc level on 
tha B & K graphic record.   Then the recorded tape data was filtered 
and a permanent record «as obtained en the B & K granhic level re- 
corder.   These levels were tabulated and syatem frequency response 
correction were applied to give corrected sound preseure levels. 
The system corrections applied includes the transducer, its probe 
tube if used, the first pre-amp and low pess filter, arid ry     •,,*''' 

recorder pre-amplifier. The tanc recorder and playback system have 
no corrections over this frequency range. 

The space correlation coefficients, (R), were obtained by using vie 
sum and difference amplifier method. A blod: diagram of the method 
is shown in Figure 3.1-^9• 
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TABULinr! OF TIE PFAS3 AIXLE BETI-JEEi: 
PAIRS OF JSUNSDaCERS 

Hefcrcnce:   Toct Point 1 

Test Point 2 

Freouincy Phase An $* 

50 ops 0C 

600 0 
16QC 5 
1800 11 

Test Point It 

Froaucncy Phase Angle 
50 cps 0° 

600 h 
800 5 

1200 10 
1300 12 

Referenc ; •    Test Point h 

Test. Point 7 

Frequency   Phase Angle 

50 cps 
210 
600 
800 

r 
5 

10 
12 

Reference: Test Point 10 

Test Point 12 

Frequency   Phase Annie 

50 cps 0° 
5oo 
600 
800 

2000 
2500 ■ 

5 
3 
0 
3 
6 

Reference:    Test Point 15 

Tpst PolRt 16 

PYeauency Phase Angle 
^0 cps    0° 

2600 0 

tfl.407t.t00« (w.» IA« t»«VR»J 

<?./ 

Test Point 3 

Freoucncy Phase Arwde 
50 c^s 

600 
1550 
1800 

no u 

0 

11 

Test Point 6 

RreQuency Phase Ancle 

5o os 
loo 
600 
1500 
1S50 

0° 
5 
6 

10 
12 

Tost Point 17 

Freouency   P^ase Angle 
ScTcps 0° 

6oo q 
2600 5 Pipure 3.1-Lii 
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TAsuiAnc:: OF 3HE PÄkSB kmiz 

BETHEBN PAIRS CF raAlISDüDERS 

I1EM1 

Rcrcrence:   track 5, gase Nunfcer 2£oIi7, TEST POriT 1 

Track 11, gage 13981, Test point 3 

niEQlK'CZ PHASE AXIS 

50 cp: 
6C0 

1000 
1^0 

0° 
0 

+ 5° 
+12° 

Track 7, gage 8768, Test point 6 

raEQ'-EIICY PHASE AIIGIE 

^0 cps * 
600 

1600 

0° 

-12 

ITEM 2 

Reference:    track 9, gage Nuraber 23Ü25, TESI POINI _> 

Track 13, gage 73980, Test point 17 

HEQUENCI PHASE ANGLE 

5o cpj 
600 

1500 

0° 

-12 
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3,2      VI3RATI0K I::ST?.
T
J/S:TATICIIT 

The vibration responw of lovr sennitirity acor.ctic trancclucorn cm 
result in Bpurlou data.   That is, the signal generated by the trans- 
ducer due to the nodcl glider vibratory notion could be on the order 
of or crcater than the signal generated by fluotuating pressures« 
Therefore, a test was perforned at a Boeing vibration laboratory to 
determine the vibration sensitivity of the test pro^rar. Statham 
transducers.    The results of the transducer vibration tost are shown 
in Figure 3.2-1. 

In order to provide model glider vibration data during the test 
procram, three accelerometers Trare mounted within the riif-rr 
canopy to nsasure vibration in mutually perpendicular directions. 
The instrumentation system used to r.oasure glider vibratio:   is 
shoim in Figure 3.2-2. 

Based on those data, a large prrt of the "acoustic data" was rejected 
as invalid since the exocctod transducer output duo to vibration 
alone Kas less than 10 db below the observed output duo to acro- 
d:vnamic noise. 

Ut-4071-1000 («M IAC MOt.VKJt 
/ii.'/ffA/£. 
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1^.0 TnANSOTIIG I.IND TOgB T-ST 

h.l        PURPOSE 

The p-jrposc of this tent waa to measure the magnitude, frequency 
spectrun, and space correlation of fluctuating acrccr:nr.-ic r^r^c- 
sures on the glider in the transonic speed regime due to: 

(a) Fluctuating base precc-jres 

(b) Fluctuating wake prcrs'.res 

(c) Fluctuating cavity presrares 

(d) Separated flow 

(e) Fluctuating s'-'ce'e '.raves 

lu2   T3ST FAdUlI 

The test ras conducted during the period of 18 April 1962 throush 
19 April 1?62 In the Boeinc Transonic Wind Tunnel Facility at Seattle, 
Washington« 

hO        MODEL CDNIKHRATION 

The r.odcl glider "vand tunnel configuration drawing is shorn in 
Figure i;.3-1. 

h.U 

1.$ 

TEST PP.0CEDIRE 

The transonic test procedure was performed in the followüig manner: 

(a) The model test confi^raticn was set at the appropriate angle 
of attack, eleven deflection, and rudder deflection zz specified 
:',. the test plan (Figure h.5-1). 

(b) Hext, the timnol test condition at the appropriate Mach nujr&cr 
was initiated« 

(c) When stable conditions existed in the tunnel tent section, 10 
seconds of acoustic, vibration, and tunnel test psrarceters were 
recorded, k ' 

(d) The procedure was repeated for ell conditions specifiod in the 
test plan, 

TEST RSSTJLTS 

Tunnel T^st Conditions 

K-rrure lu5-l su^narizes the Mach numbers, eleven defloctlonn, and 
rudder deflections spocified daring the transonic test program. 
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h.S.l 

> 

(ContinuAd) 

Plgore l;.^-2 chc.-rs norincl (t.T.-nic pres^.re, total pressurei total 
tcn^cratvsrc, test action static preasure, and Roynolds nuriber/ft 
at cr.c'.i Kach nunVcr toctcd. 

li,J?,2        Acor'.ntlc Tent Fteffülbg - Sound ffresargg T-o'/^ls 

The acoustio tont rcr. tits in 1/3 octavo band sound ^crevro levels 
from the transonic idr.d tunnel test procran aro tabulated in r'~ es 
).;..5-3 through li.J»-31?»    -'■"- results nrcccntoc represent rll acoustic 
data mao'jred on the model glider in the transonic rind tunnel -..v.th 
an overall equal to or greater than llil> db.   Overall sound  >rcccure 
levels indicated in the test results were confuted fron the ccrr< cted 
1/3 octavo hmd sound levels.   The RMS pressure coefficient (    3n = 
PI'S Fluctuating Preosurc/DTna-ric Pressure) is also tabulated for" creh 
test condition.   One-third octave band sound levels vdth lir s drc.n 
through then or emitted are suspect die to the vibrotion response of 
the Stathara transducers (Sec Section r.5.2 for a furtiior discussion 
on the vibration response of Stathara transducers in eouivalent sound 
levels). 

Envelopes of maxiraum 1/3 octave hand sound levels observed in drffer- 
ent areas of the model glider are sho-.n en Firures h.l'-^' end -37. 
Figure lu5-37a identifies each envelope of :■-:■;. -m 1/3 octavo band 
sound levels and its associated model glider area. 

',■. ^, 3        Acoustic ?r-~'c Retnilts ■•Sgace C^reln'r.en Coefj^cients 

Snaco correlatioBi coefficients of glider transducers pairs ere shown 
plotted in Figures l*.^-38 through h.S-bo.   Only a litrdted nuirhcr of 
test points md test conditions :-:ere chosen fer measurement 0^ space 
correlation. 

Il.,5.h Vihrntien Tost Results 

Figures li.5-^9 through I:..5:-67 show envelopes of model glider vibra- 
tion data measured during the transonic wind tunnel test program. 

mi 11 erodynamic noise pressures are reported in terns of sound level 
'on the logarithmic db scale.    This fern is more directly usable by 
the acoustical'engineer arid provides vastly improved detail at low 
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Mach j 
Nufflber 

Itynanio 
Prcsrvro 
(paf) 

Tort 
Sect! 

Prcr." 
(psi 

on 
r* 
•-■ 

"re 
n) , ... 

Total 
Temocrature 

C'F) 

Reynolds 

::1C5 

0.5 315 1760 106 2.86 

0.6 106 1660 117 3.19 

0.7 . 523 1530 123 

0.8 620 1390 120 

0.85 667 1310 122 

0.9 709 1210 126 3.91 

0.95 7I;6 1180 133 3.92 

1.0 782 1110 137 3.95 

Ö39 902 Hi? 

TRANSONIC W/T TEST SECTIC" PARAMETERS 
(Nominal Valves) 
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5.0      SUPERSONIC mm XONNZL ISST 

5.1   i    WRP0S1 ' 

1^6 purpOB« of this test was to wairaf» tb| magnitude, ft-equeney 
s^xctrun, and space cor^olatl.ftn of flttet'iatlng aerodjrxianle pressiere 
©n the glider SA the mpersonie spee<! regifne dae tol 

(a) Fluctuating base pressures 

(b) Fluctuating cavity pressures 

C«3   Soporatcd flovr 

5,Ü TEST FAGIOT 

She tecli vas conducted during the period vt 22 Jlarch I962 through 
23 Tarch 1962 la tha Boeing Supersonic Vlnd Tunnel Facility at Seattle, 
tJachington» 

5.3        rODEL COJtflOTIttTIOK 

The wodel glider vted tunnel configuration drying Is shoini In Fi^rs 
5.3-1. 

<-U 

5.5 

5.5.1 

TEST FROCSDURE 

The test procedure in the supersonic wind tunnel va-n conducted in 
the following nanner: 

(a) The model configuration was set at the appropriate eleven and 
rudder deflection with the glides at zero angle of attack, 

(b) Tunnel test conditions were initiated at the appropriate Mach 
number and angle of attack. 

(c) The acoustic tihratlon and tunnel parameters were recorded when 
the tunnel test section reached a stable condition (2 seconds 
after starting shod? passed through test section). 

TEST RESULTS 
» 

Tunnel Test Conditions 

Tabulated Kach numbers, elevon deflections, and rudder deflections 
snocified for the supersonic wind tunnel test program are shown in 
Figure 5.5-1. Figure 5.5-2 shows nominal dynamic pressure, total 
pressure, total temperature, test section static pressure, and 
Reynolds number/ft at each Mach nurib-sr tested. 

^ 0 

W.4O7l-|M0tw^ BAC I544.1.RJ) 
JEUfJFSAMP NO. D2-80713 

PAGE 135 
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^* 

V 
$&t    AcousUc Test Results - Sound Pressure Levels 

; «> 

The acoustic data taken during the supersonic x-dnd tunnel portion of 
the test program are considered to be invalid due to the Vibration 
response of the Stathan pressure transducers.   An explanation of the 
basis of this judgment and how the data can be ur^ed is given in the 
following paragraphs« 

Given the vibration and acoustic sensitivities and vibration environment 
of the Statham transducer, the transducer output response due to vibra- 
Ucn can be calculated in equivalent sound pressure levels.   The 
etrjatlon la defined asi 

P^ (1/3 octave band sound orcsr:uro). 
(.0002/^bar)2"" 

• 10 log Tj J - 10 log Y^l ♦ 10 log Af ♦ 10 log APSD ♦ lit 

J/3 Octave Band level ■ 10 log 

2 

«hart 

10 leg r^l 

10 log t\ | 

10 log Af 

10 log ÄPSD 

Vibration senslf. vlty of Stathan Transducer In 
db ret   1 idlllvolt/g (Figure 3.2-1) + system 
corrections (71* db ♦ relative response given 
la Ptgwe 5.1-7? 

Acoustle sensitivity of Statham Transducer 
Including system correctlong tn db ret   1 volt/ 

bar CFlgurea 3.1-27 through S.l-lil) 

3/3 oötavg band wldtli correction In db 

Average acceleration power spectral density for 
the socclflc 1/3 octave band in db ret   lg2/cps 
(Figures It.£-I;8 through h.S~%> for transonic 
vlnd tunnel tests or Figures ^.5-10 through 
5.J-16 for Buperaonic tdnd tunnel tests) 

The calculated equivalent sound levsls vere then corrpared to the sourtd 
pressure levels determined by the acoustic data reduction system 
(Ilgure 3.14#%   ^ha comparison showed that the data measured by the 
glidef pressure transdueers In the cupsrsonle vlnd tunnel was probably 
due intirely to the vibration response of the transducers. 

ftgurea ?.^3 through $.$*# give envelopes of data measured by the 
model gilder transducers in the cupersonlc vind tunnel test program. 
Although these data are invalid, they serve to Indicate an upper 
bound to the aerodynamic noise levels on the model X-20 glider in 
the supersonic speed regime« 
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5.5.3   Acoustic Test Results - Space Correlction Coefficients 

Space correlation coefficients obtained are considered to be invalid 
for reasons given in Section 5.5.2. 

5.5.^   Vibration Test Results 

Figures 5.5-12 through 5.5-16 shows envelopes of model glider vibration 
data measured during the supersonic vind tunnel test program. 
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UJ-40TI.I009 

SUPERSOIJin TJI'^L OPERATION 
(Nominal Values) 

Mach 
Number 

Dynamic 
Pressure 

(psf) 

Total 
Prcssvce 

psia 

Total 
Tennorature 

^H) 

Test 
Section 
Static Pressure 

Reynolds 
Ilvjnbcr/ft 
x 106 

1.5 1200 19.7 5io 5.3 6.5 

2.0 lltOO 27 5io 3.5 7.5 

2.5 1500 liO 5io 2.1; 8.8 

3.0 i5oo 60 5io 1.61; 10 

3.5 ^50 90 515 1.17 11.8 
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