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ABSTRACT 

An investigation was conducted to evaluate free-stream pressure 
fluctuations in the Supersonic (16S) and Transonic (16T) circuits of the 
Propulsion Wind Tunnel.    Pressure fluctuations were observed to be 
less than 0. 5 percent of the dynamic pressure in Tunnel 16S with no 
apparent discrete-frequency energy concentrations.    In Tunnel 16T, 
unsteady pressure levels varied within an approximate range of 1 to 
2 percent of the dynamic pressure for typical test conditions.    Maxi- 
mum values of fluctuating pressure occurred in Tunnel 16T at Mach 
numbers 0. 70 and 0. 75,  where significantly large acoustical disturb- 
ances at a discrete frequency near 570 cps were observed. 
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AEDC-TR-67-167 

CONTENTS 

Page 

ABSTRACT  iii 
NOMENCLATURE  vii 

I.   INTRODUCTION  1 
II.   APPARATUS 

2. 1   Test Facilities  1 
2. 2   Calibration Body  2 
2. 3   Instrumentation  2 

III. TEST  DESCRIPTION 
3. 1    Procedure  2 
3.2 Data Reduction  3 
3.3 Uncertainties  4 

IV. RESULTS AND DISCUSSION  4 
V.   CONCLUSIONS  7 

REFERENCES     8 

APPENDIX 
III ust rations 

Figure 

1. Sketch of the Tunnel 16S Test Section Showing the 
Calibration Body Installation  11 

2. Sketch of the Tunnel 16T Test Section Showing 
the Calibration Body Installation  12 

3. Photograph of the Calibration Body Installed in 
Tunnel 16T ,   .   . 13 

4. Details of the Calibration Body Showing Microphone 
and Transducer Locations  14 

5. Microphone and Transducer Installation Details    ... 15 

6. Variation of Reynolds Number with Mach Number.   .    . 16 

7. Variation of Fluctuating Pressure Coefficient with 
Mach Number 

a. Pu  =    900  17 
b. p+     = 1600  1? 



AEDC-TR-67-167 

Figure Page 

8. Variation of Fluctuating Pressure Coefficient 
with Total Pressure 

a. M«, = 0. 60  18 
b. M0 = 1.40  18 

9. Predicted Location of Boundary-Layer Transition 
for the Calibration Body at Mach Number 1.40   ...    . 19 

10. Variation of Power Spectral Density with Frequency 
for the Forward Microphone at Pf.    = 1600 psf 

a. Mm = 0. 60 and 0. 70    .    .    ."  20 
b. M„ - 0.75  21 
c. Mm = 0.a01  0.90,   1.00,  and 1.10  22 
d. M„ = 1.20,   1.30,  and 1.40  23 

11. Variation of the Autocorrelation Function with 
Time Displacement for the Forward Microphone 
at pt    - 1600 psf 

a." MB = 0. 60,  0. 70,  and 0. 75         24 
b. Ma3 = 0.80)  0.90,  and 1.10         25 
c. M= 1.20 and 1.40         26 

VI 



AEDC-TR. 67-167 

NOMENCLATURE 

ACp Coefficient of the rms pressure fluctuations about 
the mean,  Ap/q^ 

f Frequency,   cps 

Ma Free-stream Mach number 

p Pressure fluctuation about the mean,  psf 

Ap Root-mean-square value of recorded fluctuating 
pressure,  psf 

ptoo Free-stream total pressure,  psf 

q0 Free-stream dynamic pressure,  psf 

Re/ft Reynolds number per foot, V^/v^ 

R(T) Autocorrelation of recorded fluctuating pressure,  psf2 

t Time,   sec 

V^ Free-stream velocity,  ft/sec 

vm Kinematic viscosity of the free stream,  ft^/sec 

T Time displacement,  sec 

* Power spectral density,  psf2/cps 

w Circular frequency,   2irf,  rad/sec 
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SECTION 1 
INTRODUCTION 

The subject investigation was conducted as a preliminary phase of a 
recent test program in the Propulsion Wind Tunnels,   Supersonic (16S) 
and Transonic {16T) circuits of the Propulsion Wind Tunnel Facility (PWT). 
The primary objective of the investigation was to measure tunnel-associated 
unsteady pressures for subsequent evaluation of pressure fluctuations meas- 
ured on a test article.    This objective was compatible with a needed evalua- 
tion of test section disturbances which can influence results from various 
types of dynamic testing.    Previous acoustical measurements have been 
obtained in Tunnel 16T (Ref.   1).    The present investigation extends the 
frequency range of the Ref.   1 measurements, utilizing a probe design 
which was expected to influence the measurements to a lesser degree. 

A 10-deg cone instrumented with microphones and transducers was 
used to measure free-stream disturbances at Mach numbers from 0. 60 to 
1. 40 in 16T and at Mach numbers from 1. 80 to 3. 10 in 16S.    Unit Reynolds 
number was varied from 1. 42 to 4. 55 million in 16T and from 0. 76 to 
2. 13 million in 16S, 

SECTION II 
APPARATUS 

2.1   TEST FACILITIES 

Tunnel 16T is a variable density wind tunnel.    The test section is 16 ft 
square and is lined with perforated plates to allow continuous operation 
through the Mach number range from 0. 55 to 1. 60 with minimum wall 
interference. 

Tunnel 16S is also a variable density wind tunnel with a 16-ft-square 
test section.    The Tunnel 16S Mach number range is from 1. 70 to 3. 10. 

Details of the test sections showing model location and support strut 
arrangement are presented in Figs.   1 through 3 (Appendix).    A more 
extensive description of each tunnel is given in the Test Facilities 
Handbook (Ref.   2). "" 
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2.2  CALIBRATION BODY 

The calibration body consisted of a modified 10-deg cone instrumented 
with microphones and high-response transducers.   A sketch of the cone is 
shown in Fig.  4.    A flat surface was machined longitudinally along the top 
portion of the cone to permit flush-mounting of the microphones and trans- 
ducers.    The bottom portion of the cone was similarly flattened for sym- 
metry.    The included angle between the flat portions was 9. 44 deg. 

The conical design was selected in an effort to minimize body-induced 
pressure disturbances near the sensing instrumentation.    It was assumed 
that a small-angle cone such as the one used would permit the location of 
at least a portion of the microphones and transducers under a laminar 
boundary layer and that the local static pressures would closely approxi- 
mate the free-stream static pressure. 

2.3  INSTRUMENTATION 

Three microphones and three high-response transducers were used to 
sense pressure fluctuations.    The microphones and transducers were 
located in pairs at approximately 5. 5,   11,  and 17 in.   aft of the cone nose. 
Exact locations are shown in Fig.  4.    Details of an installed microphone 
and transducer pair are given in Fig.   5.    The microphones are a capacitor- 
type with a diaphragm-diameter of 0.234 in.    The manufacturer's specifica- 
tions indicated the microphone responses to be flat from approximately 
70 to 40, 000 cps.    The transducers are a strain-gage type with a diaphragm 
diameter of 0. 125 in.    Each transducer was referenced to a steady-state 
pressure approximately equal in magnitude to the free-stream static pres- 
sure.    A laboratory calibration showed a flat response from 0 to approxi- 
mately 10,000 cps for the transducers. 

The transducer and microphone outputs were recorded on magnetic 
tape in a frequency modulated (FM) mode at 120 in. /sec in Tunnel 16T 
and were recorded in both direct and FM modes at 15 in. /sec in 
Tunnel 16S. 

SECTION III 
TEST DESCRIPTION 

3.1   PROCEDURE 

The test procedure required a magnetic tape recording of microphone 
and transducer outputs at a calibration cone angle of attack, a,  of 0 deg 
for various Mach numbers and tunnel pressures.    During each recording, 
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pertinent tunnel conditions were computed and tabulated by means of the 
data processing system described in Ref,   2.    The magnetic tape record 
lengths were approximately 10 sec in Tunnel 16T and 30 sec in Tunnel 
16S.    The variation of Reynolds number with Mach number for the sub- 
ject investigation is presented in Fig.  6. 

3.2 DATA REDUCTION 

Root-mean-square (rms) values of the transducer or microphone 
outputs were measured by an rms voltmeter which averaged a 10-sec 
sample length of data.    An appropriate conversion constant was then 
employed to derive rms pressure levels from the rms voltage outputs. 

An automatic wave analyzer was utilized to obtain power spectral 
density (psd) and autocorrelation plots.    The psd analyses were con- 
ducted for frequency ranges of 0 to 150 cps and 0 to 10, 000 cps,  using 
bandpass filters of 1 and 50 cps,  respectively.    For the autocorrelation 
plots,  the time displacement, ,T,  was varied from 0 to 0. 015 sec. 

The psd function, <£,  is related to the mean square value of a fluctuat- 
ing pressure as follows: 

(Ap)' = ^ J      <f>da, 
0 

or, more conveniently, _f, 
(Ap)2 =J   <Mf 

o 

where fi is the highest frequency of the power spectrum analysis (150 or 
10,000 cps in the present investigation),  and <t> is the power spectral 
density in units of psf2/cps. 

The autocorrelation function,  R(T),  is a product of two p functions, 
namely, 

R(r) = F  [p(t) P(t H r)] 

Moreover,  when T = 0, 
RW - (Ap)1 

A more complete description of the autocorrelation and psd functions is 
given in Ref.  3. 
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3.3  UNCERTAINTIES 

The estimated precision of measurements for tunnel conditions is 
as follows: 

Mach number 
^0. 60 to 1. 10 
<1.20 to 1.40 
[l.80 to 3. 10 

±0.003 
±0.010 
±0.020 

Dynamic 
Pressure 

JMm< 1.40 
}M„> 1.40 

±4 psf 
±3 psf 

The uncertainties quoted for Mach number relate to the variation 
of Mach number in the vicinity of the calibration body.    The uncertainty 
in setting Mach number varied from ±0.003 to ±0. 010 with increasing 
Mach number. 

The data uncertainties,  estimated as percent of presented value,  are 
as follow: 

* ±15 percent 

R(T)       ±10 percent 

ACp      ±10 percent 

SECTION IV 
RESULTS AND DISCUSSION 

As noted in Section I,  tunnel disturbance data were recorded in both 
the Supersonic (16S) and Transonic (16T) circuits of the Propulsion Wind 
Tunnel.    The wind-off noise levels of the sensing instrumentation used in 
Tunnel 16S were a sizeable portion of the air-on output signals and pre- 
cluded an accurate measurement of the test section pressure disturbances. 
It was,  however,  apparent that these pressure levels were consistently 
low and in no case exceeded 0. 5 percent of the free-stream dynamic pres- 
sure.    Power spectral density analyses of the 16S data revealed no signif- 
icant discrete-frequency concentrations of energy.    In the absence of 
measurable Tunnel 16S pressure disturbances,  data are presented for 
Tunnel 16T only. 

Variations of the rms fluctuating pressure coefficient,  ACp,  with 
Mach number are presented for nominal total-pressure levels of 900 and 
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1600 psf in Fig.  7.    Values of ACp are presented for forward,   center, 
and aft microphone locations and for center and aft transducer locations. 
The microphones yielded larger values of ACp at all Mach numbers for 
which data were obtained in Tunnel 16T.    The difference in microphone 
and transducer outputs is probably indicative of the more extensive fre- 
quency range for which the microphones were responsive to acoustical 
disturbances (see Section 2. 3),  and it is likely that the microphone out- 
puts more nearly describe the total fluctuating pressure energy present 
in the airstream.    It is interesting to note that the microphones and 
transducers exhibited similar trends of ACp with Mach number,   an indi- 
cation that the more significant variations in test section disturbances 
occurred at frequencies within the transducer response range of 0 to 
approximately 10, 000 cps.    Well-defined maximum values of ACp 
occurred for a total pressure, p^,   of 1600 psf at Mach numbers 0. 70 
and 0.75, where the microphones yielded ACp values of approximately 
0.02. 

The previous investigation of Tunnel 16T fluctuating pressure char- 
acteristics (Ref.   1) utilized separate,  transducer-instrumented installa- 
tions of a wedge,  a probe-wing,   and an ogive-cylinder.   The frequency 
range of the transducers employed in the previous study varied from 5 to 
1000 cps.    A conclusive comparison of Ref.   1 data with results reported 
herein is inhibited by differences in configuration geometry and instru- 
mentation specifications,  but certain similarities are evident.    In particu- 
lar,  the ogive-cylinder yielded variations of ACp with Mach number which 
correlate reasonably well with the data presented in Fig.   7. 

The variations of ACp with pt    are presented for Mach numbers 0. 60 
and 1.40 in Fig.   8.    For the microphones at Mach number 0. 60,  ACp 
tended to decrease as p^    was increased.     At Mach number 1. 40,  the 
center and aft microphones exhibited decreasing ACp with increasing ptm; 
however,  the forward microphone displayed a lower and invariant ACp. 

The lower values of ACp for the forward microphone at Mach number 
1.40 wculd suggest a change in boundary-layer conditions between the 
forward and center microphones.    Accordingly,  unpublished results from 
a previous investigation were reviewed in an effort to predict the boundary- 
layer characteristics along the calibration body.    The previous data con- 
sisted of surface temperature measurements on a 5-deg cone and revealed 
a transition Reynolds number of approximately three million at Mach num- 
ber 1. 40.    Neglecting cone angle effects, the previous data predict the 
calibration body transition locations shown in Fig.   9.    It is apparent in 
Fig.   9 that the forward and center microphones were likely within a laminar 
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boundary layer at most of the pt   levels for which acoustical data are 
presented.    The differences noted in Fig.   8b are therefore probably 
not related to boundary-layer effects.    It is also interesting to note that, 
although transition may have occurred between the center and aft micro- 
phones as indicated in Fig.   9,   there was no significant change in the rela- 
tive fluctuating pressure levels exhibited by these two microphones in 
Fig.   8b. 

Power spectra and autocorrelograms are presented for the forward 
microphone in Figs.   10 and 11,  respectively.    The power spectra were 
obtained for a frequency range of 0 to 10,000 cps,  utilizing a 50-cps 
bandwidth filter.    Variations in the power spectra were negligible at fre- 
quencies above approximately 3000 cps.    A 0- to 6000-cps range was 
arbitrarily chosen for the Fig.   10 presentation.    Significant fluctuating 
pressure energy concentrations were observed at Mach numbers 0. 70 and 
0. 75 {Figs.   10a and b) where the power spectra exhibited peaks of uniquely 
large density near 600 cps.    The contribution of these energy peaks to the 
total fluctuating pressure level is apparent in Fig.   7b where,   as previously 
noted,  ACn was of maximum magnitude at Mach numbers 0. 70 and 0. 75. 
Autocorrelograms at Mach numbers 0.70 and 0.75 (Fig.   11a) reveal a 
discrete frequency of approximately 5 70 cps which corresponds to the 
peaks in the power spectra.    Peaks near 600 cps were also evident in the 
power spectra at Mach numbers 0.60 and 0.80,  but were not of sufficient 
strength to define a discrete frequency in the corresponding autocorrelo- 
grams.    Discrete frequency disturbances could in fact be ascertained only 
at Mach numbers 0. 70 and 0. 75. 

A smaller peak in the power spectra occurs at Mach numbers 0.70 
and 0. 75 at a frequency near 1750 cps.    This "secondary" peak remains 
at the higher Mach numbers but occurs at an increasingly higher frequency 
as Mach number is increased from 0. 75 to 1. 30,   its highest frequency 
location being approximately 2900 cps at Mach numbers 1.30 and 1.40. 

Because the microphone responses were of questionable accuracy at 
frequencies below approximately 70 cps,  analyses of the center transducer 
outputs were conducted in an effort to better determine the low frequency 
fluctuating pressure characteristics.    The transducer data were analyzed 
from 0 to 150 cps using a 1-cps bandwidth filter.    The power spectra for 
the transducer indicated little variation in density from 150 cps down to 
near 20 cps,  with a sharp increase in density as frequency approached 
0 cps.    The low-frequency rise in the power spectra was not associated 
with any significant variations in ACp magnitudes (see Fig.   7b) and there- 
fore probably had a minimal effect on the disturbance energy level at these 
Mach numbers. 
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The effects of tunnel-associated acoustical disturbances on acoustical 
data measured for a test model are of obvious interest to the investigator. 
State-of-the-art knowledge regarding such effects is unfortunately quite 
limited at present.    Tunnel 16T tests involving the measurement of model 
surface acoustical characteristics have revealed rms pressure-levels 
which were in some cases lower than free-stream levels presented herein. 
Specific examples can be found in Ref.  4 where values of ACp presented 
for cone-cylinder configurations are lower than the values shown in Fig.   7 
at certain test conditions.    Such comparisons indicate that a direct sub- 
traction of the measured free-stream noise level from the corresponding 
model data does not yield a valid correction. 

SECTION V 
CONCLUSIONS 

The following conclusions resulted from the investigation of free- 
stream fluctuating pressures in the 16-ft tunnels of PWT: 

1. Fluctuating pressure levels measured in Tunnel 16S 
were less than 0. 5 percent of the dynamic pressure, 
and those measured in Tunnel 16T varied within an 
approximate range of 1 to 2 percent of the dynamic 
pressure. 

2. Maximum values of the fluctuating pressure coefficient 
occurred in Tunnel 16T at Mach numbers 0. 70 and 0. 75. 

3. Significant fluctuating pressure energy concentrations 
exhibiting a discrete frequency of approximately 570 cps 
occurred at Mach numbers 0. 70 and 0. 75.    Discrete- 
frequency disturbances were not evident at the other 
Mach numbers for which data were obtained. 
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Fig. 5   Microphone and Transducer Installation Details 
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