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ABSTRACT 

This report presents the results of an investigation to determine the 
transition Reynolds number characteristics of the Propulsion Wind Tun- 
nel (16T) and the Aerodynamic Wind Tunnel (4T) by measuring the loca- 
tion of boundary-layer transition on a 10-deg total-angle cone.   Boundary- 
layer thickness on the test section walls and test section noise levels 
were measured in an attempt to determine their influence on boundary- 
layer transition location.    Transition Reynolds number decreased with 
increasing Mach number in both tunnels with a higher rate of change in 
Tunnel 4T.    Transition Reynolds number decreased with increasing unit 
Reynolds number for free-stream Mach numbers < 1. 0 and alternated 
between decreasing and increasing with increasing unit Reynolds number 
for free-stream Mach numbers > 1. 0.   Test results indicated that boundary- 
layer transition on the cone surface was affected by test section wall angle, 
wall porosity,  and the noise radiating from the test section walls.    The 
boundary-layer acoustic level,  as measured on the cone surface,  was 
relatively unaffected by transition location for subsonic Mach numbers. 
Transition Reynolds number decreased with increasing tunnel noise level, 
and the sensitivity of boundary-layer transition to test section noise de- 
creased with increasing unit Reynolds number. 

This document is subject to special export controls and 
each Iransmiltal to foreign governments or foreign 
nationals may be made only with prior approval of 
Arnold Engineering Development Center (XON), Arnold 
Air Force Station, Tennessee  37389. 
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SECTION I 
INTRODUCTION 

The current trends in the development of modern high performance 
flight vehicles have resulted in an increased emphasis on the accuracy 
and validity of transonic wind tunnel testing.   As a result of these trends, 
it has become necessary to have a better understanding of the test section 
flow characteristics in wind tunnels.    Recent investigations in supersonic 
wind tunnels (Refs.   1 through 4) established an empirical relationship 
between transition Reynolds 'number and the tunnel size,  tunnel wall 
boundary-layer noise,  boundary-layer thickness,  and skin friction.    In 
contrast,  a recent literature search revealed that very little informa- 
tion is available on transition Reynolds number and corresponding in- 
fluencing factors for transonic wind tunnels. 

This report presents the results of an investigation to determine 
the transition Reynolds number characteristics of the Propulsion Wind 
Tunnel (16T) and the Aerodynamic Wind Tunnel (4T) by measuring the 
location of boundary-layer transition on a 10-deg total-angle cone. 
Boundary-layer thickness on the test section walls and test section 
noise levels were measured in an attempt to determine their influence 
on transition location. 

SECTION II 
TEST DESCRIPTION 

2.1   DESCRIPTION OF TUNNELS 

2.1.1   Tunnel 16T 

The AEDC Propulsion Wind Tunnel (16T) is a variable density,  con- 
tinuous flow tunnel capable of operation at Mach numbers from 0. 20 to 
1. 60,  and at stagnation pressures up to 4000 psfa.    The test section is 
16 ft square by 40 ft long and is enclosed by perforated walls of fixed 
6-percent porosity.   The sidewalls of the test section are movable to 
allow various wall angle settings as an aid in minimizing wall interfer- 
ence at supersonic Mach numbers.   Details of the test section are shown 
in Fig.   1 (Appendix) and a section of the perforated walls and the geom- 
etry details of the holes are shown in Fig.  2.   A more complete descrip- 
tion of the tunnel may be found in Ref.  5. 
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2.1.2  Tunnel 4T 

The AEDC Aerodynamic Wind Tunnel (4T) is a variable density,  con- 
tinuous flow tunnel and is capable of operation over a Mach number range 
from 0. 1 to 1. 3 at stagnation pressures from 300 to 3700 psfa.    The test 
section is 4 ft square by 12.5 ft long and is equipped with variable 
porosity walls with an available porosity range from 0- to 10-percent 
open area.    The sidewalls are hinged in a manner similar to Tunnel 16T. 
Details of the test section and the perforated walls are shown in Fig.  3. 
A more thorough description of Tunnel 4T may be found in Ref. 5. 

2.2   APPARATUS 

2.2.1 Wall Boundary-Layer and Acoustic Instrumentation 

Six boundary-layer rakes were installed on the four test section 
walls of Tunnel 16T.   Two rakes (one of 8-in,  height on the bottom wall 
and the other of 12-in. height on the east wall} were installed at Station 0. 
Four rakes,  each 24 in.  high,  were installed on each of the four walls at 
Station 12.    The location of these rakes is shown in Fig.   1.    Also, 
dynamic pressure transducers were installed on the west test section 
wall at the test section centerline height.    One transducer was located 
forward of the perforated region at Station -10 and the other was located 
at Station 12 in a locally smooth region obtained by filling the adjacent 
wall holes.    The frequency response of the transducers was flat from 
100 Hz to 100 kHz but can be corrected down to 10 Hz. 

Test instrumentation in Tunnel 4T consisted of a dynamic pressure 
transducer installed in the south test section wall at Station 88 in a 
locally smooth area.    The transducer had a 1/8-in.  diaphragm and a 
frequency response from 10 Hz to 10 kHz. 

2.2.2 10-deg Transition Cone and Surface Pitot Probe 

The geometry details of the sting-mounted 10-deg cone are shown in 
Fig.  4.    The cone was machined from a solid piece of stainless steel. 
The surface was turned,  heat treated,   finish ground,   and then polished 
smooth to a surface finish of 3 to 4 ßin.    Two flush-mounted pressure 
transducers were installed in the cone as shown in Fig,  4.    A quick- 
removal mechanism was included as a part of the transducer mounting 
arrangement to allow for ease of replacement of a damaged transducer. 

A schematic of the pitot probe and close-coupled pressure trans- 
ducer showing detailed dimensions is presented in Fig.  5.    The probe 
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was designed and fabricated for:   (1) the minimization of probe-cone 
surface interference by the provision of a minimum probe contact area, 
(2) the minimization of the probe tip opening height to allow the survey of 
a very thin boundary layer,  and (3) the minimization of pressure lag 
time by close-coupling the pressure transducer to maximize the probe 
frequency response,    Considerable attention was directed to the design 
of the geometry of the probe support structure (particularly in the region 
closest to the cone) to minimize the possibility of the traversing mech- 
anism distorting the near-field cone pressure distribution.   As shown in 
Fig.  5, the lower portion of the support structure is inclined 60 deg from 
the vertical and all frontal areas were beveled and constructed as thin as 
was structurally possible.   A nontraversing symmetrical dummy support 
mechanism was installed on the lower side of the cone as shown in Fig. 6. 
The probe traversing mechanism is driven by a d-c motor with closed- 
loop position control using a feedback potentiometer.   A close-up view of 
the pitot probe on the cone surface is shown in Fig.  7. 

The location of the cone in Tunnels 16T and 4T is shown in Figs.   1 
and 3,  respectively.    The model blockage for the cone and traversing 
mechanism was 0. 175 percent in Tunnel 16T and 2. 78 percent in 
Tunnel 4T. 

2.2.3  Data Reduction 

The transition Reynolds number data from the tests in both tunnels 
were reduced and analyzed on line during the conduct of the test.    This 
allowed for a more comprehensive survey in the critical areas of tunnel 
operation and minimized tunnel test time by improving data acquisition 
efficiency. 

The on-line display for the transition measurements was an X-Y 
plotter.    The X axis was driven by the output from the probe position 
feedback potentiometer,  and the Y axis'was driven by the output of the 
pitot probe pressure transducer.    This gave an immediate display of the 
pressure profile,  and allowed the transition location (selected on the 
basis of the criteria discussed in Section 3. 1) to be scaled off directly. 
The on-line display also included the tabulation of tunnel conditions, 
boundary-layer profiles, and the root-mean-square (rms) outputs of the 
cone and wall transducers as measured by rms to d-c converters. 

For off-line analysis, the outputs of the cone pressure transducers, 
the pitot probe transducer and position potentiometer,  and the trans- 
ducers on the tunnel walls were recorded on FM magnetic tape.   In addi- 
tion, the output of an accelerometer installed inside the cone to evaluate 
the structural vibration input tö the transducers was recorded. 
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The cone and wall data were analyzed using an analog-type,  constant 
bandwidth, frequency analyzer.    The analysis was divided into two fre- 
quency ranges.    The first covered the range from 10 Hz to 10 kHz and 
was intended to investigate the far field or the overall tunnel environ- 
ment.    The second covered the range from essentially 0 to 100 Hz and 
was intended to investigate the near-field effects of transition. 

2.3  TEST PROCEDURE 

The cone surface pressure surveys were conducted while holding 
free-stream Mach number constant and varying total pressure.   In order 
to avoid the possibility of model interference from the two forward 
boundary-layer rakes,  in Tunnel 16T, boundary-layer data for the test 
section wall at Station 0 were obtained first and then the pitot rakes were 
removed before commencing with the transition measurements. 

It was determined that there were slight differences in the pres- 
sure profile along the cone surface when traversing the pitot probe aft 
to forward and forward to aft.   These differences could be diminished 
but not eliminated by reducing the traversing speed of the probe, and 
are attributed to the probe .response time and a possible hysteresis 
effect on the cone boundary layer by the traversing pitot probe.   As a 
result of this occurrence,  all pressure profiles were obtained by trav- 
ersing the pitot probe from an aft to a forward position.   With Mach 
number held constant,  and at a minimum total pressure for which transi- 
tion could be detected, pressure profiles were obtained for incremental 
changes in tunnel total pressure until the pitot probe sensitivity dimin- 
ished and transition could no longer be detected. 

In Tunnel 16T the Mach number was varied from 0. 6 to 1. 3 in 
0. 05 increments or less.   In the critical Mach number range 
0. 65 < Mg,, < 0. 80,  as defined in Ref.  6, the increment was either 0. 02 
or 0.03.    Unit Reynolds number was varied from less than 1. 5 million 
to greater than 4. 0 million.   In addition, the influence of test section 
wall angle,  flow angularity (by varying cone angle of attack), and com- 
pressor stator blade angle was evaluated. 

In Tunnel 4T the Mach number was varied from 0. 3 to 1. 3 in incre- 
ments of 0. 10 or less.    The unit Reynolds number range was approxi- 
mately the same as in Tunnel 16T.   Wall porosity was varied from 0 to 
10 percent.    Test section wall angle and cone angle of attack were not 
varied in Tunnel 4T. 
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2.4  PRECISION OF MEASUREMENTS 

The estimates of the errors in the steady-state data as determined 
from instrumentation and calibration inaccuracies are as follows: 

Parameter Accuracy 

M„ ±0.002 

Pt« ±4 psfa 

a ±0.03 deg 

9W ±0. 03 deg 

T ±0. 02 percent 

X ±0. 10 in. 

The accuracy of the tabulated on-line rms data as measured by the pres- 
sure transducers is estimated to be ±0. 4 db,  or ±2. 0 psf at a sound pres- 
sure level of 160 db.   These estimates are based on a confidence level of 
95 percent. 

The uncertainty of the frequency analysis based on a 67-percent 
confidence level was established as follows: 

From 30 to 500 Hz 11.1 percent 
From 500 Hz to 10 kHz 3. 53 percent 

SECTION III 
TRANSITION DETECTION TECHNIQUES 

3.1   GENERAL 

A pictorial description of a typical boundary-layer buildup from 
laminar flow through a transition region to turbulent flow is shown in 
Fig.  8.    The line that defines the boundary layer is the boundary-layer 
thickness,   6,  as shown in the inset.    This line can also be considered as 
the point at which the local velocity reaches the free-stream velocity. 
When moving downstream, the laminar region is characterized by a 
gradually increasing surface temperature,  a negative pitot pressure 
gradient, and very low-level pressure fluctuations.    The transition 
region is characterized by a sharp increase in surface temperature,  a 
positive pitot pressure gradient,  and an increase in the level of the 
fluctuating pressures at low frequencies.    The turbulent region is char- 
acterized by a relatively constant surface temperature,  a small nega- 
tive pitot pressure gradient,  and as the turbulent boundary layer builds 
up,  an increase in the level of the pressure fluctuations at all frequencies. 
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3.2  SURFACE STEADY-STATE PITOT PRESSURE 

Steady-state pressure profiles that were obtained in Tunnel 4T at 
M0 = 0. 80 using the pitot probe are presented in Fig, 9.   These profiles 
are typical of those obtained in both Tunnels 4T and IßT throughout the 
Mach number and Reynolds number range.   It is emphasized that these 
are steady-state or d-c pressure profiles and that the dynamic or fluc- 
tuating component has been filtered out. 

The location of the boundary-layer transition on the cone surface 
was chosen as the peak in the steady-state pitot pressure profile as de- 
picted in Fig. 9.    The location of this peak is generally accepted as being 
near the end of the boundary-layer transition region.    The beginning of 
the transition region is generally considered to be in the neighborhood of 
the minimum pressure.    The location of the minimum pressure is quite 
difficult to determine, however, particularly at the higher Reynolds num- 
bers. 

It was discovered that the size of the pitot probe relative to the cone 
surface boundary-layer thickness was a determining factor in the effec- 
tiveness of the probe in detecting the location of transition.    Figure 8 
shows a pictorial description of the pitot probe size in relationship to an 
assumed cone boundary-layer thickness.   As the probe moves forward on 
the cone surface from the turbulent to the laminar region, the probe 
senses an increasing total pressure with decreasing turbulent boundary- 
layer thickness, a sudden drop in total pressure associated with transi- 
tion,  and finally again an increasing total pressure with decreasing thick- 
ness of the laminar boundary layer.   As unit Reynolds number is 
increased, the transition location moves forward on the cone surface 
into a correspondingly decreasing boundary-layer thickness.   A limiting 
condition is eventually reached where the surface pitot probe cannot 
measure the small change in total pressure that occurs in the transition 
region because of the large ratio of probe tip height to boundary-layer 
thickness. 

3.3   SURFACE RMS PITOT PRESSURE 

With the inherent limitation of the probe in mind, the feasibility of 
using the fluctuating pressure rather than a steady-state pressure 
response as a detection technique was investigated during the Tunnel 4T 
test.   It is a well-known fact that the transition region is characterized 
by an increase in the level of pressure fluctuations in the lower frequency 
range.   This fact was confirmed by the unfiltered plot of the rms pres- 
sure profile using the X-Y recorder.    The technique consisted of using 
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an R-C-coupled rms voltmeter to measure the rms output of the probe 
pressure transducer in the frequency range from. 2 Hz to the cutoff fre- 
quency of the probe, which was approximately 50 Hz.    The rms level was 
converted to a proportional d-c level and recorded versus probe position 
on a second X-Y plotter.    Typical rms pressure profiles are shown in 
Fig.   10 and compared with unfiltered steady-state pressure profiles. 
The steady-state pressure profiles indicate the very low frequency fluc- 
tuations in the transition region that were discussed previously.   Note 
that the rms pressure profiles reveal a well-defined peak in an area 
roughly defined as between the center of the transition region and the 
minimum in the steady-state pressure profiles.    The point of primary 
significance, however,  is-that the rms peak exhibits excellent resolution 
for the higher Reynolds numbers. 

There was one basic limitation to the rms detection technique that 
precluded its use for this current study.    This limitation was essentially 
a dynamic pressure lag error which is similar to a static pressure lag 
error.    It is reasonable to conclude that this dynamic error is the reason 
that the rms peak did not occur at a more central location in the transi- 
tion region as was expected.   To eliminate this dynamic skew error,  a 
probe with a close-coupled, subminiature transducer will have to be 
designed,  and a reduction in the traversing rates will be required.    It 
has been demonstrated,  however, that the technique has sufficient merit 
to justify further study. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1   TEST SECTION WALL BOUNDARY-LAYER CHARACTERISTICS 
IN TUNNEL 16T 

The variation of the boundary-layer parameters,  6* and 9, with unit 
Reynolds number at Station 12 (see Fig.   1) for the east and bottom test 
section wall for a wall angle of 0 deg is presented in Fig.  11.    The effect 
of wall angle,  0W,  on 6* and 0 at Station 12,  and for Mach numbers 
greater than 1. 0 is presented in Fig.   12.    Data obtained for the north and 
top test section walls at Station 12 indicated that symmetry in the boundary- 
layer parameters did exist between opposing test section walls.    The 
boundary-layer parameters obtained for the east and bottom test section 
wall at Station 0,  although of slightly smaller magnitude,  showed the 
same trends as those at Station 12.   The figures show that the boundary- 
layer parameters were invariant with changes in unit Reynolds number 
and show an increase in magnitude of the parameters as the sidewalls 
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were diverged.    The east wall exhibited a slightly greater magnitude of 
the boundary-layer parameters for all wall angles throughout the Mach 
number range similar to that shown in Fig.   13 at Station 12,  and for 
0-deg wall angle.    Figure 13 shows also that the magnitude of 6* and 0 
gradually decreased with increasing Mach number up to a Mach number 
near 1. 05 and then gradually increased with increasing Mach number. 
The magnitude of the shape factor,  6*/0, gradually increased with in- 
creasing Mach number throughout the Mach number range. 

4.2  TRANSITION 

The variation of the nondimensionalized transition location, x^/&, 
with unit Reynolds number and with free-stream Mach number for Tun- 
nels 16T and 4T is shown in Fig.   14.    Wall porosity is fixed at 6. 0 per- 
cent in 16T and set at 6. 0 percent in 4T.    Also presented in Fig.   14 are 
the effects of varying Tunnel 16T test section wall angle on transition 
location.    The most forward transition location for which data are pre- 
sented generally represents the limiting Reynolds number for which 
transition could still be determined as described in Section 3.2.   In 
general,  a study of Fig.   14 reveals that (1) transition location varies 
logarithmically with unit Reynolds number for both tunnels in the Reynolds 
number range of this test; (2) diverging the test section wall angle in 
Tunnel 16T caused the transition location to move aft on the cone; and 
(3) the transition location was farther aft in Tunnel 16T than in Tunnel 4T, 
although the difference decreased with increasing unit Reynolds number. 

A comparison of transition location obtained for the 6-percent test 
section wall porosity setting and at settings considered optimum for wave 
cancellation in Tunnel 4T is presented in Fig.   15 for Mach numbers 1. 0 
and above.    The available test time did not permit a systematic investi- 
gation of the effects of wall porosity on transition.    However, trends in 
the data of Fig.   15 indicate that transition location in general probably 
moves forward with increasing wall porosity. 

No attempt was made to measure or correct the angle of attack of 
the cone caused by flow angularity.    Transition data were obtained for a 
cone angle-of-attack range from -1 to 1 deg in Tunnel 16T at Mach num- 
ber 0. 80 and a unit Reynolds number of 3. 35 million to determine the 
sensitivity of transition location to flow angularity.    These data are pre- 
sented in Fig.   16 and exhibit a fairly linear variation of transition loca- 
tion with angle of attack up to l/,2 deg where a reverse trend occurs with 
further increase in angle of attack.   Assuming that flow angularity would 
fall within the range of ±1/2 deg, the error in transition location would 
fall within the range of ±0. 72 in. per degree of flow angularity. 
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The best fit straight lines that are shown in Fig.   14 were used to 
determine the variation of the transition location with Mach number for 
three different fixed unit Reynolds numbers as shown in Fig.   17.   In 
General, the transition location moved forward with increasing Mach 
number in both tunnels with a faster rate of change indicated in Tunnel 4T. 

The variation of transition Reynolds number with unit Reynolds num- 
ber is shown in Figs.   18 and 19 for Tunnels 16T and 4T,  respectively. 
Both tunnels exhibited a negative slope of the characteristic curves for 
Mx,, < 1. 0.    For M„ > 1. 0, the slope alternates between positive and 
negative for different Mach numbers.    In contrast,   the results of Ref. 2 
indicated that the slope was always positive for supersonic Mach num- 
bers. 

4.3  ACOUSTIC CHARACTERISTICS 

The acoustic noise levels measured on the surface of the 10-deg 
cone can be influenced by either of two sources:   one, the far-field pres- 
sure disturbances that are -controlled by the test section walls and tun- 
nel flow noise,  and two, the near-field pressure disturbances that are 
controlled by the cone boundary-layer characteristics.    To evaluate the 
acoustic measurements,  it is necessary to isolate the source or sources 
that are controlling the overall rms noise levels.    This can be done by a 
comparison of the overall levels and also the frequency spectra as meas- 
ured by the two cone transducers relative to the location of the transition 
region.    The acoustic data presented and discussed in the sequel were 
taken with the pitot probe in the fully retracted position.    This was 
necessary since it was determined that the noise levels measured on 
the cone surface varied with probe position when the probe was extended. 

In an attempt to isolate the disturbances generated by boundary-layer 
transition from those generated by tunnel noise, the overall rms noise 
levels measured in Tunnel 16T at the two transducer positions on the 
cone are plotted and correlated with transition location as shown in 
Figs,  20 and 21.   A study of Figs.  20 and 21 reveals that when the noise 
levels are low {i. e.,  ACp = 1. 0 percent for MB > 1. 0) the overall levels 
are slightly higher in the transition region.   When the noise levels are 
high (i. e., ACp > 1. 0 percent and M^ < 1. 0) the overall levels are rela- 
tively invariant with transition location. 

A representative comparison of the differences in the frequency 
spectra relative to transition location for M^ = 0. 75 and 1. 10 is shown 
in Figs.  22 and 23, respectively.   In general, for subsonic Mach num- 
bers,  and because of the predominately high level in the 600- to 700-Hz 
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band, the level of the frequency spectra at frequencies above 600 Hz, as 
measured by both the forward and aft transducers, was invariant with 
transition location.    For supersonic Mach numbers the level of the spectra 
was invariant above 2000 Hz.   A comparison of the spectra at the lower 
frequencies indicates that the noise levels in the transition region are 
higher than the levels behind the transition region.   Unfortunately, a 
comparison of the spectra in the region forward of transition is not 
available.   As expected, when the transition Location was forward of 
both transducers, the noise levels measured by both transducers were 
identical throughout the frequency spectra. 

Based on this analysis it appears that the use of a low frequency 
bandpass filter on the output of the cone transducers should enable the 
detection of the location of transition.    Further,  if the location of transi- 
tion is not known and the overall noise levels are such that ACp > 1. 0 per- 
cent, then the free-stream acoustic levels measured on a 10-deg cone 
are best represented by the most aft transducer or the one most likely 
to be always in the turbulent boundary layer.   If the transition loca- 
tion is known, however,  a transducer location forward of the transition 
region or in the laminar boundary layer is preferable for measurements 
of flow noise. 

A comparison of the noise levels in the two tunnels is shown in 
Fig.  24.    Note that the levels are higher in Tunnel 16T for subsonic 
Mach numbers and in Tunnel 4T for supersonic Mach numbers. 

4.4  CORRELATION OF TRANSITION AND NOISE 

It has been shown in Ref.  2 that in supersonic tunnels the radiated 
noise from the test section wall boundary layer affects the transition 
Reynolds number.   It is of considerable interest to determine if a similar 
cause and effect relationship exists in transonic tunnels.   Although the 
test objectives in Tunnels 16T and 4T were not intended to specifically 
isolate the influence of noise on transition, the noise levels were meas- 
ured simultaneously with the measurement of the location of boundary- 
layer transition.    Thus,  since it was concluded in Section 4. 3 that the 
overall rms levels measured on the 10-deg cone were controlled by the 
tunnel noise (both wall and free-stream), it should be possible to show 
an indirect correlation of noise and transition, if such a correlation 
exists. 

The variation of transition Reynolds number with noise level is ob- 
tained by cross plotting the variation of transition Reynolds number with 
Mach number for fixed unit Reynolds number, and the variation of noise 
level (nondimensionalized by total pressure in this case) with Mach number 

10 
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for the same unit Reynolds numbers.    The results of analyzing the data 
in this manner are shown in Fig.  25.    The curves represent the best fit 
of the interpolated data points and reflect the general trends over the 
Mach number range from 0. 60 to 1. 00.    Note that in both tunnels there 
is a corresponding decrease in transition Reynolds number with in- 
creasing noise levels.    Note also that the Tunnel 16T noise level- 
transition Reynolds number characteristic shows an inverse dependence 
on unit Reynolds number, whereas Tunnel 4T characteristics are rela- 
tively invariant.   In both tunnels, however, the slope tends towards zero 
as unit Reynolds number is increased.    This fact indicates that the sensi- 
tivity of transition to test section noise decreases with increasing unit 
Reynolds number. 

There is definite indication shown in Fig.  25 of a dependence of 
transition Reynolds number in a given tunnel on test section noise levels. 
When comparing tunnels,  however, the level of Re^ in Tunnel 1ST is 
higher than in Tunnel 4T even though the noise level is also higher. 
Although this appears to contradict the previously reached conclusion on 
the transition versus noise correlation,  it is felt that this difference can 
be attributed to differences in turbulence levels or test section size. 

In Tunnel 16T, the compressor stator blade angle is used for primary 
control of subsonic Mach numbers.    With the use of plenum suction,  it is 
possible to change the blade angle by a slight amount,  and still maintain 
the same test section conditions.    The effect of varying the stator blade 
angle for a number of subsonic Mach numbers was detected by a well- 
defined shift in the frequency spectra as measured on the 10-deg cone. 
There was no change in the transition location,  however,   and no correla- 
tion was found between transition and blade angle. 

The foregoing analysis and discussion of the correlation of noise and 
transition are limited by the fact that the evaluation of the relative turbu- 
lence levels was not included and also by the fact that a change in the 
noise levels was accompanied by a change in the tunnel operating condi- 
tions.    Future studies should include instrumentation to measure the 
turbulence levels as well as the noise levels and equipment to generate 
a pure acoustic disturbance in the test section. 

SECTION V 
CONCLUDING REMARKS 

The transition Reynolds number and acoustic characteristics have 
been measured in Tunnels 16T and 4T using a 10-deg cone.   In addition. 

11 
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the wall boundary-layer characteristics were measured in Tunnel 16T. 
Based on an analysis of the results of these measurements, the follow- 
ing conclusions were reached; 

1. Boundary-layer transition location on the 10-deg cone 
varied logarithmically with unit Reynolds number. 

2. Diverging the test section wall angle (increasing test 
section wall boundary-layer thickness) in Tunnel 16T 
caused the transition location on the cone to move aft. 

3. The boundary-layer transition location was farther aft 
in Tunnel 16T although the differences between the two 
tunnels decreased with increasing Reynolds number. 

4. Trends indicated that the transition location on the cone 
in Tunnel 4T tended to move forward with increasing 
wall porosity. 

5. Transition Reynolds number decreased with increasing 
Mach number in both Tunnels 4T and IßT with Tun- 
nel 4T indicating a higher rate of change. 

6. Transition Reynolds number decreased with increasing 
unit Reynolds number for M,,, < 1. 0 and alternated be- 
tween decreasing and increasing for yia > 1. 0. 

7. The boundary-layer acoustic level,  as measured on the 
cone surface, is relatively unaffected by transition loca- 
tion for subsonic Mach numbers. 

8. Both Tunnels 4T and 16T exhibited a decrease in transi- 
tion Reynolds number with increasing noise level. 

9. The sensitivity of transition to test section noise 
decreased with increasing unit Reynolds number. 
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