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Reynolds number based on airfoil chord and
free-stream conditions

local velocities in x,z directions

airfoil coordinates, see figure 1, cm (in.)

shock location

test section coordinates, see figure 4, cm (in.)
distance from wall, cm (in.)

(instantaneous pressure) - (mean static pressure)
incremental quantity

rms value

angle of attack, deg

sidewall boundary-laver displacement thickness

sidewall boundary-layer displacement thickness
for ﬁz(l) =ﬁ1(2) =0

conditions at buffet onset
lower surface

nominal or design value
upper surface

free-stream value

NOMENCLATURE
span of airfoil, cm {in ) Re, o
chord of airfoil, cm (in.)
TRY
section normal force coefficient,
1 X,z
f (CPQ - Cpu)d(x/c)

0 Xsh
pressure coefficient (p - poo)/q.. Xz
pressure coefficient at sonic velocity ¥y
frequency, Hz AP
reduced frequency, 2nfc divided by free-stream A( )

velocity
«y
mass {low rates through sidewall boundary-layer
removal panels (see fig. 4) a
tunne! mass flow rate 5*
Mach number 55
static pressure, N/m? (1b/ft?)
Subscripts
pitot pressure, N/m? (Ib/ft?)
B
total pressure, N/m? (Ib/ft?)
¢
dynamic pressure, N/m? (Ib/f1?)
N
Reynolds number
u
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SUMMARY

An experimental study has been conducted of the supercritical flows at high subsonic speeds over a
NACA 0012 airfoil in order to acquire aerodynamic data suitable for evaluating numerical-flow codes. The
measurements consisted primarily of static and dynamic pressures on the airfoil and test-channel walls.
Shadowgraphs were also taken of the flow field near the airfoil. The tests were performed at free-stream Mach
numbers from approximately 0.7 to 0.8, at angles of attack sufficient to include the onset of buffet, and at
Reynolds numbers (based on airfoil chord) from 1 million to 14 million. A unique test section was employed
which was designed specifically to obtain two-dimensional airfoil data with a minimum of wall interference
effects. Boundary-layer suction panels were used to minimize sidewall interference cffects. Flexible upper
and lower walls allowed test-channel area-ruling to nullify Mach number changes induced by the mass
removal, to correct for longitudinal boundary-layer growth, and to provide contouring compatible with the

LU O S
streamlines of the model in free air.
INTRODUCTION

The rapid advances in computer technology have
prompted similar advancements in computational methods to
the extent that computers are now routinely used to comple-
ment the wind tunnel in the development of new aerospace
vehicles. However, the continued development of computa-
tional methods requires experimental studies to suggest
better turbulence models and to provide test cases for eval-
uating new codes. In response to this need Ames Research
Center has acquired the High Reynolds Number Facility,
which is being used to perform basic fluid dynamic studies in
support of numerical code developments. This facility con-
sists of two major test channels, HRC-1 and HRC-2, which
are described in detail in references 1 and 2. The present
experimental study documents the high subsonic, locally
supercritical, flows about a two-dimensional airfoil.

Two-dimensional airfoil test data at moderate to large
Reynolds numbers (where natural transition is far forward on
the airfoil) which are sufficiently accurate to be useful in
evaluating numerical codes are virtually nonexistent. The
primary probiem is wall interference. Usually, test results are
assigned “coirected” Mach numbers and angles of attack.
This procedure is undesirable if the data are to be used in
critical assessments of numerical methods. To correct this
situation the first test section for use with the facility HRC-2
channel was designed to minimize wall-interference effects.
Sidewall boundary-layer removal is used to minimize the
sidewall interference effects. The shapes of the upper and
lower walls are adjustable so that Mach number changes asso-
ciated with the sidewall mass removal and boundary-layer
displacement effects can be nullified and to allow streamline
contouring compatible with the aizfoil in free air. The success
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of this approach was demonstrated in reference 2. The first
airfoil chosen for testing in the facility was the NACA 0012,
which has long been a standard for evaluating wind tunnel
test techniques and computational methods and for making
comparisons between data obtained in different wind tunnels
throughout the world.

The present tests were confined to high subsonic speeds at
which the airfoil creates locally supersonic flows terminated
by shock waves. The test program included both mean and
dynamic pressure measurements so that the often overlooked
unsteady flow aspects could be included. In particular, the
onset of buffet at high subsonic speeds was carefully
delineated.

APPARATUS AND TECHNIQUES

Model

The symmetrical NACA 0012 piofile is shown in figure 1
together with a tabulation of the streamwise locations where
measurements of static and dynamic pressures were made. As
noted in this figure, the model deviates from the theoretical
shape near the trailing edge for practical reasons. A sketch of
the model installed in the test section is shown in figure 2.
The angle-of-attack rotation is about the airfoil midchord.

The mode! was machined from stainless steel. The devia-
tion between measured (near the midspan where the pressure
orifices were located) and design coordinates was small, never
exceeding Az/c = 0.0005 and usuallv less than 0.0002. These
small deviations should not noticeably affect the results. The
static pressure orifices were 0.03 cm in diameter and con-
nected to individual differential pressure transducers located
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in ins. 1ted containers vented to the atmosphere. These ¢ n-
tainers were located as near as possible to the test section.
and the length of tubing from orifice to transducer was less
than 0.6 m. The dynamic pressure transducers were buried in
the model with the diaphragm about 0.13 ¢cm from the sur-
face, and the orifice diameter was about 0.18 ¢m. The refer-
ence pressure sides for these transducers were connected to
adjacent (same Xx/c) static pressure orifices by employing
sufficient lengths of tubing to provide ad. quate damping so
that the transducers responded only to duviations from the
mean.

Facility

The facility and techniques for obtamning two-dimensional
airfoil data with a minimum of wall interference effects is
described in reference 2. A briei review 1s presented here.

The facility is of the blowdown type, discharging into a
large vacunm sphere for low totul pressure runs (P below
about 2 atm) and into the atmosphere for large total pressure

uns (Prabove about 2 atm). A schematic of the new facility
is shown in figuic 3, aud details of the airfoil test section are
presented in figure 4. The test Mach number is controlled by
the adjustable throat at the downstream end of the test sec-
tion. Sidewall vent panels (perforated plates) located just
upstream of this throat maintain the “test cabin” pressure
essentially at free-strcam static pressurc This alleviates the
structural strength and rigidity requirements for the test-
section walls and facilitates the use o” large viewing ports for
making shadowgraphs and laser velocimeter measurements.

Upper and lower wall interference effects on the airfoil
flow field can be elimnated, at least in principle, by contour-
ing the walls to follow the streamlines in free air at a specific
test condition. For the present tests an airfoil code was used
to compute the streamline shapes for walls initially located
1.5 airfoil chords above and below the model. No attempt
was made to further adjust the wall contours based on
experimental measurements, as is done in the “adaptive wall”
approach. However, since solid wails are involved, the appro-
priate boundary conditions can easily be incorporated in
numerical methods when the test data are used to evaluate
codes.

Sidewall interference effects are reduced by thinning the
sidewall boundary layer by suction at two sets of porous
panels (one set near the entrance to the test section and the
other as near as possible to the model}, each set operating
separately from the other. The suction is provided by the low
pressure in the downstream diffuser; the mass-removal rate is
controlled by throttling valves and monitored at venturi sec-
tions (see lower right-hand portion of fig. 3). Mass removal
alters the longitudinal Mach number distribution in the test
channel, but this can be nuilified by appropriate adjustments
in the upper and lower wall contours (refs. 2 and 3).

The source of high-pressure dry air is the 930-m® Ames
Underground Air Storage Facility, pressurized to
2X107 N/m? (3,000 psi) and mamntained at ambient tempzra-
ture. With the present test section, the maximum mass flow
rate available 1s about 360 Kg/sec (800 lb/scc), for which the
unit Reynolds number at subsonic speeds is about 10%/m and
airfoil test data can be acquired in the Reynolds numniber
range, based on chord length of 20.3 ¢m (8 in.), from about
1% 10% to 20X 108, The corresponding available test run times
range from about S min to 1 min. High-frequency pressure
transducers and hot wire anemometers were used to measure
pressure and velocity fluctuations in the test section. Typical
results are presented in table 1.

A single-pass shadowgraph system was installed as shown
n figure 5. Because of the limited space available inside the
test cabin, the light source (steady illumination for motion
pictures, spark illumination for still photography) was
located «utside the cabin, the light entering through a small
window. The light beam is collimated by a spherical mirror,
folded once, and then directed into the test section. For
spark-illuminated shadowgraphs a motor-driven film maga-
zine from an aerial-type camera (20-cm by 23-cm photo-
graphs) was mounted near the test section window as shown
in figure 5. For motion pictures the light beam exits by tra-
versing a similar path on the far side of the test section with
the camera located outside the test cabin.

Tests and Procedures

The flow phenomenon chosen for study here is the super-
critical flow about the airfoil at high subsonic speeds. An
important and necessary part of the investigation was the
determination of the onset of unsteady flow (buffet) as
affected by test Mach number, Reynolds number. and model
angle of attack. For each test condition the experiniental
technique used required that the upper and lower walls be
adjusted mechanically at the seven jacking stations shown in
figure 4. Since ihe wall contouss could not be changed while
the tunnel was running, tlic test program evolved around a
series of nomunal test conditions, referred to as “‘data sets,”
as shown in figute 6. The data sets are numbered in the
chronological order that the test program progressed.

Measurements were made at Reynolds numbers (based on
chord) ranging from 1 to at least 10 million. No attenipt was
made to fix transition on the model. However, a few oil-film
tuns were made which provide qualitauve information
regarding transition Reynolds number. A thin oil film was
applied to the model surface, and post-run inspection indi-
cated turbulent transition wedges (easily recognized by their
10° spreading angle) occurred in the vicinity of small rough-
ness elements ur surface irregularities near the model leading
edge for a certain range ot Reynolds number. Based on these
observations the transition Reynolds number for the present
tests was estimated to --ccur between Reynolds numbers of
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1 and 2 million. Since the condition of the model surface is
critical in maintaining laminar flow, changes with time, and is
difficult to monitor, particularly in the absence of boundary-
layer surveys, the emphasis in this study will be on the data
acquired at high Reynolds numbers. Specifically, the test
data at Re; oo = 10 milhon will be considered to be the most
appropriate for usc in evaluating codes.

A detailed description and calibration of the test section is
given in reference 2. The recommended mass removal rates
for the sidewall suction panels (see fig. 4) are 3% cf the
tunnel mass-flow rate at the first statior. (rh(” =0.03 m7)
and 0.8% at the second swauwn (25, = 0.008 rny). The
effectiveness of the mass removal in reducing the sidewall dis-
placement thickness of the boundary layer is illustrated in
figures 7 and &.

The upper and lower wall contours used for the six data
sets required inputs from three sources: First, a mean shape
correction was required to offset the test section boundary
layer growth in the model testing region. For Mach number
and Reynolds number ranges of the present tc s, ramp
angles of 0.38° were to be applied as shown in figure 9.
Second, wall changes were necessary to offset the effects of
sidewall mass removal. These changes (see figs. 9 and 10)
vary with the test Mach number, but were not sensitive to
Reynolds number, at least within the accuracy of the calibra-
tions tests of reference 2, provided that the mass removal
rates are large, as in the present case. Third, the walls were
contoured to conform to the streamlines of the model in free
air, at a height of approximately 1.5 chords, as computed by
Deiwert’s method (refs. 4 and 5) for a Reynolds number of
10 million (see fig. 11 and tabulated values in table 2).

The free-stream test Mach number (corresponuing to
x/c = -) was determined as follows: The local Mach number
near the side wall of the test channel directly ahead of the
wing and at station X/c = -3 (fig. 4) was evaluated from mea-
surements of total and static pressures. A Mach number more
representative of that near the center of the test channel was
then obtained by correcting for a slight variation in local
Mach number across the channel (a residual effect from the
uneven flow in the bellmouth entrance to the test section).
This correction was AM = -0.003. Finally, the influence of
the test model on the measurements at tunnel station
X/c = -3 was estimated by Deiwert’s numerical method and
the appropriate corrections (see table 3) were applied.

The measurement of airfoil static pressure employed
trinsducers located outside the test section, but close to the
air: il (see discussion in “Model” section), and the response
time (to reach 99.9% of the true value) was about 1 sec. Two
transducers of exceptional accuracy were used to measure
the test channel static and total pressures at station X/c = -3
(fig. 4) and were also used to calibrate the remaining trans-
ducers immediately before each test run. Error analyses indi-
cated that the airfoil pressure measurements were accurate to
$0.002 Pr and the free-stream Mach number was accurate
to +0.002.

The onset of buffet was determined by recording on tape
the signal output from the dynamic pressure transducers
(fig. 1) as the model angle of attack (“a sweep’) or Mach
number (“Mach sweep™) was changed. Post-run displays of
the signals using various combinations of tape- and chart-
recording speeds were made to view the swnal envelopes and
wave forms (see examnle presented in fig. 12). I ne onset of
buffet is easily discernable by *his technique since the enve-
lope of the dynamic pressure measurements when the flow
becomes unsteady (as verified by high-speed shadowgraph
movies) grows in essentially linear fashion with angle of
attack. “Buffetting” (structural response) was not involved in
the present tests.

RESULTS AND DISCUSSION

The experimental results of this investigation consist of
surface pressure measurements, surveys to define the onsct of
buffet, and flow-field shadowgraphs. Separate presentations
will be made beginning with the surface pressure measure-
ments, which were all conducted in the steady flow domain.

Surface Pressure Measurements

Surface static-pressure measurements on the model and at
the test-channel sidewall for the six data sets (fig. 6) are pre-
sented in figures 13-18 It is important to note that for the
airfoil data presentations the origin of x is at the airfoil lead-
ing edge whereas for the sidewall measurements the origin for
X is at the airfoil midchord (center of rotation) (see figs. 1
and 4). The nominal Mach number, angle of attack, and
Reynolds number (Mp;, apy, Rec oo ) in figures 13-18 refer
to the values used in defining the test channel upper and
lower wall contours (see earlier discussion in Tests and Pre-
cedures section). The effect of Reynolds number on airforl
pressure distributions is large at low values of Reynolds num-
ber but quite small above about 6 or 8 million. Since the
streamline shapes used as a basis for wall contouring were
estimated for a Reynolds number of 10 million, and since the
accuracy of the test program increases with increasing total
pressure, it is recommended that the Reynolds number test
data for 10 million be used in evaluating numerical codes.
The data at low Reynolds numbers have been included as a
matter of interest and to show primarily where Reynolds
number effects are large and where effects are small.

A few test runs were made at conditions *‘off-design’ with
regard to the upper and lower wall contouring to obtain a
feehing for the sensitivity of the present airtoil pressure mea-
surements to wall contouring. The effects of being off-design
in the angle of attack or in the Mach number are shown in
figures 19(a) and (b), respectively. For the test 1esults pre-
sented in figure 19(a) the wall contouring used was based on
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the streamlines shown in figure 11(a). The open data symbols
in figure 19(a) represent ‘‘on-design” test data in that the test
values of Mach number, angle of attack, and Reynolds num-
ber agree with the nominal values (design values) used to
obtain the streamlines employed in the wall contouring (the
data set 1 streamlines of fig. 11(a)). The closed symbols in
figure 19(a) represent off-design test data since the test angle
of attack (a = 2°) differed from the nominal value (ap; = 0°)
used in obtaining the streamlines (data set 2 of fig. 11(a)) for
the wall contouring. The test data reflect the appreciable
differences in wall contouring. For figure 19(b) the stream-
line input to the wall contouring were those shown in
figure 11(c) and the a = 2° streamlines of figure 11(a). The
open symbols in figure 19(b) represent on-design test data
(the test Mach number, angle of attack, and Reynolds num-
ber agree with the design values) while the closed symbols
represent off-design test data since the test Mach number
(M = 0.775) differed from the design value (M, = 0.750).
In this case the differences in contouring were small and the
experimental pressure measurements reflect this. The test
results presented in figure 19 could be used as test cases in
numerical studies of wall interference effects. It should be
kept in mind that solid test channel walls can easily be
included in numerical methods and that 1t is not necessary
for the test data to represent free-air conditions in order to
be useful in evaluating numerical nethods. However, the
availability of “free-air” (or nearly so) data is to be preferred
to avoid dealing with the uncertainties of wall-interference
effects.

The sidewall boundary-layer effect on the airfoil pressure
measurements was evaluated by comparing test results with
and without the use of the sidewall mass removal systems.
The normal force coefficient

1
Cp, = J; (G = Cp, MiCxfe)

is easily integrated with good accuracy and when it is normal-
ized with respect to the angle of attack it may be used as
shown in figure 20 to demonstrate the loss in lift due to the
presence of the sidewall boundary layers. The displacement
thickness values, §*, were the average of the values (deduced
from pitot rake surveys) measured just ahead of, and behind,
the airfoil (see fig. 4). The basic data presented in this report
(figs. 13-18) were obtained with #r;) = 003 iy and
My = 0.008 T, and the normal force coefficient is about
3% Jow, assuming that extrapolation to §* = 0 is permissible.
When no sidewall mass removal is made (1)) = (3 = 0),
the normal force is in error about 15%,

The normal-force coefficients, per degree of angle of
attack, taken from data sets 1, 4, 5, and 6 for
Rep oo = 10X10%, arc presented in figure 21 and are com-
pared with corrected data from reference 6. Also included in
this figure is a theoretical incompressible flow prediction

with Karman-Tsien scaling (applicable only for subcritical
flows) taken from reference 7. The corrected data from refer-
ence 6 provides a reasonable estimats for free-air values of
Cp/a. The present tests give slightly lower values, but by
about the amount of a small sidewall interference effect
discussed above.

Buffet

The present technique for determining the onset of
unsteady flow was illustrated in figure 12. The envelope of
the dynamic pressure measurements grows in essentially
linear fashion with angle of attack in the unsteady flow
regime so that the angle of attack where buffet started is
easily discernible.

The buffet onset surveys were made at all of the test
setups (data sets) shown in figure 6 except for setup no. 2.
The nominal or “design” angles of attack for data sets 4, 5,
and 6 are very close to the buffet region, and the buffet
onset data should not be subject to appreciable off-design
effects. Typical post-run data displays are presented in fig-
ures 22-24 for data set 5 (M = 0.775, apy = 2°). Envelopes
of the pressure deviations from the mean and the model
angle of attack are presented in figure 22(f) for upper surface
measurements at x/c = 0.5 and 0.8. Wave forms at o = 4°,
which is well into the unsteady domain, are presented in
figure 23 and a comparison of upper and lower surface wave
forms is presented in figure 24. All of the buffet onset mea-
surements made at Reynolds nuinbers from 1 to 10 million
are summarized 1n figure 25. These measurements were
obtained from “a sweeps” except for the two points at
o = 0° included in figures 25(e) and 25(f), which were
obtained by “Mach number sweeps.” Although the angle of
attack remained fixed (exactly at 0°) during the Mach num-
ber sweeps, the test Mach number did vary slightly during the
a sweeps because of the change in stream momentum which
affects the behavior of the speed control (see fig. 4). In
figure 25 the open symbols refer to data obtained with the
midchord (x/c = 0.5) sensor and the closed symbols refer to
the sensor near the trailing edge (x/c = 0.8). During pitchup
o sweeps at low Reynolds numbers, the midchord sensor sig-
nals buffet onset before the aft sensor responds, indicating
that the origin of the unsteady phenomenon is nearer to the
midchord than to the trailing edge. However, at high
Reynolds numbers (greater than about 6 million) both sen-
sors respond in similar fashion. High-speed shadowgraph
motion pictures show that an intermittent shock-induced
separation of the boundary layer occurs near the midchord at
angles of attack coincident with the buffet onset measure-
ments. Thus it would be appropriate to label the buffet
phenomena observed here as “shock-induced.” In figure 25
the unflagged symbols refer to model pitchup, the flagged
symbols to pitchdown. A hysteresis effect is not discernible
from these tests.
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The pressure wave forms in the buffet region were invari-
ably erratic at low Reynolds numbers (less than about 6 mil-
lion), but at large Reynolds numbers the cyclic nature and
frequency were well defined. The reduced frequency param-
eter 2nfc/U,, measured during buffet at a Reynolds number
of 10 million are tabulated in table 4.

Shadowgraphs

Spark-illuminated shadowgraphs of the upper, aft flow
fields at Reynolds numbers ranging from 1 to 10 million are
presented in figures 26-30. The clarity of the photographs
diminish markedly with increasing Reynolds number because
of the increased turbulent activity, particularly at the edges
of the sidewall boundary layers. Shadowgraphs illustrating
the effect of angle of attack on the flow fields are presented
in figures 31-33. The nominzl (or “design’) test Mach num-
ber and angle of attack (Mp, ap) for which the upper and
lower walls were contcured are included in the figure titles
together with the angle of attack for buffet onset (from
fig. 25).

Although the clarity with which these photographs dis-
play the flow phenomenon diminishes with departure from
the nominal angle of attack, ap;, some observations can rea-
sonably be made. First of all, these photographs, as well as
high-speed motion pictures, show that the onset of buffet
coincides with the change from normal shock to an intermit-
tent shock-induced separation of the boundary layer. When
the airfoil is in the steady flow regime, but near buffet onset,
an increase in either the free-stream Mach number or angle of
attack will increase the local Mach number ahead of the
normal shock until, ultimately, the boundary layer can no
longer tolerate the shock-induced pressure recovery, and
separation occurs. With separation an oblique shock wave
forms and, in effect, the airfoil shape is altered (akin to the
upward deflection of a trailingedge flap), which tends to
slow down the upper flow field. This causes the flow ficld to
return to its original configuration - hence the intermittent
phenomena. At moderate to large angles of attack, the inter-
mittent, shock-induce¢ separation phenomena may only
occur on the leeward surface, as the windward flow field is
too far removed from buffet onset to separate (in fact, in
some cases the lower flow field may be everywhere subcriti-
cal), although the consequences of the upper flow field oscil-
lations are felt globally. When buffet occurs at, or near,
a = 0°, the unsteady phenomena are similar in the upper and
lower flow fields, but 180° out of phase.

The effect of angle of attack on the chordwise location of
the base of the shock wave in the steady flow regime is

shown in figure 34. The shock location was deduced from
flow-field shadowgraphs and from pressure measurements.
When the angie of attack is increased from zero, the shock
first moves downsiream, then upstream, and eventually
buffet begins.

CONCLUDING REMARKS

The tests described were performed to obtain data suita-
ble for evaluating numerical fiow-simulation codes. Emphasis
was placed on measurements at high subsonic speeds near the
buffet region. The onset of the buffet, as affected by free-
stream Mach number, angle of attack, and Reynolds number,
was included in the study. and this information also can be
used as a test case for evaluating codes. Test data were
obtained over a wide range of Reynolds numbers, but the
measurements at Reynolds numbers of 10 million are consid-
ered to be the most appropriate for evaluating codes.

The tests were performed in a new test leg for the Ames
High Reynolds Number Facility, and a unique test section
was used which has provisions for minimizing wall interfer-
ence effects. By using sidewall suction the boundary-layer
displacement in the vicinity of the test model was reduced by
about 75% and the reduction in airfoil normal force due tc
sidewall boundary layers was determined to be less than
about 3%. Interference by the upper and lower walls was
minimized by contouring to conform with streamlines of the
model in free air as estimated by an airfoil code that includes
viscous effects. Since solid walls were used, the representa-
tion boundary condition of tangential flow can casily be
included in the numerical methods. Comparisons of solutions
with and without wall boundaries would be helpful in deter-
mining, qualitatively at least, if appreciable interference
effects are present. It is not necessary, of course, to use free-
air data to evaluate codes, but this is to be preferred to avoid
dealing with the uncertainties of wall-interference effects. It
should be understood that the wall shapes to be used as invis-
cid boundaries in numerical simulations are the streamlines
presented in figure 11 and are not the actual wall shapes
used, which included inputs from the test-section caiibration
(internal area ruling to offset 'ongitudinal Mach number
changes due to mass removal and boundary layer displace-
ment growth) performed to obtain a aniform test medium.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field. California 94035, February 1985
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TABLE 1.— TRST-SECTION
PRESSURE AND VELOCITY
LEVELSZ M, =038

PT‘ N/m? Ogoo | WUy
1.4X10° 0.02 0.0046
2.8X10° 0.02 0.0050

OMeasurements by F. K.
Owen of Complere, Inc.;
NASA Contract NAS2-10859.



TABLE 2. FREE-AIR STREAMLINES (see fig. 11)

Azfc Az/c
i/c /?/C T
Upper wall | Lower wall Upper w2t ]L Lower wall
Data set 1 ;MN =075, ay= 2° Data set 4;MN =0.80, ay = 1°
-425 0 0 -4.25 6 0
-2.50 .0063 0050 -2.50 .0050 .0013
-1.25 0200 0110 -1.25 0154 .0018
-.50 0308 0070 -.50 0250 -.0041
0 0308 0025 0 0269 -.0085
S50 0210 0 50 0194 -.0079
1.25 0045 -.0030 1.25 .0066 -.0056
2.50 -0138 - 0150 250 | -0075 -.0081
355 - 0230 -.0235 3.55 -.0133 - 0115
4.79 -.0320 -.0300 4.79 -.0183 -.0159
Data set 2; My =0.75,ap, = 0° Data set 5: M, = 0.775, a5, =2°
-425 0 0 -4.25 0 0
-2.50 .0031 -.0031 -2.50 .0063 0us6
-1.25 .0080 -.0080 -1.25 .0209 0115
-.50 0145 -.0145 -.50 0321 .0074
0 0180 - 0180 0 0321 0026
50 0145 -.0145 50 0220 0
1.25 .0080 -.0080 1.25 .0048 -.0031
2.50 0038 -.0038 2.50 0138 -.0150
355 0012 - 0012 355 -.0240 -.0246
4.79 .0010 - 0010 4.79 -.0322 -.0328
Data set 3; M, = 0.80,ap, = 0° Data set 6; My, = 0.725, ap = 4°
-425 0 0 -425 0 0
-2.50 0034 - 0034 -2.50 0094 .008¥
-1.25 0088 -.0088 -125 0308 0288
-.50 0160 -0i60 S0 0451 0274
0 0199 - 0199 0 0418 0216
50 0160 - 0160 50 0264 0138
1.25 0088 -.0088 1.25 .0038 0013
2.50 .0040 -.0040 2.50 -.0238 -.0250
3.5 0014 -0014 355 -.0438 -.0451
4.79 0012 -.0012 4.79 -.0594 -.0600




TABIE 3.- CORRECTIONS TO MEASURED MACH

NUMBER AT TUNNEL STATION X/c =-3

(see fig.4) DUE TO PRESENCE OF MODEL

M, | a,deg aAM M, | a,deg AM1

0.725 0 0.0046 0.775 0 0.0050
2 0048 2 0053
4 0051 0057

0.75 0 0.0048 0890 0 0.0053
2 0050 2 0056
4 0053 4 0061

TABLE 4.— SHOCK-OSCILLATION

FREQUENCY PARAMETER

f=2nfe/U, IN BUFFET REGION,

Re, o = 107
MN an, deg | M, | @, deg f_
0.725 4 0.72 6 0.55
750 2 75 4 47
775 2 77 4 44
.800 1 .80 4 38
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T e M

2 -017814 /X _0.07560% - 0.21096(1)2
c [ [4 C
+ 0.17058(-:-)3 - 0.06090(%)4

LEADING-EDGE RADIUS = 0.0158 c

T 0.002 ¢
S
«——————— = 20.32 ¢cm {8 n.) ——————bT
STATIC DYNAMIC
PRESSURE PRESSURE
ORIFICES ' TRANSDUCERS
x/c UPPER | LOWER UPPER | LOWER
0 .
0.025 . . o
0.05 . . i
0.075 .
0.10 . .
0.15 .
0.20 . . . .
025 .
0.30 . .
0.35 I
0.40 . .
045 .
050 . . . .
0.55 .
0.60 . N
0.65 . -
0.70 . .
075 .
0.80 . . . .
0.85 . .
090 . .
0.925 . .
0.95 . .
0.975 . .
1.00 . [

Figure 1.- NACA 0012 profile and location of pressure orifices.
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TR T Y R S TUBING AND WIRING FROM MODEL
‘  MOUNTING PINS
' T H] [ .
]
4 0o
i
L= 2¢
| DYNAMIC PRESSURE
. " o] TRANSDUCERS
, ~{ STATIC PRESSURE
ORIFICES
ey
¢ =20.32 cm (8 in.)
n n
[N [
" i ——
WINOOW
Figure 2. Sketch of model installed 1n tunnel.
RUPIURE DISC
BELLMOUTH
ENTRANCE CONE TEST SECTION ACCESS
PERFORATED PLATES DOOR cc
AND SCREENS i / TEST SECTION
N —T -~ ~.  VENTEDTO
o : TEST CABIN -« TEST CABIN
SETTLING | : —
TANK

|

V/ TOVACUUM

SPHERE
PERFORATED PIPE . R __,{3 o \
INLET / OIS

SPACE RESERVED FOR BOUNDARY LAYER VENTURI
ACOUSTIC NOISE SUPPRESSION REMOVAL SYETEMS
PANELS AND HONE'/COMB \T/:ESITUNG

Figure 3.- Schematic of HRC-2 and airfoil test section.
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BOUNDARY LAYER PITOT
SURVEY STATIONS

BOUNDARY-LAYER FLEXIBLE WALL ADJUSTABLE THROAT
REMOVAL PAIELS JACKING STATIONS / FOR SPEED CONTROL

— —— -
\

i

& S|DEWALL| :
B [{HATCH I - waf— - -~ DIFFUSER

ANGLE-OF-ATTACK

Y

sTATION %= 3

L] TURNTABLE
' m o—— " | ' /
| | | 1 |
? BASIC DIMENSIONS | Py | | S
WIDTH = 40.6 cm (16 in.) , ! ot [ , ! by
: HEIGHT = 61.0 cm (24 in.) 2.50 -1.25 0 1.25 2.50 /
- LENGTH = 279.4 cm (110 in.) % VENT TO TEST CABIN
G

Figure 4.— Test section schematic.

-~ ACCESS DOOF —|

e

CAMERA

- TEST CABIN
AERIAL CAMERA
MAGAZINE
——
e —
L. } ) & ) §
- TEST SECTION DIFFUSER J,
i T
LIGHT
< SOURCE

Figure 5.~ Schematic of shadowgraph system (cross-sectional view from above).
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BUFFET ONSET, Re o = 107
: (FROM FIG 25f)
! /
K 6 r Ve
}\/
Saa {UNSTEADY FLOW-
4 60 S
&\
—~—
a, deg \.\
DATA SET =1 "\\
2 O 50 <
~
. ~
4 O\\
0 e | g‘\ 4 1 3/‘\ \ d
.70 72 74 .16 78 80 82
Mt):z

% Figure 6.- Test matnx.
3
- mylmy  my/my
g —0 0 0

——=0 0.03 0.008

’ TEST STATION
. b
' L
) L_,_'Z_A__A#_L__L_:V
-500,-3 75 -2.50/-1.26 0 125\
X

/ <
2.5 \
. [ B.L. RAKE /[ / [
‘ NO. 1 / NO. 2
20} .
.50 s

y, cm f;"/b; =048

.6 .8 1.0 6 .8 1.0 6 8 1.0
PITOT PRESSURE/TOTAL HEAD = P,/P;

Figure 7.— Typical sidewall boundary-layer pitot surveys, M_, = 0.775, Re, o= 107,
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M ooy O My/my /iy
N 003 0
L ’/O
-
PO s I 0.008
H /6% i - /
[+ g D/
5 SIDEWALL P, I
SUCTION P S
- PANELS ~_ O
] fantt et L 4
1r 0
My = 0.8
L L 0.03 0
’I
-
Progis B 0.008
»* * B ’, /
5 /t‘)o g o
. O/) 0.03 0.008
4 i A -
-75 -5.0 -2.5 ] 25
X
c

Figure 8. Typical longitudinal variations in sidewall boundary-layer displacement thickness, Re, oo = 107.

BOUNDARY-LAYER GROWTH
CORRECTION, 0.7 M__-208

050 \0® ——
UPPER WALL -
025 — L—,
FIXED POINT __,__.-fﬂf /
Az d e —
< 0 v A
15¢
- 025} AREA RULE CORRECTION FOR
SIDE-WALL MASS REMOVAL
-o50L (SEF FIGURE 10)
# : Q_ 1 - 1 “ — _ 1 - L —_——
-375 = -250 -1.25 0 125 250 3.75 5.00
050 X /
) /

025 L //
RV N DN \‘75 .
: —---‘-~ L \
-025} T~

~~~.“
LOWER WALL e~ ———

r

-.050

Figure 9.-- Upper and lower wall contouring to offset channel boundary-layer growth and sidewall mass removal.
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Figure 10.— Test channel cross-sectional area change required to offset effects of sidewall mass removal; rh(] y =0.03 mr,
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FLEXIBLE-WALL JACKING STATIONS

T
J

/’L—'

.050 -

UPPER WALL )
a=0"

1
- (DATA SET 2)
/

" EIXED POINT
/

- 0 :
o e |
-.025} . -~
“ B e
050 (DAIASET 1)
S E— —— e e —de ——d, . 1 —_——
~-3.75 -2.50 -1.25 0 1.25 2.50 3.7% 5.00
.050 i X
[
025 -
2 15¢
A __-—-’-'—-Q\ —
= 0 w —— {
. —
X —~——
_ -025} ———
N LOWER WALL
! -.050L
! (a) Mo =0.75;Re, o =107 &= 0°,2° (Data Sets 2 and 1).

FLEXIBLE-WALL JACKING STATIONS

3
.050
UPPER WALL
025 — a=0
' FIXED POINT == (DATA SET 3)
AZ i
- 0 i—-T'(_} 7"‘~l_ Jﬁ
15¢ a=1° —
-.025 (DATA SET 4)
~.050
) U~ G —— - S R |
-3.7% -2.50 -1.25 0 1.25 2.50 3.75 5.00
X
.050 T
025
15¢
AY4 o —
< 0 e s o - — =gy —
-.025
LOWER WALL
-.050L

(b) Moo = 0.80; Re, oo = 107;a=0°, 1° (Data Sets 3 and 4).

Figure 11.— Streamlines of the airfoil in free air.
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LNPOR

16

Ny

. s N 3

FLEXIBLE-WALL JACKING STATIONS

C‘? @
|

025
a2 l
25 1S
-.025
! "
.l —_ q—_ L —_— 1 —de — e )
-3.76 ~2.50 -1.25 0 1.25 2.50 3.75 5.00
050 - X
C
025fF |
1‘b c A
Az ol o i
[_ LOWER WALL
-.050
() Moo =0.775; Re, o = 107; o = 2° (Data Set 5).
FLEXIBLE-WALL JACKING STATIONS
@ ® @
050 yppER WALL
0251 Eixep POINT
AZ /
< 05O~ {
15¢
-.025 }
-.050L N~
N
— 1 Q_ 1 — 1 [ S, 1 —_ 1 — J
-3.75 -2.50 -1.25 0 1.25 2.50 3.75 5.00
X
.050 X
025
16¢
AZ
< 0 ~
-.025
LOWER WALL
-.050

(d) M, =0.725; Re,, o, = 107; @ = 4° (Data Set 6).

Figure 11.- Concluded.
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Figure 12.— Typical post run displays of dynamic pressure measurements showing onset of buffet (sensor at midchord).



o - AIRFOIL UPPER SURFACE
P/PT

. /
NACA 0012 AIRFOIL s
0.025
-1.5 - 0.050
] 0.075
. 0.100
o] _ 0.150
07 ¥ 5o 0.200
i 0°, ! ! 0.250
05558 g — e T
joo o b [ 0.400
Cp p.0l2 i °© % o 0:580
P 0.0 .
1o 50530 0.550
o
0.5 0.700
0.750
] 0.800
1.0 0.850
b 1.900
] 0.430
1.5 - - 0.950
0.0 0.2 0.4 0.8 0.8 1.0 0.380
X/C 1.000
o - AIRFOIL LOWER SURFACE X/C
X/C  Cp P/ET M 30
0.025 0.125 0.720 0.701 -2.00
0.050 -0.123 0.650 0.810 -1.50
0.100 -0.370 0.582 0.915 -1.00
0.200 -0.503 0.547 0.969 -0.50
0.300 -0.478 0.552 0.962 0.00
0.400 -0.397 0.578 0.921 0.50
0.500 -0.292 0.603 0.882 1.00
0.600 -0.187 0.635 0.832 1750
0.700 -0.110 0.653 0.804 200
0.800 -0.036 0.676 0.769 50
0.850 0.014 0.587 0.752 3'7¢
0.900 0.067 0.705 0.725
0.930 0.105 0.712 0.713
0.950 0.132 0.722 0.698
0.580 0.174 0.731 0.684 _
%/C
SIDEWALL, Z=0 3
X/C Cp P/PT M -0.50
-3.75  0.081 0.702 0.729 2-9
-3.00 0.021 0.689 0.743 736
-1.25 0.067 0.703 0.727 120
1.25 0.036 0.6395 0.740 580
3.75 -0.004 0.684 0.757 X
3.75

Figure 13.— Airfoil and test section sidewall pressure measurements, Data Set 1 (M), = 0.75, ay = 2°).
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(8) Moo = 0.753, 0 = 2.02°, Re,, o = 1.2X10°.
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o = RIRFUIL UPPER SURFACE
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X/C
.000

p

0o 009,

0.0

1.5
0.0

o - AIRFOIL LOWER SURFACE

x/7€

0.025
0.050
0.100
0.200
.300
.400
.500
.600
.700
.800
.850
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.950
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-1.25
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0.

2
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-0.
-0.
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-0.
-0.
-0.
-0.
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(s en Y]
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0.4
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.684
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OO0O0OO00COoO0O0OOO0O0O0OCO

SIDEWALL, 2=0

c

0.
-0.
0.
-0.
-0.

P

027
012
030
007
015

P/PT

0.897
0.686
0.698
0.688
0.686

0.6 0.8 1.0

[«]
4 a
(o]
]
.».." 4
—COCODOO0000000CL D000 0O0O00O00o

X/C

X/C
M -3.75
0.676 550
0.785 -1.50
0.888 -1.00
0.947 -0.50
0.945 0.00
C.906 0.50
0.876 1.00
0.839 1.50
0.211 2.00
0785 230
0.733 3.75
0.721
St
686 X/¢c
-3.75
-1.00
’ 050
0.737 0.50
0.754 1.00
0.735 1750
0.754 550
3.75

(b) M= 0.749,a= 199°,Re; oo™ 2.0X10%.

Figure 13.— Continued.
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NACA 0012 AIRFOIL

-1.5
6 o o O (b
-1.0 = ©
1 [}
<]
]
-0.5 FICp °
r h a S
] o ‘P o © é
< O Q
C 1 o °
P 0.0 g
4 Op
lg o
0.5 - 1
1.0 3
1.5 r s ¥
0.0 0.2 0.4 0.6 0.8

X/C

o - AIRFOIL LOWER SURFACE

X/C Cp P/PT M
0.025 (.200 0.743  0.666
0.050 -0.061 0.67! 0.776
0.106 -0.297 0.607 0.87S
0.200 -0.416 0.576 0.924
0.300 -0.415 0.575 0.925
0.40C -0.334 0.598 0.890
0.500 -0.279 0.612 0.868
0.600 -0.195 0.636 0.83!
0.700 -0.127 0.653 0.804
0.800 -0.051 0.675 0.771
0.850 -0.005 0.687 0.753
0.900 0.052 0.703 0.728
0.925 0.082 0.710 0.717
0.950 0.1l6 0.720 0.70!
0.975 0.159 0.721 0.684

SIDEWALL, Z2=0
X/C Cp P/PT M

-3.75 0.044 0.700 0.732

-3.00 0.003 0.689 0.750

-1.25 0.044 0.700 0.732
1.25 0.017 0.833  0.743
3.75 0.008 0.690 0.747

o - AIRFOIL UPPER SURFACE

X/C Cp P/PT
0.000 1.075 0.980 0
0.025 -0.543 0.540 O
0.050 -0.749  0.484 1
0.075 -0.908  0.441 1
0.106 -0.984  0.42i !
0.150 -1.083  0.354 1
0.200 ~-1.145 0.%3/7 1
0.250 -1.168 0.37: 1
0.300 -1.208 0.360C .
0.350 -1.235 0.352 1
u.400 -1,227 0 2,352 1
0.450 -0.602 0.5+ 1
0.500 -0.449 0.566 O
0.550 -C.334 0.597 O
0.600 -0.253 0.619 9
0.650 -0.1894 0.R3% 0
0.700 -0.144  Q.6493
0.750 -0.101 0.660
0.800 -0.051  0.574
0.850 -0.ud2 0.887
0.900 0.05 0.70%
0.825 0.088 0.712
0.950 0.122 G.72°
0.975 0.172  L.7%%
1.000 0.219 0.747

SIDEWALL, Z/C= 1.37%

X/C Cp P/PT
-3.75 0.028 0.6S6
-2.50 -0.021 0.683
2.00 -0.015 0.684
-1.50 -0.01 0.684
-1.00 -0.057 0.673
-0.50 -0.112  0.658
0.00 -0.084 0.6686
0.50 -0.082  0.tcb
1.00 -0.035 0.679
1.50 -0.024 0.682
2.00 -0.026  0.682
2.50 -0.022  0.683
3.75 0.008 0.891

SIOEWALL, Z/C=-~1.375

X/C Cp P/PT
-3.75  0.033  0.697
-1.00  -0.016 0.634
-0.50  0.005  0.690
0.00 -0.013  0.685
0.50 -0.017 C.664
1.00 -0.015  0.685
1.50  0.002 0.689
2.00  0.003 0.689
2.50  0.014 0.692
3.75  0.017 0.693

(c) Mo = 0.751, &= 1.99%, Re,, o = 3.9X10%.

Figure 13.— Continued.
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N
i

X/C C P/PT M
: NACA 0012 AIRFOIL P
. 0.000 1.110 0.988  0.133
o 0.025 -0.422 0.562  0.945
-1.5 0.050 -0.498 0.541 0.979
| y 0.075 -0.781  0.46%  1.110
g o 6 0.100 -0.865 0.433 1.1SI
. 0 o © 0.150 -0.944 0.417  1.19i
' o O 0.200 -1.023 0.398  1.232
° 0.250 ~-1.067 0.38%  1.255
, P o 0.300 -1.108 0.37z 1.278
Al 0513 - 5 0.350 -1.133  0.365 1.292
o B 5o 0.400 -1.142 0.362 1.297
o 2048, 0.450 -0.582 0.518  1.017
Cp 0.0 B g.500 -0.406 0.967  0.932
]o %0 g4 0.550 -0.288 0.553  2.887
0.600 -0.203 0.623  0.850
0.5 0.650 -0.168 0.633  (.835
=] 0.700 -0.096 0.652  N.8CH
. ] 0.750 -0.094 0.654  J.804
. ] 0.800 -0.041 0.668  0.78! ;
: B 0.850 0.029 0.6e8  0.75% !
& : 0.900 0.064 1n.897  0.736 P
. ] 0.930 0.098 0.707 0.722 P
B 1.5 . . . . . 0.950 0.13¢ 0.717  2.7C7 :
0.0 0.2 0.4 0.6 0.8 1.0 0.880 0.176 0.7¢3  J.688
X/C 1.000 0.209 0.737 0.674
SIDEWALL, Z/C= 1.375 i
o - AIRFOIL LOWER SURFACE X/C Cp P/PT M ,
-3.7 0.028 0.680 0.747
X/ Ce PR " -2.50 -0.013 0.678 0.7R3 a .
0.025 0.135 0.713  0.703 -2.00 -C.01C 0.8R0  0.753% i
0.050 -0.11S 0.547 0.813 150 0.001 0.633 0.753 o
0.100 -0.343 0.58¢ 0.911 -1.00 -0.043 0.671 0.777 -
0.200 -0.478 C.350 0.965 -0.50 -0.095 0.5656 G.799 P
0.300 -0.458 0.552 0.962 0.00 -0.029 0.675 0.772 b
0.400 -0.365 0.581 0.815 0.50 -0.064 0.E35 0.785
. 0.500 -0.296 0.597  0.830 1.00 -0.030 0.674 0.772
0.600 -0.205 0.6e5 0.8/ 1.50  0.010 0.635 0.795
0.700 -0.125 0.645 0.817 2.00 -0.002 0.682 0.760
g-ggg 'B'SSS g-ggg 8-;28 2.50 -0.002 0.682 0.760 ;
. . . . Q
0.900 0.060 0.693 0.735 375 0.023 0.638  0.749
0.930 0.088 0.707 0.722
8'338 8'}38 8';%5 g.ggg SiDEWALL, Z/C=-1.375
: ;fgs OCE37 OP/52T3 onm
! SIDEWALL, 270 -1.00 -0.016 0.678 0.765
X/t Cp P/PT M -0.50 0.135 0.720  0.702 ;
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Figure 13.— Continued.
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Figure 14.— Airfoil and test-channel sidewall pressure measurements, Data Set 2 (M, = 0.75, ap, = 0°).
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Figure 14.— Continued.
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()M, =0.753,a = -0.02°, Reg o0 = 12.2X 108,

Figure 14.— Concluded.
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Figure 15.— Continued.
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Figure 15.— Continued.
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(d) M, = 0.803, a = -0.10°, Re, = 6.5X10°.

Figure 15.— Continued.
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Figure 15.~ Concluded.
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(a) M, = 0.801,a =095, Re, o= 1.0 10°.

Figure 16.— Airfoil and test channel sidowall pressure measurements, Data Set 4 (M), = 0.80, ap, = 1°).
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Figure 16.— Continued.

COOODOOOO O = b= b= bd b b b e 2 e = s () ()

39

H
-
i
i

H

i

!

i
Ly
e



NACA 0012 AIRFOIL

-1.5 T
oo D
1 o
y ) ] %
o
o =]
'Qs%fiﬁfﬁr*_'$ S $ o
{o0 @
CP&WQ ——ggo
j Egﬂb
0.5 —|-
1.0
¢
1.5 e .
0.0 0.2 0.7 0.6 0.8 1.0
X/C
o - AIRFOIL LOWER SURFACE
X/C CP P/PT M
0.025 0.050 0.666 0.785
0.050 -0.195 0.592 0.898
6.100 -0.433 0.522 1,011
0.200 -0.e862 0.454 1.125
0.300 -0.7¢7 0.422 1.182
0.400 -0.8l12 0,409 1.206
0.500 -0.564 0.483 1.076
0.600 -0.226 0.584 0.812
0.700 -0.1%2 0.605 0.878
0.800 -0.071 0.630 0.840
0.850 -0.023 0.644 C.819
0.900 0.029 0 660 0.794
0.830 0.058 0.688 0.781
0.950 0.084 0.676 0.769
0.980 0,124 0.688 0.751
SIDEWALL, Z=0
X/ cp  PET M
-3.75 0.052 0.6B6 D.7B4
-3.00 0.010 0.654 0.804
-1.25 0.049 0.666 0.785%
1.25 0.G18 0.656 0.800
3.75 N.001 0.651 0.807

o = AIRFOIL UPPER SURFACE

X/C

.000
.025
.050
.075
.100
-150
.20
.250
-300
.350
-400
.450
-500
.550

— OO0 COoO0O00OCOoOO0COOoOOCODDOOOOOOUoO

(c) M, =0.808,a=097°, Re, oo = 41X 108

Figure 16.— Continued.
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Figure 16.— Continued.
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Figure 16.— Continued.

N

WP TN gy

-

Cp
0.076
017
010
067
1028
1008
1027
1022
041
1058

CoOoOO00O000OCOoO

F/PT

0.676
.659
.657
.634
.662
.658
.662
.661
.666
.671

(w]lelelelelelelele]

OO0 OOOOOOF = == = e = = e O DO
* * a2 & e & = 8 * 3 s = a ® a » o 3 e w

OO0 DOOOOODOOD

COODO0DOO0OO0O0O00O0O

794

773

v, .




NACA 0012 AIRFOIL

o - AIRFOIL UPPER SURFRCE

-1.51

Q

[e]
oY

-1.0-

L]
11}

¢}

O
a

|
b o
3

N

- ‘__eUG

400

Cp 0.0

0.5

1.0

0.0

0.4

0.6
X/C

o - AIRFOIL LOWER SURFACE

O00O00O00000000
~
o
o

X/C
-2.75
-3.00
-1.25

1.25

3.75

Cp P/PT
0.068  0.680
-0.228  0.594
-0.493  0.517
-0.707  0.454
-0.858 0.4l
-0.876  0.405
-0.857  0.382
-0.367  0.553
-0.222  0.5%
-0.063  0.642
-0.063  0.642
0.038  0.671
0.010  0.663
0.096  0.688
0.075  0.682
SIDEWALL, Z=0
Cp P/PT
0.038  0.671
-0.122  0.825
0.041  0.672
0.002  0.661
-0.016  D0.655

M

763
.836
.018
.125

O000000———r——00
Q
O
W

Q
~§
(4]
w

M

0.777
0.848
0.778
0.793
0.801

0.8

)]
[y oY as Janlep JenY v enFan Yoo You JanJan [an Jou Jan] av ] ap J o Jow Jan L b L o | b

Cp

1.154
-0.203
-0.454
626
-9.681
1302
1304
1347
1009
046
064
-1.001
117
388
519
1450
1370
1279
177
1041
0.005
0.042
0.072
0.104
0.125

P/PT

[¢6)
w
(o]

.601
.528
.478
.462
.427
.398
385
. 367
.356
351
. 343
. 335
.373
.10
.929
.953
.279
.609
.649
.862
.B73

OO0OOO0OOOOOO0OCDIDOOOOLOO0OC

o
[s2]
[{e]
~N

SIDEWALL, Z/C= 1.375

Cp
0.045
0.005
0.613
0.025
-0.022
-0.103
-0.090
-0.101
-0.045
-6.023
-0.013
-0.016

0.013

P/PT

£.673
0.651
0.664
0.667
0.653
0.630
0.634
0.630
0.647
0.653
0.656
0.655
0.663

SIDEWALL, Z/C=-1.375

(HM,=0.793,a= 1.00°,Rec’°° =10.3X10%.

Figure 16.— Concluded.
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Figure 17.— Airfoil and test channel sidewall pressure measurements, Data Set 5 (M, n=0.775, ap = 2°).
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Figure 17.— Continued.
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Figure 17.— Continued.
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Figwe 17.— Continued.
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Figure 18.— Airfoil arid test channel sidewall pressure measurements, Data Set 6 (Mf\' =0.725, N 4%).
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(b) “*Off design” in Mach number.
5 Figure 19.— Effects of off design wall contouring on airfoil pressure coefficient.
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Figure 21.— Comparison of present test results with measurements and estimates from references 6 and 7.
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Figure 26. - Flow-ficld shadowgraphs; M, = 0.75, a = 2° (Data Set LMy=075, ay = 2%).
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Figure 27.— Flow-iield shadowgraphs
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Figure 28.— Flow-field shadowgraphs; M, = 0.8, o = 1° (Data Set 4, My=08, oy = 19).
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Figure 30.— Flow-field shadowgraphs; M, = 0.725, a = 4° (Data Set 6, My, = 0.725, a, = 4°).
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Figure 31.— Flow-field shadowgraphs showing effect of angle of attack; M,, =0.75, Re, oo = 6X 10 (Data Set 1,
MN=0'75’°’N=2°)'°‘BQ3'2°' ’
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Figure 32.— Flow-field shadowgraphs showing effect of angle of attack; M, = 0.8, Re,, o = 6X 10° (Data Set 3,
My =08,ay=0°).ap> 13", '
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Figure 33.-- Flow-field shadowgraphs showing effect of angle of attack; M., = 0.725, Rec'o,, = 6X10° (Data Set 6,
Mp=0.725,ap = 4°). ap= 39°.
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Figure 34.— Approximate chordwise location of base of shuck wave, Re,, o, = 107,
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