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SUMMARY

Tests were conducted in the two dimensional test section of the Langley 0.3 meter Transonic
Cryogenic Tunnel on an NACA 0012 airfoil to obtain aerodynamic data as a part of the
Advanced Technology Airfoil Test (ATAT) program. The test program covered a Mach number
range of 0.30 to 0.82 and a Reynolds number range of 3.0 x 10° to 45.0 x 10%. The stagnation
pressure was varied between 1.2 and 6.0 atmospheres and the stagnation temperature was varied

between 300 K and 90 K to obtain these test conditions.

Plots of the spanwise variation of drag coefficient as a function of normal force coefficient and
the variation of the basic aerodynamic characteristics with angle of attack are shown. The data
are presented uncorrected for wall interference effects and without analysis. This data adds to
the existing data base to be used for tunnel comparison purposes as well as assessment of wall

interference and correction procedures.
INTRODUCTION

A comprehensive test program has been undertaken in the Langley Research Center 0.3 meter
transonic cryogenic tunnel (0.3-m TCT) to obtain the static aerodynamic characteristics of a
series of two dimensional airfoils at transonic speeds and flight equivalent Reynolds numbers.
This program, known as the Advanced Technology Airfoil Test program (ATAT), was sponsored
by the Langley Aircraft Energy Efficiency Project Office and the Transonic Aerodynamics

Division. A description and status report on this program was first presented in reference 1.

The primary objectives of this program, as stated in this reference, were to provide the U. S.

transport industry the opportunity to test and compare their most advanced airfoils to the latest




NASA design at high Reynolds numbers in the same facility and to provide experience in the
design and construction of models for testing in a cryogenic environment as well as testing
techniques unique to this environment. Included in this test program were four series of tests: (1)
Correlation airfoils, (2) Advanced NASA supercritical airfoil, (3) Industry airfoils, and (4)

Foreign technology airfoils.

This report presents results obtained from tests of the NACA 0012 airfoil which was tested as a
part of the Correlation series of airfoils. Tests were conducted at Mach numbers from 0.30 to
about 0.82 at chord Reynolds numbers from 3 x 10 to 45 x 10%. To obtain these conditions, the
stagnation pressure varied from 1.2 to 6.0 atmospheres and the stagnation temperature from 300
K to about 90 K. Model surface pressures, wake survey pressures, and tunnel wall pressures

were obtained during the test program.

Plots and tabulated values of model surface pressure distributions as well as tabulated values of
the integrated force and moment coefficients obtained in this test program are presented in
reference 2. This paper contains plots of the spanwise variation of drag coefficient as a function
of normal force coefficient and the variation of basic aerodynamic coefficients with angle of
attack. Norma!l force and pitching moment coefficients were obtained from integration of the
surface pressure distributions and the drag coefficient was obtained from integration of the wake
survey data. The data are uncorrected for wall effects and are presented without analysis. In this
format, the data should be useful for tunnel comparison purposes as well as extending the

existing data base for use in evaluating wall interference and correction procedures.

SYMBOLS

All measurements and calculations were made in U.S. Customary Units; however, the



measurements are presented with the International System of Units (SI) in parentheses.

C

a angle of attack,deg

b airfoil model span, 8.00 in (20.32 cm)

c airfoil model chord, 6.00 in (15.24 cm)

A section drag coefficient (c d.corrz i Valid data exist, otherwise, €4 corr1)

€4 corrl section drag force coefficient from integration of wake total head profile for probe
' located at y/(b/2) = 0.125

€4 corr? section drag force coefficient from integration of wake total head profile for probe
’ located at y/(b/2) = 0.0

€4 corrs section drag force coefficient from integration of wake total head profile for probe
’ located at y/(b/2) = -0.125

€4 corrd section drag force coefficient from integration of wake total head profile for probe
' located at y/(b/2) = -0.375

C4 corrs section drag force coefficient from integration of wake total head profile for probe
’ located at y/(b/2) = -0.500

. section pitching moment coefficient about model 25-percent chord point from

integration of model surface pressure coefficients
c, section normal force coefficient from integration of model surface pressure
coefficients

M average free stream Mach number

P, free stream stagnation pressure

R Reynolds number based on model chord

Tt free stream stagnation temperature, K

y spanwise distance from tunnel centerline, (positive toward right hand side)

APPARATUS

The test program was conducted in the 8 in by 24 in (20.32 cm by 60.96 cm) two dimensional test

section of the Langley 0.3-meter transonic cryogenic tunnel. This facility is a continuous flow,




fan driven, pressure tunnel which uses nitrogen gas as the test medium. The test section is
rectangular in cross section, has solid sidewalls, and slotted top and bottom walls. Two slots are
located in each of these walls with a spacing of 4.0 in (10.16 cm) and a total open area ratio of

0.05. Further details of this tunnel and test section are contained in reference 3.

Data were recorded on a shared, remote central data acquisition system. This system is referred
to as the original data acquisition system for the two dimensional test section of the 0.3-m TCT

in reference 3 and further details of the capability of the system are given in this reference.

MODEL

The model tested was a two dimensional model of the NACA 0012 airfoil with a chord of 6.00 in
(15.24 cm) and a span of 8.00 in (20.32 cm). The equation for the ordinates of this airfoil shape
was first presented in reference 4 and the ordinates for this model were obtained from the

computer program of reference 5.

The model was constructed of A286 stainless steel which is an acceptable material for cryogenic
test conditions. To locate all pressure instrumentation tubes internally in the model, it was
constructed in two halves, the tubing installed, and then these two halves were bonded together.
By locating the tubes internally, the model surface can be maintained in a very smooth condition
which is required for high Reynolds number testing. One longitudinal row of pressure orifices
was located on each surface of the model near the mid-span location and three spanwise rows
were located on the upper surface. The ordinates for each orifice location are presented in the

tabulated data. An orifice diameter of 0.010 in (0.25 mm) was used for all locations.

Upon completion of model construction and after several cryogenic temperature cycles, the model



ordinates were measured and compared to the design values. The maximum deviation from
design was found to be 0.003 in (0.076 mm) with most of the model surface being within the

manufacturing tolerance of 0.001 in (0.025 mm).

TESTS

The tests of this airfoil covered a Mach number range from 0.30 to 0.82 and a Reynolds number
range of 3.0 x 108 to 45.0 x 10%. To obtain these test conditions, the tunnel stagnation pressure
varied between 1.2 atm and 6.0 atm and the stagnation temperature varied between 300 K and 90
K. Measurements of model surface pressure, wake total head surveys, sidewall pressures at the
wake survey station, tunnel floor and ceiling pressures, and various tunnel parameters were made

during the tests.

For these tests, the wake surveys were made at a station 1.2 model chords downstream of the
model trailing edge. Data were obtained with both free and fixed locations of boundary layer
transition. For the fixed transition tests, data were obtained only at Reynolds numbers of 3.0 x
10% and 9.0 x 10%. The angle of attack range for all tests was from zero degrees to that for drag

divergence. Limited data were also obtained at negative angles of attack as a check for

asymmetry which could result from flow angularity, model inaccuracies, or incorrect angle of

attack setting.

For the fixed transition data, transition strips were located on both the upper and lower surfaces
of the model at the 5-percent chord station. These strips were about 1-percent chord in length

and consisted of #240 carborundum grit applied with an acrylic spray.




TEST PROCEDURES

Model Pressures

All model surface and tunnel floor and ceiling pressures were measured using 48-port scanni-
valves connected to high precision variable capacitance type pressure transducers. Three samples
of data, taken at 0.25 second intervals, were recorded for each port. These readings were
averaged during the data reduction process. To provide for lag in the response time of the
pressure tubing and transducer, 2 delay time was invoked after each port change before the data
were recorded. This delay time varied from 2.0 seconds near the model leading edge where large

changes in pressure occurred between ports to 0.5 seconds for the aft portion of the model.

Wake Pressures

Surveys of the total pressure in the model wake were made using a traversing rake cantilevered
from one of the tunnel sidewalls. This rake contained five individual probes such that a spanwise
survey could also be obtained. The drive mechanism consisted of an electric stepper motor which
was synchronized with the scannivalve system so that the rake would advance one step in distance
with each scannivalve step. For these tests, approximately 75 steps were made as the rake
traversed the mode! wake region. Tunnel sidewall static pressure data was obtained at the same
tunnel station as the rake probes for use in data reduction. Individual pressure transducers were
connected to each of the probes as well as the sidewall pressure taps to keep response time to a
minimum. For this test program, the survey probes were located approximately 1.1 model chords

downstream of the model trailing edge.



Corrections

All data and tunnel parameters were corrected for real gas effects by the method of reference 6.
No corrections have been made for wall interference effects on the data presented herein;
~ however, these corrections have been made for some of this data and the results presented in
reference 7. These corrections reduce the test angle of attack for all conditions and the free

stream Mach number, mainly at supercritical conditions.

PRESENTATION OF RESULTS

The results of this investigation are presented in this paper as plots of integrated force and
moment coefficients obtained from surface pressure distribution data and wake surveys. These
data are presented for reference purposes only and no analysis of the results is presented. An

index to the various figures for both free and fixed transition data follows.
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Figure 1.-  Effects of normal force coefficient on the spanwise variation of drag

coefficient for various Reynolds numbers at a Mach number of 0.30.
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Figure 7.-  Effects of normal force coefficient on the spanwise variation of drag

coeflicient for various Reynolds numbers at a Mach number of 0.74.
Transition free.

39



O -.3988
0O -.1589
o -.0191
Fay 1246
s .2504
D .3906
8] 4867
9] 5400
0 5729
(@) .5019
.048
/z’v‘
.040
/</
. //
.032 ;;
f 1V
Cd corr .024 <{ ///
v’ LO
016 yird =
. L
</ :8;/
fo— EE
.008
0
-1.0 -8 -.6 2 0

-4 -
y/b/2
(b) R = 9.0 x 106

Figure 7.- Continued.

40




O -.4019
O -.2766
o -aan
o -.0187
b .1088
D .2495
0 .3686
O  .4756
O 5486
o .5m
.048 /
4
040 // 0
.032 4
%
+O
Cyq 024 / / -
corr ) ( / /of
W V.
016 / g -~ 3
) £ =
— -
—H
. fa)
.008 a
0
-1.0 -.8 ~.6 2 0

-4 -
y/b/2
(c) R = 15.0 x 106

Figure 7.~ Continued.

41




327

-.0274
-.4287
-.28901
-.1517
-.0170
1154
.2560
.2587
4037
.3886
.5024
.5893
.6010
6215

pOGBO®O oODLDIFPFOOOO

048 1
/]
.040 / > //
//
.032 Q/ //
Cd corr .024 / ]
r E{ L~
o] e
016 < D/,///
T{/ A,&4§/
.008
0
1.0 -8 -6 _.4 -2 0
y/b/2

(d) R = 30.0 x 106

Figure 7.- Concluded.

42




Py

Cn
o -.0201
0O -.4206
O -.2861
s -.0107
D .1208
()} .2626
0 .3895
O 4975
0 5520
@] 6187
.048
.040 1O
o ﬁ/
y
/ y
.032 /
/
//
Cd corr -024 I’ /;Z;,——-g
/ A
P v
.016 D/’
/ -~ //// 8
1
.008 %a——f 4# S
0
-1.0 -.8 -.6 -.4 -.2 0
y/b/2
(a) R = 6.0 x 106
Figure 8.-  Effects of normal force coefficient on the spanwise variation of drag

coefficient for various Reynolds numbers at a Mach number of 0.76.

Transition free.
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coefficient for various Reynolds numbers at a Mach number of 0.78.
Transition free.
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Figure 10.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for various Reynolds numbers at a Mach number of 0.80.
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Figure 11.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for various Reynolds numbers at a Mach number of 0.82.
Transition free.
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Figure 12.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for various Reynolds numbers at a Mach number of 0.30.
Transition fixed.
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Figure 13.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for various Reynolds numbers at a Mach number of 0.50.
Transition fixed.
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Figure 14.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for various Reynolds numbers at a Mach number of 0.70.
Transition fixed.
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Figure 15.- Effects of normal force coefficient on the spanwise variation of drag

coefficient for a Reynolds number of 9.0 x 108 and a Mach number of
0.74. Transition fixed.
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Figure 16.- Effects of normal force coefficient on the spanwise variation of drag

coefficient for a Reynolds number of 9.0 x 105 and a Mach number of
0.76. Transition fixed.
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Figure 17.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for a Reynolds number of 9.0 x 105 and a Mach number of

0.78. Transition fixed.
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Figure 18.- Effects of normal force coefficient on the spanwise variation of drag
coefficient for a Reynolds number of 9.0 x 105 and a Mach number of
0.80. Transition fixed.
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