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EIGH-SPZED WIND-TUNNEL TESTS OF THE
NACA 23012 AXD 23012-64 AIRFOILS

By John V. Becker
SUMMARY

Force tests of the NACA 23012 and 23012-64 airfoils
‘'of 24-inch cherd were made in the 8-foot high-speed wind
tunnel at Mach numbers ranging from C.10 to 0.75. Sup-
plementary tests of a 5-inch-chord NACA 23012 airfoil were
made in the 24~inch high-speed tunnel to obtain pitching-
moment data at higher loadings than could be attained with
the 8-foot tunnel models.

The results, which were corrected as far as possible
for tunnel-wall effects, show the variation with Mach num-
ber of 1ift, drag, and pitching-moment coefficients at
angles of attack from -4° to 6%. At positive 1ifts the
NAGA 23012-64 airfoil had slightly higner critical speeds
than the NACA 23012 airfoil. At the higher angles of at-
tack in the supercritical speed region, large lncreases
in the magnitude of the pitching-moment coefficient oc-
curred.

Force tests of 24-inch-chord NACA 23012 and 23012-64
airfoils were made in the 8~foot lLiigh-speed wind tunnel
in 1937. The results were not published owing to a lack
of knowledge of the tuannel=wall interference effects on
large models extending through the tunnel walls. Since

that time a separate investigation (unputlished) has indi-

cated the nature of these effects and has estadlished cor-
rections for some of them. Although all corrections af-
fecting the absolute magnitude of the results are not
known, the corrections that vary with speed are believed
to be fairly well understood. The corrected results may
therefore be considered adeguate for indicating the prin-
cipal effects of compressibility. In view of numerous
requests for compressibtility-effect data on the NACA 230
series of airfoils, it has been decided to issne these
partly corrected results with a clear statement of their
limitations,




In order to obtain data applicable to the high-speed
dive pull-out condition it was necessary to make supple-
mentary tests on a 5-inch-chord NACA 23012 airfoil in the
24-inch high-speed wind tunnel. These tests were made in
1940.

APPARATUS

The. 8~-foot and the 24-inch high-speed wind tunnels
are described in references 1 and 2, respectively.

A description of the WACA 230 series of airfoil sec-
tions is given in reference 3. The profile ordinates of
the NACA 23012 and 22012-64 sections are shown in table I.

Tne 24-inch-chord models were constructed of wood
anéd sheathed with 1/16-inch steel plate to prevent erosion
. The NACA 23012 airfoil was completely
covered with the metal plate. "'The NACA 23012-064 airfoil
was covered over only the forward 31 percent; the remain-
ing surface was svpray-vainted. The surfaces were made
aerodynamically smooth. It was impossible, however, to
eliminate slight waves in the metal sheathing at the
points of attachment to the wood. It is also considered
possible that the spanwise wood-metal junctures on the
NACA 23012-64 model may have sprung slightly at the higher
loadings. This method of airfoil construction has been
fouwnd to be generally unsatisfactory.
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In both wind tunnels thae models completely spanned
the jet and passed throngh the walls to the balance at-
tachments (fig. 1). Tne gap between the models and the
wall was not uniform and varied ‘slightly with angle of
attack. Average values for the width of the gap are 3/16
inch and Z/64 inch for the S8-foot and the 24-inch tnnnels,
respectively. As shown in figure 1,the 8-foot tunnel has
flat surfaces on either side. Flat cireular rotating end
plates attached to the tunnel walls move with the girfoil
when the angle of attack is changed. ~ In the 24-inch
tunnel, flexible brass end plates that preserve the cir-
cular section of the tunnel were used. '




TESTS

The tests consisted of the measurement of 1ift, drag,
and pitching moment. At constant angles of attack (a)
tne speed was increased as far as possible, the highest
speed attained at a given angle being limited either by
the maximum allowabtle load (in the case of the models of
24-inch chord) or by the maximum attainable tunnel speed.
Angles of attack ranging from -4° to 6° were covered.
The 24-inch-chord models were also tested tarough the
stall at speeds ranging from:75 to 170 miles per hour to
permit comparison with variable-density-tunnel results
obtained at the same test Reynolds numbers.

As a check of the critical speed indicated by the
force test at o = 09, the variation with Mach number of
the total pressure at a point-1/8 inch above the surface
at the 75-percent-chord station of the 5-inch-chord model
was measured.

TUNNEL-WALL EFFECTS

Constriction effect.- The use of models of large
size relative to the tunneél diameter results in a jet
velocity at the airfoil ‘appreciably higher than would
exist if the flow were not restrained by the tunnel walls.
The magnitude of this effect was determined in a separate
investigat ion of tunnel-wall effects on NACA 0012 airfoils
in the 8~foot tunnel by comparing the chordwise static-
pressure distribution with the distribution given by po-
tential theory, which had been verified in tests in the
full-scele tunrel. 1In additioﬁ,'a spanwise static-pressure
survey at the lO-percent-chdrd location was made at various
1ift coefficients. It was found that, within the limits of
accuracy required for engineering purposes; the wing could
be assumed to be operating in a uniform air stream with a
velocity greater than that indicated by the standard tunnel
calrbration.

At low Mach numbers the magnitude of this constriction
effect agreed satisfactorily with the results computed by
Glauert (reference 4) for incompressible flow. The effect
increases with Mach nuniber. The air speed, V, the Mach
number, M, the Reynolds number, R, and the dyvnamic
pressure, g, obtained from the standard tunnel calibra-
tion in the present tests were corrected by use of the
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factors determined from the tests of the NACA 0012 air-
(o) AL dbiE ¢ The force and the pitching-moment coefficients
employed in presenting the results are based on the cor-

rected dynamic pressure, -%—p ! where the values of p

and V are corrected for the constriction effect.

Induced curvature cf the flow.- As a further conse-
quence of the employment of airfoils of large ratio of
the airfoil chord to the averege depth of the tunnel,
c/h it is shown in reference 4 that tke 1ift and the
pitching-moment coefficients are different from the cor-
responding values for unrestricted two-dimensional flow,
This effect results from an induced curvature of the flow.
The validity of the theoretical correction factors derived
in reference 4 was satisfactorily established by the pre-
viously mentioned unpnblished tuunnel-wall-effect investiga-
tion.in the &~foot high-speed tunnel by comparing the re-
uwlts obtained on 15-inch-chord and the 60-inch-chord WACA
0012 airfoils. The correction to the 1ift is given by
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where C;, 1is the 1lift coefficient and the subscript ¢

refers to turnel values. The pitching-moment correction
is obtained from

‘Cmc/4 N '\Cmc/y; S 2 NHJ o Ly
The results presented in this re*ort have been corrected
according to these relat ions. ’

End leakage effects.~ The force-test results correct-
ed for the constr1ctlon and the induced-curvature effects
would De ex ected to exhibit infinite-aspect-ratio or sec-
tion characteristics were it not for the interference ,
effects at either side of the model that result mainly
from the leakage of air through the clearance space be-
tween tiae model and the tunnel wall. In order to indicate
the approximate magnitude of these effécts, the results of
the NACA 23012 ‘airfoil for M = 0,23 ‘are compared in fig-
ure 2 with ‘corrected section characteristics obtained from
tests in the variable-~density tunnel (re .ference 5) at
about tune same test Reynolds number. The low-speed section
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1ift and the pitching-moment coefficients of the variable-
density tunnel were multiplied by the factor (1 - Mg)'%
(see reference 2) to obtair resnlts appropriate to the
¥ach number at which the 8-foot high-speed tunnel tests
were run. The valune of this factor was 1.027, correspond-
ing to the Mach number 0.23 of the high-speed tunnel tests.

It is evident from figure 2 that the 1ift and the
pitcking-noment values are inapprecisbly affected by the
end-leakage effects at angles of attack below 8B9. The
drag, however, was greatly increased. At angles of attack
higher than 8° an abrupt breakdown of the flow occurred,
apparently as a resnlt of the end leakage. This eifect
was found to occur at an angle of attack of 8° for varioms
Mach numbers ranging from C.10 to 0.23, the highest speed
at which angles greater than 8° were attained. Similar
results were obtaineé with the NACA 22012-64 airfoil. On
account of the large magnitude of this effect and the lack
of understanding of tke factors involved, the data presented
in this report extend only to an angle of attack of 8°. 1In
this range the corrected lif
ues may be taxen as approximate section characteristics,
but the drag coefficients inc
due to end interfersnce.

The irnvestigation of tunnel-wall effect of the NACA
0012 &irfoil included a number of runs through the speed
range with various end-gap clearances. It was found that,
although the absolute magnitude of the drag coefficient
jncreased with gap size, the variation with Mach number
was essentially the sare for all gap sizes. It may be
assumed, therefore, that the results for any gap size are
useful in showing ch es with Mezch number of the drag
coefficient.

I

RESULTS AND DISCUSSION

Drag.- The variation with Yach number of the drag
coefficients obtained with the 24-inch-chord models 1is
shown ir figure 3. The cause of the large drag increases
at the higher Mach numbers is due to the formation of a
compression shock at critical air speeds at which the ve-
locity of sound is attained locally on the airfoil. De-
tsiled discussion of this phenomenor is given in reference
2. Briefly, the critical air speed 1is dependent on any
factor that affects the reak local velocity, particularly
the angle of attack, the thickness, the thickness distribu-
tion, and the camber.

t
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The NACA 23012-64 airfoil (fig. 3(b)) was included
in this investigation on the basis of previous tests of
symmetrical airfoils (reference 5), waich indicated that
the 40~percent-chord location of the maximum-thickness
station resulted in a nigher critical speed than the other
distridbutions tested. A more ratiomnal method of predic-
tion of critical speed characteristics based on static-
pressuare-distribution data is discussed in reference 7.
Some increase in critical speed over the NACA 23012 air-
foil is indicated for the NACA 23C12-64 girfoil at posi-
tive lifts. 4t negative 1ifts, however, the NACA 23012-64
airfoil develops higher local velocities near the nose on
the lower surface than the ¥aCA 23C12 and should, therefore,
have the lower critical speed. The critical speeds esti-
mated from reference 7 are indicated in figure 3 by arrow-
heads. It is seen that the Mach numbers at which the drag
coefficients tegin to increase rapidly agres reasornably
well with the predictions based on the pressure-distribution
data. The criticel speeds indicated by the 5-inch-chord
force-test results (not shown) agreed satisfactorily with
the 24-inch-chord resulits. The total-pressure tube locat-
eéd at the 75-percent—-chord station of the NACA 23012 air-
-foil showed rapidly increasing losses at Mach numbers above
0.645. The critical Mach number predicted from the static-
pressure data at a = 0° was 0.356.

The variation with Mach number of the drag coefficient
at subcritical speeds is @& consequence of both scale and
compressibility effects. On smooth models in air streams
of low turbulence such as that of the 8-foot high-speed
wind tunnel, the variatior with Reynolds number of the
location of voundary-layer transition is an important fac-
tor in determining the scale effect and should be consid-
ered in any atteapt to isolate the compressibility effect
at subcritical speeds. Data on the transition-point loca-
tions orn both surfaces of the NACA 23012 airfoil in the
8-foot high~speed tunnel are available in reference 8.

Lift.~ The variation with Mach number of the 1lift
coefficients obtained in tne 8-foot high-speed tunnel is
shown in figure 4. The rate c¢f increase with Mach number
at suberitical speeds was somewnat greater than the factor

1
(1 - u?)72 nsually used to estimate the increase. This
factor strictly applies only to airfoils of very small
thickness rd ratios a2nd would be expected to underesti-
al rate of 1ift increase on 1l2-percent-thick
. The rate of increase of 1ift coefficient with

o o




Mack number shiown in references 2 and 6 for 5-inch and 2-

inch~-chord models wes less tnan noted in the present tests
1

and more neariy agreed with the (1 - M%) 2 factor. These
differences may be attributable to the fact that the
Reynolds numbers in the preseut investigation were much
greater than in the reference testis.

The changes in 1ift coefficient tunat occur at super-
critical speeds depend on the location and the intensity
of the compression shock. ZEither an increase or a de-
crease in 1ift coefficient, corresponding to formation of
the shock on the lower or the upver surfaces, might be
expected. At small angles of attack waere shocks form on
both upper and lower surfaces at about the same Mach mim-
ber, no appreciable 1ift changes might be anticipated.
This sitvation evidently existed for the airfoils tested
at 02 and -1° angle of attack (fig. 4). At the higher
angles of attack the shock forms near the nose oan the
upper surface and a loss of l1ift coefficient (fig. 4(a),
@ = 6%9) is usnslly noted. (See references 2 and 7.) The
decreases in 1ift coefficient generally start to occur at
Mach numbers about 0.05 to 0.10 beyond the estimated crit-
ical speeds. The lift-coefficient decreases, in most
cases, are not large enovgh to cause actual decreases in
1ift with increasing speed. Changes in 1ift distributiion
across the wing span due to possible variations im criti-
cal speed alorng tne span shonld, however, be considered
in structural design.

23012 pitching-moment co-

Pitcking momsnt.- The A
*nd tunnels are skown in fig-
7
o

efficients obtained in both
ure 5(a). For the angles of attack at wkhich direct com-
parison is possible (0% and 4 a satisfactory agreement
between the results for the two tunnels will be noted.

The NACA 23012-64 results are given in figure 5(b).
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Changes in pitchiang-moment coefficient occurrirg at
supercritical speeds are governed Dy the same factors
that affect the 1ift, that is, the location arnd the inten-
sity of the compression shock. At the higher angles of
attack, large increases in the negative value of the
pitching~-moment coefficient ocecurred. These increased
pitching-moment coefficients could be realized in flight




ian puvlli-outs from high-speed dives and should be accounted
for in the structural design of pursuit aircraft.

CONCLUDING REMARKS

The critical speeds at which larze increases in drag
conefficient occurred were slightly higher for the NACA
23012-64 airfoil than for the NACA 23012 airfoil, when
compared either at a givern angle of attack or at a given:
1ift coefficient in the positive 1Lift region.. ' At zero
and negative lifts, the NACA 23012 airfoil has the higher
critical speeds. The indicated critical speeds were in
fair agreement with those predicted from the theoretical
pressure peaxks. : :

At the higher angles of attack in the supercritical
region {conditions corresponding to a sharp pull-out from
a high-speed dive), large increases in the pitching-
monment coefficient and a decrease in 1lift coefficient
occurred.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langiey Field, Va.
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TABLE I -

AIRFIIL
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[stations and ordirates in percent of wing chord]
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Figure 2.- Comparison of results from the 8-foot high-speed and
variable-density wind-tunnels to show magnitude of

interference effect due to end leakage in 8-foot high-speed tunnel.
M, 0.25 ; R, 3,150,000, NACA 23012 airfoil.

Figure 1.- The 24-inch NACA 23012-64 airfoil mounted in the
8-foot high-speed wind tunnel.
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NACA ; Fig. 5

Figure 5.- Variation with Mach number of pitching-
moment coefficient.
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