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SUMDMARY

Pressure distributions determined from high-speed wind-
tunnel tests are presented for five NACA airfoil sections repre-
gentative of both low-drag and conrentional types. Section
characteristics of lift, drag, and quarter—chord pitching moment
are presenied along with the measured pressure distributions
for the NACA 651815 (e=0.5), 66,2-215 (a=0.6), 0015,
23016, and 4415 airfoils for Mach numbers up to approxi-
mately 0.85. A critical study is made of the airfoil pressure
distributions in an altempt to formulate a set of general criteria
Jor defining the character of high-speed flows over typical air-
Joil shapes. Comparisons are made of the relative character-
istics of the low-drag and conrentional airfoils investigated
wnsofar as they would influence the high-speed performance and
the high-speed stability and control characteristics of airplanes
employing these wing sections.

At Mach numbers where the local relocities over an airfoil
are entirely subsonic, airfoil pressure disiributions may gen-
erally be predicted satisfactorily from the corresponding low-
speed pressure distributions by means of the Kdrmdn-Tsien
compressibility relation. At higher Mach numbers for which
but limited regions of local supersonic flow exist, supercritical
pressure distributions may be related qualitatively to the low-
speed pressure distributions.

The low-drag-type airfoil, as exemplified in the present in-
vestigation by the NACA 665:215 (a=0.5) and 66,32-215
(a=0.6) sections, constitutes an improvement orer the conren-
tional type airfoll of equal thickness when employed on the wing
sections of high-speed airplanes, in that it would promote more
farorable airplarne stability and control characteristics at super-
critical speeds. Contrary to popular expectations, howerer, the
low-drag airfoil is but slightly better than the concentionalsec-
tion as regards supercritical speed drag characteristics.

INTRODUCTION

Fundamental aerodynamic theory has been found to be
fully adequate in defining the essential character of general
low-speed air flows. Such a vast amount of engineering
formulation has been amassed from research both theoretical
and experimental on the characteristics of aerodynamic
bodies subjected to low-speed air flows that the practical
aerodynamicist has little difficulty in designing aircraft
for efficient operation in this realm of flight. In the region of
moderate- and high-speed flight, however, where fluid com-
pressibility becomes an important factor, the extent of

knowledge of the character of air flows is very limited. The
basic theory which treats low-speed flows so satisfactorily
fails to define high-speed flows. Attempts have been made
by many investigators to modify the classical zerodynamic
theory for the effects of fluid compressibility so as to permit
& logical understanding of high-speed air flows. The most
familiar of these modifications are the Prandtl-Glauert and
the Kérmén-Tsien relations for predicting the velocity or
pressure fields at compressibility speeds about airfoils from
their known low-speed velocity or pressure distributions.
These theoretical relations have been satisfactorily verified
by experiments on airfoils at speeds up to their critical veloci-
ties, that is, the stream velocities corresponding to the first
attainment of the velocity of sound locelly on the airfoil
surfaces. As the critical speed of an airfoil is exceeded,
however, and the local wvelocities over the surface exceed
the speed of sound, abrupt discontinuities occur in the flow
which cause the basic theories and existing compressibility
modifications thereof to fail. The ecritical speed, then,
appears to be the upper limit of the speed range in which
the Prandtl-Glauert and Kdrmén-Tsien modifications to the
basic aerodynamic theory are applicable.

Although the character of low-speed flows is well under-
stood and moderately high-speed flows can apparently be
dealt with satisfactorily by means of existing modifications
to classifical theories, very little is known about the funda-
mental mechanism of air flows at supercritical velocities.
Not only is the aerodynamicist at a loss to understand the
character of supercritical speed flows, but until very recently
the information available to him on the nature of the forces
and moments on aerodynamic bodies subjected to such flows
has been extremely meager. In recognition of the acute
need for experimental data on the physical phenomena
associated with the attainment of supercritical velocity
flows over airfoils, and of the need for a more thorough under-
standing of the character of high subcritical velocity fows,
the present investigation was undertaken.

Tests were made in the Ames I- by 3%-foot high-speed
wind tunnel to determine the pressure distributions at high
speeds over the NACA 65,215 (a=0.5), 66,2215 (a=0.6),
0015, 23015, and 4415 airfoil sections. The airfoils were
selected as being representative of each of several types of

- airfoils widely employed in the design of aircraft; the NACA

65,215 (@=0.5) and 66,2215 (¢=0.6) being typical low-
drag airfoils with different positions of minimum pressure;
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the NACA 0015, a symmetrical conventional airfoil; the
NACA 23015, a typical forward cambered conventional air-
foil; and the NACA 4415, a typical highly positive cambered
conventional airfoil. A critical study is made of the pressure
distributions and aerodynamic characteristics of the airfoil
sections investigated in the hope of obtaining a sufficient
understanding of high-speed flows to permit the prediction
of the behavior at supercritical speeds of other airfoil see-
tions falling within the same general classification scheme.

SYMBOLS _

a mean line designation, fraction of chord from lead-
ing edge over which design load is uniform; in
derivation of thickness distributions, basic length
usually considered unity

¢ airfoil chord

€4 section drag coefficient

¢ section lift coefficient

Crop section moment coefficient about quarter-chord
point

deifday,  section lift~curve slope, per degree

M free-stream Mach number

P local static pressure, pounds per square foot

Do free-stream static pressure, pounds per square foot

P pressure coefficient { 2 ;’p")

P, local pressure coefficient on lower surface of airfoil
section

P, local pressure coefficient on upper surfacs of airfoil
section : _

Qo free-stream dynamic pressure, pounds per square
foot

z distance along chord

a angle of attack

ay section angle of attack

APPARATUS AND METHODS

The tests were conducted in the Ames 1- by 3%-foot high-
speed wind tunnel, & low-turbulence, two-dimensional-flow
wind tunnel powered by two electric motors of 1,000 horse-
power—sufficient power to obtain choked flow with any size
of model.

Six-inch-chord models of the NACA 65,215 (a=0.5),
66,2-215 (a=0.6), 0015, 23015, and 4415 airfoils were con-
structed of duralumin and steel for the tests. The models
were equipped with from 30 to 32 pressure orifices of 0.008-
inch diameter drilled perpendicularly to the airfoil surfaces
. at standard chordwise stations. The airfoils were mounted, as
illustrated in figure 1, so as to span completely the 1-foot
width of the tunnel test section, and were supported in tight-
fitting plates contoured to the airfoil surfaces and sealed with
rubber gaskets to eliminate air leakage about the ends of the
airfoils. Wind-tunnel tests have indicated that end leakage
must be prevented if two-dimensional-flow conditions are to
be realized. To facilitate construction of the models, the
plane of pressure measurements was chosen midway between
one side wall and the center of the tunnel. Previous tests
have shown no differences in airfoil pressures measured in this
plane and in the plane of symmetry.
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Figurk 1.—Airfoll model mounted in the test scetion of the Ames 1- by 334-foul highspeed
wind tunnel.

Simultaneous measurements of airfoil pressure distribution,
drag, and in the cases of the NACA 0015 and 4415 airfoils,
lift and quarter-chord pitching moment were made for angles
of attack ranging from —6° {o 16° by 2° increments at speeds
from 0.3 Mach number to approximately 0.85 Mach number,
the choking speed of the wind tunnel for these tests, The
corresponding Reynolds numbers ranged from approximately
1,000,000 to 2,000,000.

Airfoil pressures were measured by means of multiple-tube
manometers, tetrabromoethane being used as the manometer
fluid whenever possible to maintain a high degree of accuracy
of measurement. For the higher pressures, mercury served
as the manometer fluid. Liquid heights were recorded pho-
tographically to insure the simultancous measurement of all
pressures. Airfoil drag was measurcd by means of wake sur~
veys made with a movable rake of total-head tubes.

In the gases of the NACA 0015 and 4415 airfoils, lift and
quarter-chord pitching moments were obtained direeily from
measurements of the reactions on the tunnel walls of {he
forces experienced by the airfoils. Previous wind-tunnel
tests have demonstrated very satisfaciory agreement between
characteristics determined from wall-reaction measurements
and those derived from simultaneously measured airfoil pres-
sure distributions.
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TEST RESULTS

In figures 2 to 6, inclusive, appear the pressure distribu-
tions for the NACA 65:215 (¢=0.5), 66,2-215 (¢=0.6),
0015, 23015, and 4415 airfoil sections in that order. In
these figures pressure coefficient P is plotted as a function
of the chordwise location of the airfoil pressure orifices for
constant angles of attack and varying Mach number.
Corrections to the pressure coefficients and angles of attack
for tunnel-wall-interference effects calculated by the method
of reference 1 proved to be negligible for the size of model
tested and have therefore not been applied to the pressure-
distribution data. The stream velocities, however, have
been corrected for tunnel-wall effects by the method of
reference 1. Broken lines were used in figures 2 to 6 wherever
the stream velocities were within 0.025 Mach number of the
choking speed of the wind tunnel. TUnder such conditions,
where present tunnel-wall-correction methods are invalid,
it is doubtful whether the measured pressure distributions
are truly representative of free-air characteristics.

For the convenience of the aireraft designer, values of the
airfoil section load parameter P=P;—P,, where P; and P,
are the local pressure coefficients on the upper and lower
surfaces, respectively, at a given chordwise station of the
airfoil, are tabulated for the five airfoils in tables I to V,
inclusive, for the ranges of angles of attack and Mach
numbers investigated.

In figures 7 through 11, pressure coefficients at the 2.5-
percent-chord station for the surface having the minimum
local pressure are plotted as a funection of free-stream Mach
number for angles of attack of —4°, —2°, 0°, 2°, 49, and 8°
for the NACA 65,215 (a=0.5), 66,2-215 (¢=0.6), 0015,
23015, and 4415 airfoil sections, respectively. These figures
are presented to show that a marked change in the character

of the flow over an sairfoil occurs after the airfoil ecritical

speed has been exceeded.

The variation of section lift coefficient with Mach number
at constant angles of attack from —6° to 10° is shown in
figures 12 through 16 for the five airfoils in the previously
mentioned sequence. For the NACA 65:215 (¢=0.5),
66,2—215 (@=0.6), and 23015 profiles, the lift coefficients
were obtained by integrating the measured pressure dis-
tributions. For the NACA 0015 and 4415 sections, the
lift coefficients shown were calculated from wall-reaction
force tests made simultaneously with the pressure-distribu-
tion measurements. This method, as mentioned previously,
produces results as aceurate as those derived from the pres-
sure distributions without the tedious integration procedures
involved in the latter method.

On each of the figures 12 through 16 are plotted theoretical
airfoil critical speeds, taken from reference 2, for comparison
with the experimental critical speeds determined from the
measured pressure distributions by the method outlined in
reference 3. In the belief that they are of greater significance
than critical speeds in marking the onset of abrupt adverse
changes in airfoil characteristics at compressibility speeds,
Mach numbers of lift and drag divergence, appropriately
defined hereinafter, are also plotted on each of these figures.
The Mach number of lift divergence for a given angle of
attack is defined in this report as the lowest value of the
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Mach number corresponding to an inflection point on the
curve of lift coefficient against Mach number. The value
of the Mach number at which the slope of the curve of
drag coefficient against Mach number becomes equal to
0.10 is arbitrarily defined as the Mach number of drag
divergence.

The drag-divergence Mach numbers indicated in figures
12 through 16 were taken from the plots (figs. 17 to 21,
incl.) of section drag coefficient against Mach number at
constant angles of attack for the respective airfoils investi-
gated. Drag coefficients were computed from the wake-
survey measurements.

The variation of section quarter-chord pitching-moment
coefficient with Mach number for the five airfoils is. illus-
trated in figures 22 through 24 for angles of attack from
—8° to 10°. Except in the case of the NACA 0015 and
4415 airfoils, where the pitching moments were determined
from wall-reaction measurements, the values of section
pitching-moment coefficients were derived from integrated
pressure distributions. .

The airfoil section characteristics of lift, drag, and pitching
moment reported herein huve been completely corrected for
tunnel-wall interference by the method of reference 1. The
dashed lines at the high-speed extremities of the curves of
figures 12 to 24, inclusive, were used to indicate that char-
acteristics observed in the vicinity of the chokiog velocity
of the wind tunnel are of questionable validity.

In figures 25 through 29, cross plots of the variation of
section lift coefficient with angle of attack at constant
Mach number are shown for the respective airfoils. The
variations of section drag and pitching-moment coefficients
with section lift coefficient are presented in figures 30 to
34 and 35 to 39, respectively. Data obtained within 0.025
Mach number of the choking Mach number are again
indicated by dashed lines.

DISCUSSION

The study of the large number of pressure distributions
obtained in the course of the present investigation may per-
haps be facilitated by considering the characteristic differ-
ences of flows which are entirely subsonic and those which
consist of mixed subsonic and supersonic local velocities.
As a first step in this direction several representative pressure
distributions, shown in figure 2 (a}, for the NACA 65,215
(a=0.5) airfoil at —6° angle of attack will be discussed.
Considering the suberitical case, where the flow is entirely
subsonic, the growth in pressure coefficient corresponding
to the increase in Mach number from 0.300 to 0.501, for the
pressure distributions of figure 2 (a}), is in good agreement
with what would be predicted by the Kdrmén-Tsien theory.
The pressure coefficient at the lower surface 2.5-percent-chord
station noted for the 0.501 Mach number corresponds to a
local velocity which is slightly supersonic. Pressure dis-
tributions observed at Mach numbers above 0.50, then, fall
within the supereritical category.

The characteristics of pressure distributions are more com-
plex at supercritical than at subecritical Mach numbers.

Referring again to figure 2 (2), as the Mach number rises to_____

0.626, the lower-surface minimum-pressure coefficient be-
comes less negative and attains a value which corresponds
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to a local Mach number of about 1.5. At this free-stream
Mach number the supersonic flow over the forward 10 percent
of the airfoil chord on the lower surface is terminated by an
abrupt pressure recovery, indicative of a shock wave. Over
the remainder of the airfoil surface the flow is subsonic and
the pressure coefficients are still in good agreement with
these which would be predicted from the low-speed measure-
ments. When the free-stream Mach number is increased
still further, the lower-surface pressure-coeflicient peak
becomes less negative and the portion of the airfoil surface
over which the local velocities are supersonic increases in
length. At a Mach number of 0.757 the experimental
pressure distribution shows that there are supersonic veloe-
ities over the forward 50 percent of the lower surface, and
over the upper surface from the 40- to the 60-percent-chord
stations. The pressure coeflicients measured behind these
supersonic regions are somewhat more negative than would
be predicted by the Kérmén-Tsien theory, o difference which
becomes greater when the free-streem Mach number is
increased above 0.757.

The description which has just been presented applies to
a specific airfoil section at a specific angle of attack. Figures
2 through 6 show that the variation of the pressure distribu-
tions with Mach number is considerably different for other
airfoil sections and angles of attack. In all these cases,
however, the effect of compressibility at suberitical speeds
is to change the pressure distribution with Mach number in
& manner which is adequately represented, except very near
the airfoil leading edge, by the Kérmén-Tsien compressi-
bility correction. It can therefore be said that a satisfactory
understanding of airfoil pressure distributions at suberitical
Mach numbers has been achieved.

The nature of supersonic fiow being fundamentally differ-

ent from subsonic flow, the pressure distribution over that .

portion of the airfoil where the local flow velocities are
supersonic cannot be expected to be directly related to the
local low-speed pressure distribution. A study of the pres-
sure-distribution data presented in this report reveals that,
outside the local region of supersonic flow, there is a general
resemblance between the supercritical and the suberitical
pressure distributions for the same airfoil. This fact provides
valuable assistance in studying those pressure distributions,
characteristic of small angles of attack, for which the region
of supersonic flow does not begin until some distance from
the airfoil leading edge. Another factor of assistance in the
analysis at these angles is a general similarity of the shape of
the supersonic portion of the pressure distribution for all
five airfoils investigated. _

An analysis of the particular type of i)i'essure distribution

characteristic of small angles of attack revealed that the
subsonic portion of supereritical pressure distributions could
be related to tlic subcritical pressure distribution for the
same airfoil at a reduced angle of attack. This relationship
is not surprising since figures 12 through 16 indicate that
marked changes in the airfoil circulation occur . after the
critical speed is exceeded. At small angles of attack the
shape of the supersonic portion of the supercritical pressure
distribution resembles that which would be calculated by
the Prandtl-Meyer supersonic theory; however, the magni-
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tude of the measured chordwise pressure varintion is less than
that calculated. Such theoretical calculations are invalid
at subsonic-stream Mach numbers where the local super
sonic region is of limited extent. Development of a theory
treating the effects of supersonic regions of limited extent is
beyond the scope of the present report.

A major difficulty arises in the treatment of pressure dis-
tributions at large angles of attack in that supersonic
velocities occur in the immediate vieinity of the airfoil lead-
ing edge in which region, as has been mentioned, available
theories are inadequate. An understanding of {hie nature of
the variation of pressure coefficients with Mach number in
the immediate vicinity of the airfoil leading edge at super-
critical Mach numbers is basic to a quantitative analysis of
supercritical pressure distributions. In order to siudy con-
ditions near the airfoil leading edge, consider the variation of
pressure coefficient with Mach number at the 2Y4-percent-
chord station, the most forivard staution at whicl pressure
cocfficients were measured in the present study., These
date are shown in figures 7 through 11. It is observed in
every case that, at free-stream Mach numbers somewhat
above the critical; a relatively constant local Mach number
is maintained while the free-stream Mach number is increas-
ing. This constant local Mach number apparently can be
either subsonic or supersonic but there is no evident relation-
ship between its magnitude and the value of the low-speed
pressure coefficient. No satisfactory explanation has as yet
been developed to permit a quantitative assessment of (his
bebhavior. However, the data of the present investigalion
are sufficient fo permit a qualitative formulation of the
characteristics of supereritical pressure distril»utions.

In studying supereritical pressure distributions it soon
becomes apparent that the pressure coeflicients over the rear
portion of the airfoils at large Mach numbers are affected by
some factor not previously considered. It was observed that
a marked dccrease occurs in the pressures over the rear
portion of the airfoil with increasing Mach number only
after the drag cocfficient exceeds a value of about 0.05. A
similar change in pressure distributions occurs at low speeds
for increasing angles of atlack in the vicinily of maximum
lift. This latter change is known to be the resull of a marked
local increase in boundary-layer thickness. Morcover, the
low-speed drag cocfficient at maximum lift is of the magni-
tude of 0.05 for Reynolds numbers comparable to those of
the present tests {1,000,000 to 2,000,000). It therefore
seems likely that the local pressure distribution changes over
the rear portion of airfoils at high supereritical speeds are a
result of marked local boundary-layer growth., Beenuse of
the complexity of this phenomenon, the following discussion
will be restricted to those Mach numbers for which boundary-
layer effects are of secondary importance.

The general behavior with increasing Mach number of the
supersonic region of the pressure distributions ever the air-
foils tested appears to be directly related {o the shape of the
pressure distribution at the ecritical Mach number. The
shapes of pressure distributions at the eritical speed can be
classified into five types: (1) a sharp pressure peak with
moderate minimum pressure at the nose of the airfoil,
typical for low-drag airfoils at lift coefficients immediately
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outside the low-drag-coefficient range; (2) nearly constant
pressures over the forward portion of the airfoil, typical for
low-drag airfoils at lift coefficients within the low-drag-
coefficient range; (3) large negative pressure coefficients at
the nose of the airfoil, typical for large additional lift coeffi-
cients; (4) minimum pressure ahead of about the quarter-
chord station followed by gentle pressure recovery, typical
for conventional airfoils at small angles of attack; and (5)
rounded pressure peak at airfoil nose, typical for conven-
tional airfoils at moderate angles of attack. The character-
istics of each of these types will now be discussed individually.
It should be borne in mind that the analysis is based only on
measurements at moderate Reynolds numbers on airfoil
sections of 15-percent-chord thickness so that numerical
values stated may be different for thinner or thicker sections.

The abrupt forward peak of the type 1 pressure distribu-
tion occurs for low-drag airfoils at moderate positive and
negative angles of attack and for conventional airfoils with
camber far forward, such as the NACA 23015, at moderate
negative angles of attack. The following table lists the
cases of this type found in the figures of the present data
together with the experimentally determined critical Mach
number and also the upper limit of Mach number for which
this pressure distribution classification can be used, namely,
the Mach number M; at which the drag coefficient attains
the value of 0.05:

Mach Number
e of Critleal
Alrfofl Section |Attack (deg) Flg. No. Mach Num
ber, Mo A for AM~M
ca=0.05
65215 -5 2(a} 0.48 0.7 027 |
66216 —4 2 &7 .T8 .21
66215 8 2 £7 .66 .19
66, 2-215 —6 3 a{ 45 T4 .28
68, 2-21% —4 3 58 .79 .21
68, 2-215 6 3 52 .7l -19
65,2215 | 8 3 48 -68 =
23015 . —6 5(a) .50 .73 .28
2015 | —4 5(b) K. .] . .23

It is seen that for type 1 pressure distributions the critical
Mach number is low, in the neighborhood of 0.5, and with
increasing Mach number the drag rises relatively slowly so
that 3/, is betwéen 0.19 and 0.28 above the critical Mach
number. Within this supercritical Mach number range, as
the Mach number is increased the minimum pressure co-
efficient becomes less negative and the chordwise extent of
the supersonic portion of the pressure distribution increases
until at M, the pressure coefficients over the forward third
or half of the airfoil are relatively constant.

The low-drag pressure distribution of type 2 has the same
general shape at supercritical speeds as at subcritical speeds.
The following configurations are of this type:

Critteal Mach Number
trfoll Scet A-ﬂile of i -
Al fon | 4 f1ack (degy | T8 No- M{,‘Sf} Es['im 2y for Y
cem0.05 Ai—Me

85¢-215 ] 2 Ec 0.66 0.8%0 [ )
65215 o 2 .67 .81 Y
85¢-215 2 2 (e) .65 TT .12
85215 4 K f% .62 .72 .10
66,2-215 -2 3 (g, .70 80 .10
66, 2-215 ¢ 3(d) .09 .81 .12
84, 2-216 2 2(e) .67 .82 .15
6, 2-215 4 3 .62 Tt .12
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For pressure distributions of this type the critical Mach
number is high, and above this critical Mach number the drag
rises rather rapidly so that 1f; is only about 0.10 to 0. 15
above the critical Mach number.

For the airfoils tested the type 3 pressure distribution oe-
curred only at angles of attack above 10°. The relatively
low test Reynolds numbers and the variation of Reynolds
number with Mach number do not permit any definite con-
clusions for this type. It appears that the trend is for the

general shape of the pressure distribution to remain the same,

while the magnitude of the nose pressure peak decreases
with increasing Mach numbers. i

The type 4 conventional-airfoil-section pressure distribu-
tion for moderate angles of attack has, at subcritical speeds,
minimum pressure near the airfoil nose followed by & more
or less gentle pressure recovery. At supercritical speeds the
minimum pressure point moves rearward and the length of
the supersonic velocity region increases with increasing Mach
number. Examples of this variation are foynd in the figures
listed in the following table:

J ) Critical AMach Number
A.nee of
|A frfofl Section Aftack (deg) Fig. No. Maeh\:}l:m M, tor
re y Ai—Ma
ca=0.05
0015 a 4 a; 0.70 0.8L 0.11
0015 —3 4 .85 .80 .15
0015 —4 4 (¢) .58 .73 .15
23015 1] 5 (d) .64 -80 .16
23015 2 5 (e) .5 .75 .16
23015 4 5(f) .53 .68 .15
41415 -2 6 (e) .63 .76 .13
415 o 6(d) .62 .75 .13
4415 2 ] g .59 .7l .12
4415 4 (] .56 .68 .10

The Mach number A; is from 0.10 to 0.16, above the critical
Mach number. At Af; the supersonic portion of the pressure
distribution terminates somewhere between 30 and 60 per-
cent of the airfoil chord from the nose, depending upon the
suberitical pressure-recovery gradient. The less rapid the
pressure recovery behind minimum pressure at subcritical
speeds the more extensive will be the length of the supersonie
flow region at A;.

The type 5 pressure distribution for conventional airfoils at
moderate angles of attack has a nose pressure peak at sub-
critical speeds which is less abrupt than that of type 1, but
what seems to be more important is the fact that the peak
is not followed by a region of relatively constant préssure
as it is for type 1. At slightly supercritical speeds the type
5 pressure peak rounds off so that the supersonic region is
from 10-to 30 percent of the chord in length. At increasingly
supercritical speeds, the length of the supersonic region
remains constant at this limited value. Type 5 pressure
distributions occur in the following configurations of the
present investigation: NACA 0015 at —8° and NACA
23015 and 4415 airfoils at 8° and 10° angles of attack. For
these cases the critical Mach number is about 0.45 and the
value of M, is between 0.08 and 0.16 above the critical
Mach number.

Of course there is no ebrupt change in the shape of the
pressure distribution with changing angle of attack. There-
fore, it is to be expected that there will be borderline cases
in which the behavior of the pressure distribution at super-
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critical Mach numbers is between two of the types pre-
viously discussed. The experimental pressure distributions
indicate that this overlap is limited to dan angle-of-attack
range of only 1° or 2°. In the following table the pressure
distributions presented in the present report are classified
according to the type of variation with Mach number of the
supersonic portion of the pressure distributions for the
surface on which the local velocity of sound is first attained:

Angle of NACA Alrfolls
‘Attack
(deg) © 85os £6,2-215 0015 23015 415
—10 ) 35 -
¢ 5
-6 1 i 5 i 33
—4 1 1 4 1 54
—3 2 a H 1-4 4
g 2 2 H " ‘
2 a 3 ‘ i 1
4 2 2 & 4 4
H 21 1 45 s 5 -
: 3 1 1 5 5 5
| 10 18 18 53 5 5

This table shows that at positive angles of attack the low-drag
airfoils have one pattern which is different from that of all the
conventional airfoil sections. At modersdte and large negative
angles of attack this simple differentiation does not hold,
differences in type of camber line having as much effect as
type of thickness distribution.

As the pressure distribution over an airfoil changes with
Mach number there is naturally a resultant variation of the
airfoil-section characteristics. A parameter which would be
expected 1o affect this variation is the critical Mach number,
at which value sonic velocity is first attdined at some point
on the airfoil surface. The surprising thing is that no changes
are observed in the variation of section lift and drag coeffi-
cients with Mach number at the critical Mach number. It
has therefore been necessary to introduce two other param-
eters, denoted as the lift- and drag-divergence Mach num-
bers, which satisfactorily locate the change in variation of lift
and drag cocfficient with Mach number. It is seen in figures
12 through 16 that for all the airfoil sections and most of the
angles of attack investigated the lift-divergence Mach num-
ber is the same as the drag-divergence Mach number, and
has a value somewhat larger than the critical Mach number.
The inerement of the Lift- and drag-divergence Mach number
above the critical Mach number was studied for each airfoil
and angle of attack in terms of the elassification scheme for
the type of pressure distribution. The following facts were
noted: For types 2, 4, and 5§ pressure distributions, lift and
drag divergence occur at a Mach number about 0.05 above the
critical Mach number, while for types 1 and 3 this Mach
number increment is about 0.15 to 0.20. In the description
of the pressure-distribution classification it was-pointed out
that for each type there was an approximate value for the
difference between the critical Mach number and the Mach
number Af; at which the drag coefficient attains the value of
0.05. The numerical values for this Mach number difference
were given as: type 1 from 0.19 to 0.28, type 2 from 0.10 to
0.15, type 3 undetermined because of insufficient data, type
4 from Q.10 to 0.16, and type 5 from 0.08 to 0.16. This
information together with that for the drag-divergence Mach
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number permits an estimate of the rapidily of the increase in
drag coefficient at supereritical Mach numbers.

The method of classifying pressure distributions which has
been presented appears to be of value in estimating the
general differences in pressure-distribution variation with
Mach number and also some changes in scetion charactler-
isties at supercritical Mach number as determined by the
airfoil shape and angle of attack.

The variation with Mach number in the character of the
flow over airfoils, which has been discussed in the preceding
sections, is accompanied by profound changes in the forces
and moments acting on the airfoils, the detailed discussion
of which will not be undertaken here. The treatment will
be confined instead to a discussion of the extenl to which
the characteristics of the several broad eclassifications of
airfoils investigated are affected by compressibility.

LIFT CHARACTERISTICS

From figures 12 through 16 of the variation of seetion Lft
coefficient with Mach number at constant incidence for the
NACA 650215 (e=0.5), 66,2-215 (a=0.6), 0015, 23015,
and 4415 airfoils, the suberitical belhavior is seen o be
sensibly the same for all five airfoils. Exeept at high angles
of attack the lift coefficient increases with Mach number

- approximately in the ratio 1//T—Af* until the eritical”

speed has been appreciably exceeded. At supereritical
speeds the lift characteristies of the low-drag airfoils are
definitely superior to those of the conventional airfoils inves-
tigated on several counts. For moderate and high angles of
attack, the Mach numbers of 1ift divergence are considerably
higher for the low-drag airfoils than for the conventional
sections. Moreover, upon exceeding the lift-divergence
velocity at high angles of attack the conventional airfoils
experience a more severe loss in lift than do the NACA 45~
215 (a=0.5) and 66,2-215 (@=0.6) sections.

Perhaps the most important difference in the supereritical
characteristics of the low-drag and conventional profiles
lies in the changes in lift-curve slope beyond the lift-diver-
gence Mach numbers of the respeetive airfoils.  Although
all the airfoils experience a reduction in lift-curve slope upon
exceeding their lift-divergenee veloecities, the econventional
sections suffer particularly in this respeet. The variation in
liftcurve slope with Mach number at 0.2 lift coefficient
shown in figure 40 for all five airfoils llustirates this faef.
The slope of the lift curve is of particular signifieance because
it is one of the principal factors affecting airplane stability.
Excessively low slopes tend to promote extreme airplane
stability, a very undesirable characteristic. The NACA
low-drag sections, then, possess a definile advantage in this
regard over the conventional sections al supereritical speeds.

Another parameter of great importance in airplane con-
trol is the angle of zero lift. Figure 41 depicts the variation
with Mach number in the angle of zero lift for all five airfoils.
It is noted that the low-drag and cambered conventional
sections alike experience marked positive shifts in {heir
respective angles of zero lift at supereritical speeds. The
change for the NACA 4415 sairfoil is particularly severe bui
should be regarded as being characteristic of highly cam-
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bered rather than conventional airfoils alone. This positive
shift in the angle of zero lift is detrimental in that it alters
airplane trim in a direction to promote an airplane diving
tendency upon exceeding the Mach number of lift divergence.
Disregarding the NACA 4415 section as a special case, the
low-drag and conventjonal profiles exhibit this undesirable
characteristic to approximately the same degree. The con-
stant positive angle of zero lift noted in the figure for the
NACA 0015 airfoil is attributed to imperfect model con-
struction and not to any aerodynamic phenomenon.

One additional item of interest regarding the comparative
lift characteristics of the low-drag and the conventional air-
foils is the variation of the maximum lift coefficient with
Mach number which may be seen in figures 25 to 29. Al-
though the Reynolds numbers of the present tests were too
low to permit an accurate quantitative assessment of the
maximum lift coefficients, the results are of qualitative value

in indicating the trend of the changes in this parameter with’

Mach number. For the low-drag NACA 65,215 (@=0.5)
and 66,2-215 (¢=0.6) airfoils the maximum Lft coefficient
first decreases slightly with Mach number, then rises ap-
preciably at moderately high speeds and finally declines
gradually at the highest Mach numbers. The over-all var-
iation is not very great, however. In contrast to this be-
havior, the maximum lift coefficients for the conventional
NACA 0015 and 23015 sections fall off at first sharply, and
later, decressingly with Mach number. The character of
the variation of maximum Iift coefficient with Mach number
for the NACA 4415 airfoil lies in between the other two
types except at the higher Mach numbers where it resembles
more closely the variation for the conventional profiles. At
high suberitical and all supercritical speeds, then, the low-
drag airfoils are superior to the conventional sections in this
respect.
DRAG CHARACTERISTICS

The high-speed performance of airplanes is largely deter-
mined by the drag characteristics of the airfoil sections com-
posing the principel lifting surfaces. The variation of sec-
tion drag coefficient with Mach number illustrated in figures
17 to 21 for the representative airfoils investigated then be-
comes of particular interest. Except at moderately high
positive angles of attack the general character of the varia-
tion in drag coefficient with Mach number is the same for
both the low-drag and conventional airfoils. At the higher
positive angles of attack the low-drag airfoils exhibit a
peculiar decrease in drag beyond the critical speed which is
apparent as a dip in the curve of drag cocfficient against
Mach number. This phenomenon, believed to be associated
with flow separation was not observed for the conventional
airfoils.

The drag characteristics of the several airfoil types can
best be compared in figure 42 where the section drag coeffi-
cient at 0.2 lift coefficient is shown as a function of Mach
number for all five airfoils. It is readily apparent from an
examination of this figure that the low-drag airfoils possess
no advantage over the conventional airfoil sections insofar
as supercritical speed performance is concerned. The NACA
4415 airfoil appears to be definitely inferior fo the other
airfoils investigated.

MOMENT CHARACTERISTICS

Airfoil pitching moments are of interest here only insofar
as they affect airplane stability characteristies at super-
critical speeds. The variation with Mach number of the
quarter-chord pitching-moment coefficient seen in figures 22
to 24 for the NACA 65.-215 (a=0.5), 66,2215 (¢=0.6),
23015, 0015, and 4415 airfoil sections, respectively, is too
small for all the airfoils investigated, except possibly the
NACA 4415 at high angles of attack, to appreciably affect
airplane trim.

CONCLUSIONS

From the results of pressure distribution and drag measure-
ments et high speeds and moderate Reynolds numbers
(1,000,000 to 2,000,000) for a representative group of 15-
percent-chord-thick low-drag and conventional airfoil sec-
tions several conclusions regarding the characteristics of
airfoils at suberitical and supereritical velocities are drawn.
It should be emphasized that the following conclusions apply
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specifically to airfoils of thicknesses in the vicinity of 15 per-

cent of the airfoil chord and do not necessarily apply in the
general case.

1. At suberitical velocities the Kdrmdan-Tsien modification
of potential theory for compressibility satisfactorily predicts
the variation of the local pressure coefficient with Mach
number on an airfoil surface except in the vicinity of the
leading edge. One consequence of this result is the very

satisfactory agreement noted in the present investigation

between experimental and theoretical eritical Mach numbers
at other than large angles of attack.

2. At supercritical speeds the variation of pressure dis-
tribution with Mach number for both low-drag and conven-
tional airfoils appears to be directly releted to .the
form of the corresponding low-speed pressure distributions.
Although this relationship is purely qualitative it permiis a
more rational understanding of the charaecter of supercritical
speed flows.

3. At suberitical Mach numbers there appears to be little

to choose between the lift characteristies of the low-drag and

the conventional airfoils except insofar as the maximum lift
coefficient is concerned, where the conventional sections hold
the advantage at low speeds and the low-drag profiles are
favored at the higher velocities. For low-drag and con-
ventional airfoils alike, the lift, and consequently the lift-
curve slope, increases with Mach number approximately in
the ratio 1/4/1—ALf2 until the critical speed has been exceeded.
4. The supercritical speed lift characteristics of the low-
drag airfoils, as represented by the NACA 65,-215 (a@=0.5)
and 66,2-215 (¢=0.6) sections, are definitely superior to the
corresponding characteristics of the conventional profiles
investigated in that the lift-curve slopes of the former are not
nearly as drastically reduced beyond the Mach numbers of
lift divergence as are the slopes of the latter sections. More-
over, the lift-divergence velocities at the higher angles of
attack are greater for the low-drag than for the conventional

airfoils, enhancing the high-speed maneuverability of aﬁ'_:_

planes employing the former sections.
5. The low-dreg and moderately cambered conventional
airfoils exhibit an equally unfavorable positive shift in the

angle of zero lift at high supercritical speeds. The NACA
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4415 aifoil, a special case as a highly cambered section,
exhibits particularly undesirable characteristics in this
respect. ' :

6. At supercritical speeds in the normal lift-coefficient
range, the drag characteristics of the low-drag and conven-
tional airfoils are sensibly the same, no advantage being
discernible for the low-drag type in this range. Although
the critical speeds for the conventional sections are con-
siderably lower than those for the low-drag type, in the
vicinity of the design lift coefficient the drag-divergence
Mach numbers are approximately equal for both types.

7. The variation of airfoil pitching-moment coefficients
with Mach number for the low-drag and conventional airfoils
alike is such as to have but small detrimental effects on the
performance characteristics of airplanes-at high speeds.

8. Although the low-drag airfoil would appear to possess
small advantage over the conventional section as far as high-

speed performance is concerned, it appears definitely superior
ta the latter in the matter of airplane stability and control at
supercritical speeds.

AMES AERONAUTICAL L:ABORATORY, )
Nationar Apvisory COMMITTEE FOR AERONAUTICS,
MorsrFerr FieLp, CaLrr.
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TABLE Ia.—EXPERIMENTAL LOAD DATA
[NACA 85215 (a=0.5) Bectlon Angle of Attuck, ay=—6°]

Station Values of load parameter, P= Pi— Py, for different Mach numbers
3
afe 0. 300 0. 400 0.501 0. 561 0. 801 T 0.626 0. 851 0.677 0.708 0.730 0. 757 0.782 0.811 0810
0 0 0 . 0 0 0 a ‘ 0 0 o o
. 028 —2.880 —8.120 —3.320 —3.210 ~3.130 —3.228 —3.035 —2.920 —2.685 —2. 530 —3.250 -32.100 -1.920 — 1800
060 —1.760 —1.885 — L 900 —2.660 —2.840 —2.768 —2681 —2 580 . —2.370 -2, —2.010 —1.840 ~1.870 —~1. 55
. 100 —1.270 —1.340 —~1. 390 —1.376 —1.520 ~2.278 —2.210 —2.200 ~2.020 —1.910 -1 000 —1. 540 —L370 —1. 30
180 —, 030 —1.030 —1 0656 —1.080 ~1.040 —1.080 —L 830 —1.930 —1. 805 —L 090 —1.490 ~1,340 -1, 180 -L100
200 —. 760 —. 820 —. 846 —. 860 —. 860 —. 820 —1.160 -1.710 —1.060 —1. 540 —1.35% —1.200 ~1. 000 - 970
. 250 —. 830 —. 678 —. 480 —. 700 -.710 —-. 710 —. 595 —1.480 —1.480 —1. 400 —L220 —1.0580 - 920 - 870
. 300 —. 520 —.526 —. 550 —. 660 —. 560 —. 580 —. 480 —. 670 -1.330 ~1.240 —1.050 —.880 -7 —.gg
.83 —.428 —. 401 —. 449 —. 458 —. 488 —. 481 —. £10 —. 404 —1.108 -L —. 874 —. 729 —. 833 —
. 400 —. 350 —. 340 —. 340 . —.34 —: 330 —. 350 —. 3% —.230 ~. 460 —.740 —. 600 —. 400 - 410 —_ %
. 450 —.283 —. 241 —, 324 —.213 —. 203 —.108 -—. 180 ~. 059 —.068 —. 338 —. 219 -. 109 -. 0% -
. 600 - 170 —. 170 —. 150 —. 130 —. 120 —.120. —. 070 2050 .050 O 010 . 100 . 200 D?O
. 850 -. 118 — 111 —. 073 —-.07 —. 008 —. 001 —.030 .01l 067 042 I . 260 .80 248
. 000 —.080 —. (80 —. 030 —.050 —. Q20 —. 026 020 020 080 —.010 . 120 310 . 400 . 350
. 700 —. 010 —.020 —. 035 —. 020 —.020 030 —. 030 ~.030 —.020 —. 040 —. 080 —-. 130 430 510
. 800 —.080 —. 040 —.010 —.020 —. 010 . 030 0 —. 030 20 —.050 —. 110 -—. 200 080 . 810
.850 —. 082 —. 044 —.031 —.032 - 007 —.019 —.010 —.021 —.012 —. 082 —. 121 —. 200 —.038 .152
.875 —. 058 -—.056 —. 044 —.053 —. 043 —. (41 —. 055 —.054 —. 07 —.073 —. 144 —. 204 —.07% . 358
TABLE Ib.—EXPERIMENTAL LOAD DATA
[NACA 65:-215 (a=0.5) Section Angle of Attack, ay=—4°]
Station Values of load parameter, Pm= Pt~ P, for differant Mach numbers
zfe 0. 300 0. 400 0.500 0. 550 0. 601 0.626 0.651 0.876 0. 701 0.726 b.753 0.780 0. 810 0.8H 0.879
0 0 0 0 0 1] 0 0 0 0 g [ I ]
026 —1.85% —1930 —2.020 —2. 110 —2 215 —2 210 —2.3%0 ~2.365 —4. 250 —2.180 —2.010 —1.825 —1,658 —1. A0 -1 450
050 —L 320 —1.380 —~L1520 —L310 —1.760 —1.828 —L000 | —L940 —L 970 —1.880 —-1.736 —1. 560 ~1, 390 —1.290 -1, 200
. 100 —.830 —.860 « 920 —. 960 —L 000 —1.000 —. 970 ~1.400 —L 540 —1.830 —1. 415 —1.250 —L10g =L010 ; -.9%
. 160 —. 800 —. 840 -. 590 —.730 - 770 —. 79 —. 810 —.768 —1.230 —1.320 —1.215 ~1070 - 920 -, 530 -.T:0
<200 —. 488 —. 400 —. 520 —. 550 —. 578 —. 800 —. 620 —.840 —.750 —~L.145 —1070 —. 930 —.820 —, 740 -.G80
. 250 —. 870 —. 380 —. 400 —.430 —. 450 —. 450 — 480 —. 530 —.460 —. 065 —. 980 —. 830 -. 738 -.03%0 —. G600
. 300 —. 260 —. 200 —.300 -.310 - 30 -—. 360 —. 380 —. 400 —. 385 -—.760 —. 860 —.710 —.000 - —. 510
. 350 —.228 —. 241 —. 244 —.258 —.268 —. 286 —. 305 —. 339 - —.458 -7 —.024 -, 520 ~. 457 - 424
400 —. 1565 —. 180 —. 180 -.171 —. 170 —. 175 —. 200 —.200 —.220 —. 120 —. 530 —. 480 —. 300 —, 350 —. 348
. 480 —.063 —.070 —.044 —. 048 - —. 081 —. 050 —. 054 +—-048 . 052 —. 204 —, 254 —. 143 —. 152 - 204
. 500 —. 030 —. 030 030 —. 030 1) . Q .20 020 Rl 005 - O —. 030 —.038 —.020 -, 420
. 650 —. 003 —.011 . 026 .0i2 027 . 044 . 050 071 .082 Jda2 . 181 .181 L1168 .18 —. 1M
. 800 —. 010 —.020 040 040 070 070 085 120 .120 . 160 240 . 340 . 320 270 -, 003
. 700 —.010 ~. 040 —. 020 ¢ 010 0 020 . 020 —. 020 —.050 <160 .50 080
. 800 —. 020 ] 1] ¢ 010 . 008 .010 .035 .010 —. 016 —.010 —.020 -, 020 . 148 110
.850 —. 027 —.024 —.008 —. 013 —.007 —. 039 —.020 - —.012 .008 —. 021 —. 061 —. 050 . 102 <108
878 —. 008 —.021 . 008 L002 017 .04 0 —. 004 . —.038 —. 048 —.029 —. 050 078 ]
TABLE Ic.—EXPERIMENTAL LOAD DATA
[NACA 85215 (2=0.5) Section Angle of Attack, ay=m—2°]
Statlon Velues of load parameter, Pw Pi— P, for difierent Mach numbers
z/e 0.300 0. 400 0.500 0. 550 0. 600 0.625 0. 650 0.675 0.701 0.726 0. 751 0.778 0.506 0. 538 0.876
0 ¢ "] 0 [ 0 [ 1] 1]
. 026 —1.002 —1.010 -~L 119 -=1.118 —1.140 —1.105 —~1.233 —~1.284 —1.288 ~1.812 —1.320 -1.318 —1.270 -1.107 —1.00
. 050 065 —. 000 —. T40 —. 783 —. 774 —. 818 —1 850 - —. B¢ —-. 020 —. 040 —. 940 —. 920 -. 8582 - %
. 10¢ —.390 —.410 —. 447 —. 450 —. 497 —. 518 - —. 553 —.B10 —. 631 —. 080 —. 682 —. 024 —. 827 —_
.150 —. 240 —. 200 —. 284 —, 308 —. 325 —. 341 —.364 —.392 —. 400 —. 407 —. 50 —~. 572 —. 530 -. 513 -, 109
- 200 -, 159 —. 160 —. 182 —.182 —: 185 - —. 240 —. 258 -. 288 —.329 —. 438 —. 478 ~. 470 —. 438 -, 320
. 250 —.080 —. 089 —. 100 —.100 - 110 - . —.140 —.149 —.171 —. 216 - 330 -, 387 —.335 -. 367 —. I3
.300 —. 02 —. 026 —. 030 —. 040 —. (22 —. 040 —. (057 —. 042 —.07 —~.100 —.230 —. 282 -~ 319 ~. 300 —~. 388
350 002 004 —. 004 —. 010 . 004 —.00L —. 015 001 — —. 048 —. 139 —.23¢ —. 333 -, 232 - 102
400 . 050 040 . 040 L0582 078 030 . 060 070 . 078 081 —. 192 —. 180 —-.15% -, 102
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TABLE IIa.—EXPERIMENTAL LOAD DATA
[NACA 68,2215 (a=0.8) Section Angls of Atteck, cy=—&°]
Station Values of load parameter, Pw Pj— P, for different Mach numbers
. - - .

zfe 0.300 0.400 0.500 0.561 0.60L 0.626 0.651 0.676 0.702 0.723 0.758 0.782 0812 [+ ¥:1K]

0 ] 0 [ D [ 0 0 a 0 0 0 -]

0. 026 —2. 908 —2.765 —3.200 —3.195 —3.025 —2,975 —8. 050 —3.830 —2.710 —2.550 —% 330 —~2.118 -1.550 -1L.7%0
. 050 —1. 800 —L.780 ~L 770 -3, 060 —2.790 —2.7156 —2, 630 ~3, 523 ~2. 435 —4.310 ~2.100 —1.895 -1.740 -L &%
. 100 —L185 —1. 245 —1.306 —1.200 —L387 —1. 556 ~2. 220 —2:110 —2. 056 —1.836 —1, 743 -1, 550 ~1L 420 —L 25
. 150 —-. 815 —. 985 —1.000 —1.015 —L1006 —. 970 —1.195 —~L 840 —~1.810 —=1.745 -1.500 -1, 408 =-1,270 ~1.180
. 200 —.730 —. 780 —. 780 —.800 —. 320 —. 780 —. 726 —L 5O —1.635 -1, 3856 =1, 425 —1.285 =112 -1 025
. 250 —. 600 —. 630 —. 640 —. 670 —. 870 —. 685 —. 640 —. 750 —~1420 —1.410 =-1.290 —1,136 ~1, 630 -, 910
. 300 —. 485 —. 305 —. 530. —. §50 —. 540 —. 545 —. 530 —. 430 —=L170 —1.336 —1. 205 -1,025 - 950 —.%g
.350 —. 378 —.381 —. 390 —. 423 - —.411 —. 410 —. 844 —. 468 —L 148 —=1.079 —. 87 —. 530 -
400 — 205 —.310 —.310 -.300 —. 310 ~-300 —. 205 - —. 180 - —. 045 -, G630 —, 083 -_ %
. 450 — 213 —. 221 —. 218 . 238 —. 218 —; 181 —. 186 — 179 —. 07 —. 278 —. 55 -. 369 —. {i0 —_
500 —. 160 —. 160 —. 140 —. 130 —. 140 —. 110 —. 126 — 105 035 0 —. 180 -1 —. 200 - 385
. 550 —.108 —. 101 —. 069 —. 068 —_ - bi1 —. 015 —. 009 .007 .162 .128 .1 . 010 -, 172
. 800 —. 040 —. 036 —. 02 . 006 .45 . 046 078 076 125 20 .335 303 it .00
. 700 060 115 115 <145 .185 .185 . 20 . 235 245 320 435 ag L340 R
. 800 —. 050 —. QL5 .20 .010 - (20 030 025 020 018 —. 015 0 . .o .

. 850 —. 057 —. 058 —. 036 —. 022 —. 032 —. 024 ~, 036 4 —. 007 —, 002 —. 051 —, 081 025 « 187
878 —. 043 -, 020 —. 21 —. 043 —. 033 —. 021 —. 020 —. 014 —. (48 —. 43 —. 068 —.03% . 110 Bl
TABLE Ilb.—EXPERIMENTAL LOAD DATA
[INACA 68,2-216 (a=0.6) Section Angle of Attack, cy=—4°)
Station Values of load parameter, P=P;— Py, for different Mech numbers B
zle 0.300 0.400 0.600 0.55) 0.600 0.026 0.861 0.876 0.701 0.725 0.752 0.782 0.807 0.839

)] 0 0 0 0 0 ] 0 0 ] )] 0 0
0.025 —1.635 —1.706 —1.825 —1.870 —2.000 —1,990 —2. 030 —4Z, 080 —-2.118 -2 020 —L 900 -1.750 —-1G25 -1 193
. 050 —1.085 —1260 —1.355 —1.208 —1. 518 —~1.575 —1.040 —1.700 —1. 7456 =170 —L 478 -1,5830 -1, {05 ~1, 290
. 100 —. 786 —. 785 - 810 -, 8§50 —. 900 —.010 —~. 878 —. 858 —1.280 ~-1.370 -1.338 —1. 220 ~1.13% -1, 010
.160 —. 876 — 585 —. 085 =, 045 —. 080 —. 670 —. 006 —. 70 —. 830 -1.110 —1. 180 -1, 080 —. 950 -, 8%
. 200 —. 406 —. 440 —. 460 —, 460 —. 500 —. 500 —. 526 — 535 —. 520 —. 795 ~1.020 —. 010 -, 846 -, 718
.25 —. 820 —. 345 —. 376 —. 368 —. 410 —. 410 —. 430 —. 450 —. 450 —. 400 —. 905 —. 870 -.T4 —. 6%
300 —. 240 -—. 280 —. 280 —. 290 —. 306 —. 3% —. 306 —. 820 —. 350 —. 318 —. 790 —, 800 — 710 —.Gih
.35 | —. 163 —. 176 —. 17 —. 178 —.193 —.20L —. 200 —.214 ~. 228 —. 163 —. 509 ] —. (20 - M7
. 400 —. 110 -~ 115 - 120 —. 100 —120 | —.115 —. 118 —.120 —. 120 —. 148 —.350 - —. 500 - 4t0
450 —. 058 —~, 051 —.059 —.0583 —. 063 —. (051 —. 040 —. 039 — 028 —. 003 —.09¢ — 474 —, 410 -.38
L5g0 |- —. 015 —. (125 —. 020 0 . —.010 | 0. . 020 . 086 040 030 . 060 —. 370 -, 390 -, 260
L850 | 027 (e . 048 . 082 057 009 . 030 101 A2 .182 .18l —-. 149 —, 130 —. 18
. 600 . 060 . 066 . 085 <100 . 120 120 . 150 .168 . 180 B 0] 295 . 290 060 ~, 08}
.700 160 . 165 .20 270 <280 .810 . 340 7 390 410 158 .35 . 380 . 100
800 - 020 . 006 . 083 . 065 . 060 040 .00 L1685 . . 020 .050 036 . 105 .210 A%
.85%0 —. (33 —. 014 —.011 008 018 <025 030 049 -. 003 .008 004 .0 . 158 112
. 876 —.018 —. 021 —. 004 012 007 S04 020 o0 .012 —. 008 .00g .38 — 120 Bl

TABLE IIe.—EXPERIMENTAL LOAD DATA
INACA 06,2-216 (r=0.6) Scction Angle of Attack, ag=—2°]
Station Values of load parametor, P=Pr— [, for different Mach numbers
xfe 0. 300 0. 100 0. 500 C. 550 0. 690 0. 625 0. 650 0.675 0. 701 ©TN 0.751 0. 780 osm 09334
0 0 0 0 [ 0 . ¢ 0 . '}
.028 —.853 —. 805 —.930. — 830 —. 080 —1.028 —. 978 —L1.085 —1L095 —1.1156 =L 1§ ~1.108 -1,165 —1,058
. Q80 -, 568 —. 020 -, 855 . 005 —. 605 -.730 —. 780 - —'786 —. 815 -. 800 —. 920 ~1.015 -1.018 —. 25
.100 —.338 —.3% ~.370 410 —. 400 — 450 —.455 —.485 . 505 —.555 —.60 —.650 —. 70 -
.150 —-. 210 —-240 —. 255 o 276 —.280 —. 305 -, 255 —, —. 380 —. 305 —. 4856 ~, 580 —. 600 -
. 200 —.120 —.131 —.140) 1856 —.140 —. 185 —. 175 190 —. 205 —. 350 . 310 — 425 -, 100 -
. 250 —.083 —. 07 —. 75 -, 100 —. 095 —-. 118 —. 115 —. 125 - 145 —. 185 —. 285 —. 38 —. 115 —_
300 —. 034 ~-~. (36 - —. 040 —. 048 —. 03] —. 056 —. G55 —.076 —. 100 —, 18% -. 310 -, 360 - 34
.350 .022 017 .018 017 27 .01 . 006 -006 .boz —. 013 —. 078 —. 220 ~.305 - 22
. 400 . 063 . 056 080 . 080 . 088 (78 1130 .0%0 ?00 . 030 - 140 -, H} -
. 480 . 087 .88 102 1y /] L7 119 .118 . 131 .132 - 142 .108 —. 040 -. 108 - A77
. 500 .08 109 .130 125 150 150 .180 .185 .190 . 165 .30 -, 125 -, 118
. 860 . 126 .134 L1468 . 152 17 .219 220 .196 .22 52 . 216 116 - Q10 —. 047
600 187 .145 1M .165 198 270 .185 J310 245 . 350 .28% 140 —. (%0 ¢
. 700 .108 <245 .290 - 205 345 370 365 .420 - 440 L4858 . 400 . 235 085
. 800 020 .g26 . 000 - 45 . 010 . 045 045 086 .30 L0358 085 . 138 .28
. 850 023 011 040 028 .018 . 006 .20 . 034 Nut 013 034 -, 7 118 .01
878 —. 00K . 003 —. 016 . 002 012 014 - —. 020 —.008 —.003 .00L —. 06t 110 .03
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TABLE IId—EXPERIMENTAL LOAD DATA
[NACA 68,2215 (¢=0.8) Section Angle of Attack, a,=0°T
Values of load parameter, P=P;—P,, for different Mach numbers
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TABLE IIg—EXPERIMENTAL LOAD DATA

[NAOA 65,2-215 (a=0.6) Sectlon Angle of Attack, cg=8°]
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TABLE IIj,—EXPERIMENTAL LOAD DATA

[NACA 64,3215 (g=0.6) Section Angle of Attack o=12°]

‘Values of load parameter, Pm P~ P,, for different Mach numbers
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TABLE Ilk—EXPERIMENTAL LOAD DATA

[INACA 66,2-215 (a=0.6) Section Angle of Attack, og=1£"]

'Values of load parameter, P= Pj— P,, for different Mach numbers
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TABLE IL.—EXPERIMENTAL LQAD DATA

0.6} Saction Angle of Atfack, cy=16°]

[NACA 66,2-215 (&

Values of load perameter, P=Pr— Py, for different Mech numbers
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TABLE Illa.—EXPERIMENTAL LOAD DATA
[NACA 23016 Section Angle of Attack, ay=—6°]

Station ) Values of load parameéter, P= Pi— P, for different Mach numbers
zfe 0.300 0. 400 0. 560 0. 650 0.601 0.626 0. 4951 0. 677 0.703 0.730 0.787
0 0 [ ¢ 0 0 0 0" 0 )
0.026 —2. 650 —2.810 —2. 960 —3.060 —3.180 —3.000 —2.830 —2. 6 —2 470 —2 200 —32.060
.050 —2.070 —2.230 —2. 460 —2.620 —2.610 —2. 585 —2.580 |+ —3.430 —2.200 —2.010 —1.800
<100 —.9060 —1.020 —1 030 —1.020 —1. 536 —2.000 —1910 —-1.84) —1.860 —1. 460 —L240
180 —. 720 —. 760 —.780 —. 820 —. 760 —. 010 —1.640 —1. 50 —1.390 —=1.170 —. 08¢
.20 —. 855 —. 690 —. 700 —. T80 - 720 —. 650 —1.140 ~L 400 . —1.300 —1.120 —. 920
. 250 —, 565 —. 5§90 —. 500 —.610 -. 630 —. 585 —. 500 —1.330 —1240 —1.060 —.8%0
. 300 —. 490 —.510 —. 520 —.530 —. 540 . —. 510 =, 440 —.680 —1.040 —. 40 —.700
. 850 —. 421 —. 431 —. 434 —. 430 —. 456 —. 442 —. 362 —: 419 —. 748 -, 738 —.019
. 400 —. 360 —-. 370 —. 370 —. 385 —. 3490 -.3i0 —.340 —. 280 —. 470 —. 520 —. 450
. 450 —. 304 —. 301 —.208 —. 209 —.274 - 272 —. 260 -239 -, 288 -, 408 . 354
. 500 —. 260 —. 260 —.240 —. 350 —. 240 -—. 230 —.220 ~. 190 —. 106 —. 320 . 305
. 850 —-.213 —. 241 —. 154 —. 208 —. 184 —. 176 —. 186 —. 129 —. 138 —. 218 —. 226
. 600 —. 160 —. 170 —. 145 —. 160 —.130 -.110 —-. 110 —. 100 - —. 136 —. 190
. 700 —. 110 —.100 —.066 -—.080 —. (51 —. 050 —_ .00 —. 010 —. 050 —-. 110
800 —.010 ~. 030 .020 ..030 .019 —. 020 030 .020 .040 .020 .030
.850 037 .020 .087 042 .118 047 052 . 051 .083 -042 . 008
. 800 . 058 .063 074 -088 .078 .068 - 080 069 075 .68 028
TABLE IIIb.—EXPERIMENTAL LOAD DATA
[NACA 23015 Section Angle of Attack, ay=—4°]
Statlon Values of load parameter, P=Pi—P,, for different Mach numburs
zfe 0.300 0.400 0.500 0.550 0.600 0.626 0.651 0.676 .70 0.727 0.753
0 0 0 0 0 0 0 0 ] 0 0
0.025 —2.040 —2.080 —2.125 —2.220 —2 320 —2.420 —2. 355 —32.240 —2 100 —2.040 -1.870
.050 —1.300 —1. 385 =L —1.550 —1. 650 =L 760 —1.815 —1 800 —185% —-L740 —1. 80
. 100 —. 670 -, 530 —-. & —. 560 —. 540 —. 500 —. 930 —1,180 —L220 —1.150 —. 980
. 150 —. 350 —. 380 —. 380 —. 410 —. 415 —. 40 —.370 —. 400 —. 915 —.800 —. 710
. 200 —. 350 —. 380 —-.8370 - —. 410 —. 390 —. 416 — 45) -3 —.7 —.900 —-. 70
. 250 —.310 —-.320 —. 330 —.350 —. 350 - —. 400 -.3%0 —. 565 —. 87 - Tt
. 300 —. 290 —. 300 —. 310 —. 320 —. 320 —.330 —. 350 —+385 —. 230 -850 - Ti
. 350 —.240 —. 358 —. 259 —.373 —.268 —.286 —. 285 —: 300 —. 258 —. 443 —. 701
. 400 —.200 —.220 —.230 —.220 —. 220 —. 230 —. 280 —230 —. 220 —. 220 —. 79
. 460 -. 178 —. 186 —.179 —-.178 —-.178 -—.176 —. 1686 —.164 —.168 -~. 108 —. 434
. 500 —. 150 —. 155 —. 140 - 160 —.120 —. 130 —. 140 —. 130 —. 130 -. 060 —.210
. 580 -, 118 — 111 —.114 —. 108 —. 083 —. 001 —.100 —. 104 —. 100 —. M8 —.081
. 600 —.080 -. 000 —. Q30 —. 090 —.070 —. 080 —.0¢ -0 —. Q75 —. 050 —.030
700 —. 060 —. 070 —. 058 —. 050 —. 040 —. 40 .030 —-.040 —. 040 —. 040 —.020
. 800 020 —. 020 —. 010 . 010 —. 010 .020 030 .39 . 020 020 040
850 017 019 1 . 035 047 L0808 .Dgo 032 .032 . 059
200 037 041 048 . 083 066 075 .G74 048 058 088 [
‘ TABLE IIle.—EXPERIMENTAL LOAD DATA
[NACA 22015 Rection Angle of Attack, ag=—2°]
Station Values of load parameter, P=P;—P,, for different Mach numbers
xfc 0.300 0.400 0.500 0.550 0.600 0.625 0.651 0.678 0.701 0726 |* 0751
0 0 [ 0 0 0 0 ] 0
025 —1.086 —1.180 —1.280 —~1.320 =1 -1 —1.440 —1.490 —1.5815 —1.400 —1.429
050 —, 620 —. 560 —. 852 —. 685 - —. 760 —. T8 —. 830 ~. %06 — %0 —1.045
.100 —.030 —.050 070 —. 050 —-.07 —.080 - —.085 —. 138 —. 200 —. 205
150 040 —. 035 010 002 070 50 .070 .09 100 140 083
. 200 022 —.020 . 050 —. 027 4] —.03. —.030 - - 123
. 250 —.020 —. 030 —. 060 -~ 087 —. 0% —. 070 —. 060 —.070 —.100 —. 155 —.002
. 300 —.048 —.000 —.0%0 b3 —.080 —. 060 —-.070 —. 30 - —.130 -, 310
. 350 —. 060 —.063 —. 064 —.026 —.085 —. 00 -—-. 080 —. 040 —-.072 —.058 - 334 . 0G8
. 400 —.040 —.050 ~.060 —.02 —. 050 —. 08 —.060 —.055 —.060 —. 000 —. 375 .35
. 450 —.028 —.019 —. 037 - 023 —.048 —.026 —.081 —.054 —.058 —.048 —.15 .58
. 500 —.010 010 —. 060 —. 040 —.040 —. 040 —.05) —.05 —_ - —. 005 058
. 550 -.010 .08 -—.034 - —.013 —.011 —.020 —.029 —.014 —.018 —. 004 038
. 600 —.015 020 020 —.020 0D - -020 —.ig 010 it 010 Bt ]
.700 —.020 .030 —.015 020 .010 —.010 —. 020 0 —.010 108
. 800 —. 018 .01 .010 020 . .010 0 ] 0 010 .00
.850 .012 .08 .021 002 046 022 .022 001 003
. 900 023 018 009 038 025 036 14 028 23 014 —.003
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TABLE IIId—EXPERIMENTAL LOAD DATA

[NACA 23015 Section Angle of &ttack, ay=—0°}

. Values of load parameter, P=P—P,, for different Mach mumbers
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TABLE IIle—EXPERIMENTAL LOAD DATA

[WACA 23015 Bectlon Angle of Attack, og=2°]

Values of load parameter, P= P~ P,, for difterent Mach numbers
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TABLE IIIf—EXPERIMENTAL LOAD DATA

[NACA 23015 Section angle of attack, ay=4°]

Values of load parameter, P=P;— P, for difforent Alach numbers
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TABLE Illg.~EXPERIMENTAL LOAD DATA

[NACA 23015 Sectfon Angle of Attack, a,=6°]
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Values of load parameter, P= P;— Py, for different Mach numbers
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TABLE IITh.—EXPERIMENTAL LOAD DATA

[NACA 23016 Sectlon Angle of Aitack, a,=8°1
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TABLE IIIj—EXPERIMENTAL LOAD DATA

[NACA 23015 Section Angle of Attack, cg=12°]

Values of load parameter, Pm Pi— P, for different Mach nombers

0. 808

0.776

22983882 EERE2T8S

Orirm e e

0. 746

EEEEREREREEEREEL

Srdedidedd f PP

0.719

STECEE T T ELEEL

or-e-d- v

0.691

22

.28

23328835289402

Ordededed * * 0 ¢ ...

0. 663

EEEERERISE ERERR I

Cededdided PPt e

0. 638

BEBRERERRRBICTIAR
oda-- .

IR A A ]

0. 600

§RBEIEELEEREISEE

PR P E NN B . “ve

0.583

T EERI PRl e

oottt

0. 557

BS2EREERERRBEGRRE

ododaiddAd *

0.530

3338930RR 3009001

0&11L1LL....

TABLE IITk—EXPERIMENTAL LOAD DATA
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[NACA 23015 Section Angle of Attack, ey=14°]

Values of load parameter, P=Pi—P,, for different Mach numbers
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TABLE IIIL.—EXPERIMENTAL LOAD DATA

[NACA 23015 Bection Angle of Attack, oa=16°]

Values of load parameter, P=P;—F,, for different Mach numbers
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TABLE IVa.—EXPERIMENTAL LOAD DATA
[NACA 00156 Section Angle of Attack. ay=0°}

Station Velaes of Ioad parameter, P=P;—P, for different Mach numbers
zfe 0.400 0. 550 0. 600 0.425 0.650 ¢ 0.876 0. 701 0.726 0. 761 0.717 0. 805 0. 337
0 0 V] 0 0 0 1] 1] ] ] o 0 [}
.026 —. 080 —.085 —.070 —. 060 —.060 —. 080 —. 050 —. 050 —. 050 ~. 038 —.030 -. 000
080 —. 010 —.010 -~ 020 . 000 —.015 —.010 .015 —. 005 020 .036 .058 078
<100 —. 005 —. 055 —. 090 —. 036 —.005 —. 110 —. 146 —-. 110 —. 085 —. 056 ~. 085 - 050
150 —.020 —.026 —. 048 —. 0065 —. 085 —. 065 —.080 —. 080 —.08% —.0856 -, 476 —, 085
. —. 015 —. 030 —. 025 —.020 —. 026 —. 026 —. 03¢ —.030 —. 035 —. 030 —. 020 - 01
. <000 —. 020 080 —. 018 —. 026 —.025 —. 035 —. 065 —. 055 . 000 015 01
. 300 -—. 010 —.033 - 025 —.025 —.040 —.040 —. 045 —. 055 —-.078 —.030 000 —.018
. 860 —-.015 —. 030 —.035 —.025 —. 056 —.040 —. 040 ~—. 085 —. 090 —.075 —, 016 -,010
.400 —. 020 -.020 —.030 —. 025 —.015 —. 020 —.020 ~. 015 —. 136 —.036 —. 010 .00
450 —.030 —. 0356 -, 030 —. 028 —. 085 —.025 —. 035 —. 020 —.010 —. 188 —. 018 —. 013
. 500 . 005 —. 015 ~. 005 —.01¢ —.015 —.010 . 000 .000 . 005 -, 105 -~.010 <010
. 650 . 000 . 000 . 000 —. 010 . 000 =000 . 000 . 000 010 018 —, 005 025
. 600 —. 006 . 000 .000 —016 000 . 000 . 000 .00 010 . 025 —. 75 030
700 . 000 N0 .000 .000 000 . 000 . 000 ~.010 —.Q10 000 000 .nln
. 800 000 . 000 .000 000 . 000 . 000 —.010 000 000 .05 010 020
. 800 .010 .20 030 056 020 .025 Q0 .020 030 .020 . 230 <335
TABLE IVb.—EXPERIMENTAL LOAD DATA
[NACA 0015 Sectlon Angle of Attack og=-—32°]
-
Btation ‘Values of Joad parameter, P=P— Py far difforent Mach numbers
&fe 0. 300 0. 400 0 X0 0. 550 €. 600 0.625 0.851 0. 676 0. ™1 0.720 0.782 0.779 0, 806 085
0 . ¢ 0 0 0 0 (i}
025 — 860 —. 906 —. 810 —. 835 —. 910 —. 916 - —. 840 -7 - 700 —. M5 =~ 470 —. 410 -, 205
.050 —. 805 —-. 730 - T70 —. 835 —. 820 —. 850 —. 845 —. 776 - T1& —, 83% —. 61& -. &80 —.320 —. na
100 —. 548 —. 580 —. 810 -—. 695 —. 725 —. 745 —. 810 —. 905 —.820 ~. Tih —, 810 —. 455 -, 403 -
. 150 —. 415 —. 450 —. 470 - 2_14_3 —. 546 -—. 600 —. 650 —. 806 —. 815 - —. 810 —. 435 - 300 -, B3
200 —. 345 —-. 370 —. 3% - —. 435 —. 450 —. 480 -. 580 —. 800 —. 745 —.020 —. K0 - 310 -
. 2% —. 200 —. 310 —.330 —. 340 —. 878 —. 400 —~. 425 —. 475 —. 61 -7 —. 076 —. 420 —. 218 -
. 300 —. 245 —. 250 —. 285 - —. 276 —. 2600 —.300 —. 285 —. %05 —. 708 — 7 —. 440 — 378 - 190
.3% — 225 =, 210 —. 216 - —. 230 —. 250 —. M5 —. 240 —. 190 —. 600 —. 808 -, 490 -, 295 ~. 188
400 —, 180 —.16856 —. 178 —. 190 —. 190 - 200 —. 0 —. 200" —. 150 —. 230 -—. 095 —. 500 -, 308 - 148
1450 —. 150 —. 176 —. 196 —. 186 —. 186 —. 195 —. 1685 —. 185 —.150 —. 085 - 330 —. 006 - 50 -, 190
. 600 —. 100 —. 110 —.115 —. 130 - 150 —. 140 —. 138 —. 130 -. 105 —. 40 —. 135 —. 400 -, 148 045
. 650 —. 100 —. 080 —. 090 —. 090 —. 105 —. 108 —. 100 —.005 —.000 . 048 —. 045 —. 236 -, 210 08
. 600 —. 076 - 070 —. 085 -~ 085 =030 - 100 —. 106 —. 100 —. (085 —~. 0560 010 —. 108 —. 190 . 338
. T —. 085 —. 003 —. 065 —. 050 —. 060 —. 085 —. 086 —. 045 —. 050 —. 005 . 030 .00 —. 020 AW
- 800 —. 086 —.028 -~ 025 —.015 —.010 —.010 —. 000 .000° —.015 015 040 . 080 . 060 . 080
. 900 —. 020 —, 005 008 .030 (L4} 050 .020 . 056 156 050 .070 070 - 000 . 085
TABLE IVe.—EXPERIMENTAL LOAD DATA
[NACA 0015 Section Angle of Attack, aym=—4°]
Station Velues of load paremeter, Pm= P)— P,, for different Mach numbers
zfe 0.300 0. 400 0. 500 0. 550 0. 600 0.625 0. 651 0.678 0.503 0.720 0.755 0.782 0.805 1 %:x 19
0 0 0 1] 0 1] i} [ 0. 0 Q 5] 0
028 —1695 —1.760 —1.760 —1.865 —1.840 —L785 -1 — L 540 —1. 416 —1195 —1.025 —.840 ~.GC8 —.020
. 050 —1.416 —1.240 —1.503 —1.660 —1.810 —1610 —1.516 —1.410 —1.276 —1.085 —.920 —. 728 —. 732 -—. 518
. 100 —1.080 —1.135 —L 157 —1.726 - —L 620 —1 570 —1.510 —1.420 —1.180 —. 095 —. 790 —.043 -~ B35
<150 —. 830 —. 875 —. 830 —1 030 —1170 —1.380 —1.515 —1.4%0 —1.820 —1. 146 —. 095 —. 760 —-. 59 —. 855
200 —.680 —.730 —.761 —.790 —. 765 —.825 —1.360 —1.305 —1.280 —L100 —. 00 —.7 -, 569 —. 478
« 250 —. 580 —.576 —. 580 —.640 —.680 —. 830 —. 880 —L 256 —1.198 —1.030 —. 885 —. 660 —. 188 —. 400
. 300 —. 420 —. 425 «— 404 —. 500 —. 536 —. 520 —. 456 —. 935 . —L160 —. 980 —.810 —. 600 —. 405 -, 420
. 850 —.385 —. 410 —. 420 —. 450 —; 480 —. 466 —.415 —. 465 —. 738 —.760 -, 620 —. 475 -. 33 -, 400
. 400 —. 385 —. 380 —. 3581 —. 388 —. 405 —. 400 —.350 —. 300 —. 480 —. 530 —. 450 - 348 —. 183 -, 280
. 450 —.310 —. 8156 —. 202 —.330 —.340 —. 338 -. 320 —. 205 —, 285 —. 385 . 365 —.285 -. 020 —~. 178
. 500 =.240 —.245 —. 287 —. 270 —. 250 —.245 —.240 —. 105 —.190 —.260 —. 260 —. 195 0 . 060
. 550 —.160 —. 200 —. 218 —.185 —. 185 —. 108 —. 190 —. 146 —. 116 —. 156 —. 186 -, 170 . 08¢ 318
. 600 —. 170 —. 176 —.16¢ -.170 —.150 —. 145 —. 160 —.130 - —.005 —-.120 —. 130 —.00L .318
. 700 —.100 —. 005 —. (09 —. 100 —. 085 —. 080 —. 080 —. 075 —.0{0 —.020 —. 045 —. 100 —~.100 . 358
.800 —. 048 —. 080 —.(39 —. 040 —. 040 —.020 —.085 ~. 015 020 . 040 —.015 —. 035 - 0i0 , &8
. 800 —. 005 —. 052 .035 .040 055 . 086 .050 .QuD . 050 050 (153 015 . 039 000
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TABLE IVA—EXPERIMENTAL LOAD DATA

A SYSTEMATIC INVESTIGATION OF AIRFOIL PRESSURE DISTRIBUTIONS AT HIGH SPEEDS
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TABLE IVg—EXPERIMENTAL LOAD DATA
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TABLE Ve—EXPERIMENTAL LOAD DATA

NACA 4415 ESection Angle of Attack ay=—2%
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EXPERIMENTAL LOAD DATA
[INACA $415 Sectlon Angle of Attack, cg=2°]

TABLE Ve

‘Values of load parameter, P=P;— P,, for @different Mach numbers

Btation

- SREELEEEREEREE]
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TABLE Vi.—EXPERIMENTAL LOAD DATA

[NACA 4115 Sectlon Angle of Attack, ag=4"]

Values of load parameter, Pm Pr— P, for different Mach numbers

0.844

IRAR382EE8R533%Y

0.818

$523342828238388

y ........
°frl

0.787

wwmam ERER88I8R

0.730
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O il i el el
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0.401
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0.302

455
+360
. 20
285
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970
.865
.T90

.720
N
.875
. 235
190

Station

zfe

TABLE Vg—EXPERIMENTAL LOAD DATA

[NAOA 4416 Section Angle of Attack, ay=6°f
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EEREEI R R

Values of load parameter, P=P;—P,, for different Mach numbars
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0.65¢

o.500

0.400

L EEER R R
022111LLLLL .......

0.301

SN ERER B ERERRE

Station

zfe

TABLE Vh—EXPERIMENTAL LOAD DATA

[NACA 4416 Bection Angle of Attack, ay=8°]

Values of load parameter, Pm Pi— Py, for dlfferent Mach numbers
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888228228 938828ES
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TABLE Vi—EXPERIMENTAL LOAD DATA

[NACA 4415 Section Angle of Attack, ¢g=10°

Values of load parameter, Pe= Pi— Py, for different Mach nembers
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TABLE Vj.—EXPERIMENTAL LOAD DATA

[NACA 4415 Section Angle of Attack, ay=12°]

Values of lcad paremeter, P=P;— P,, for different Mach numbers
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TABLE Vk.—EXPERIMENTAL LOAD DATA

[NACA 4415 Section Angle of Attack, oy=14°]

Values of load parameter, P=Pi— Py, for different Mach numbers
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TABLE VL.—EXPERIMENTAL LOAD DATA

[NACA 4415 Sectlon Angle of Attack, ay=16°]

‘Values of load parameter, Pw=P;— Py, for different Mach numbers
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TABLE VII.—NACA 66,2215 (¢=0.6)
[Stations and ordinates given In percent of alrfoll chord]

TABLE VI.—NACA 65,216 (a=0.5)
[Stations and ordinates given in percent of alrfofl chord]
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TABLE X—~—NACA 4415
[Stations and ordlnates given In pereent a

TABLE IX.—NACA 28015
[Stations and ordinates given In percent of”

TABLE VIII.—NACA 0015

alrfoll chord]

airfoll chord]

[Btatlons and ordinates given
in percent of airfofl chord]
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