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SUMMARY

An Investigation has been conducted at subsonic Mach numbers
in the Langley rectangylar high-speed tunnel on five supersonic air-
folls anl, for comparison, on two subgsonic airfoils. Two-dimensional
dabta wers obtained by pressure measurements and schlieren photographs
at angles of atbtack from 0° to 4° for Mach numbers between 0.30 and
0.90 for these 6-percent-thick synmetrical airfoils.

The results indicated thet the drag coefficients ere generally
higher at subsonic Mach numbers for the supersonic airfoils than for
the subsonic airfoils, but the normal-force and pitching-moment
characteristics of those supersonic airfoils having theilr meximum
thickness located at the 0.7-chord station would diminish the
problens generally encountered in longitudinal control at high Mach
numbers.

The investigation also revealed the occurrence of an unusval
flow phencasnon at the leading edge of the supersonic airfoile at the
higher Mach numbers. This phenomenon, through the elimination of an
extensive separated-fliow condition over the forward part of the
airfoll, effected & rather sudden increase in normal-force coefil-
clent and in some cases a decrease in the dreg coefficient.

. TNTRODICTION

In the design of supersonic aircraft, the amount  of sweepback
iIncorporated in the lifting surfaces could affect the cheoice of the
type of profile for those surfaces. Iif the component of stream
velocity normael to the leading edge of the lifting surface is
subsonic, a rounded leading edge or subsonic airfoil might be used.
On the other hanrd, if the normal ccmponent of the strean velocity is
supersonic, a sharp leading edge or supersonic airfoll is definitely
needed to minimlze the wave resistance. Since consideration of the
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structural and stability requiremesnts may limit the amount of sweep,
the velocity normal to the leading edge may necessarily be supersonic
and sharp-edge airfoils are then required. The lifting surfaces of
supersonlc airplenes and other bodies therefore might be expected to
have sharp leading edges. For some flight conditions these 1lifting
surfaces must necessarily operate at subscnic speeds. In order to
provide information important in the selection of airfoils for
gupersonic aircraft the asrodynamic characteristics of thin, sharp-
edge airfoils therefore must be determined at subsonic Mach numbers.

The availsble results of previous investigations at subsonic
Mach numbers on airfoils having sharp leading edges have been
limited to two 9-percent-thick modela, a part of a subsonic-airfoil-
development investigation (reference 1), and to earlier exploratory
tests on two 8-percent-thick models. (reference 2). - :

Because of the limited data available and the need for even
thinner profiles than thoee previously tested for high-speed
epplications, an investigzetion has been conducted in the Langley
rectangular high-speed tunnel on five supersonic-type airfoils and,
for comparison, on two subsonic-type airfoils. All airfoil models
were symmetrical and of 6—percenﬁ meximum thickness. Test data were
obtalned by means of static-pressure measurcments slong the surfaces
of the airfoilis, total pressire surveys in the wake, and schlieren
photographs of the flow at Mach numbers up to 0.90. ;

SUPERSONIC~AIRFOIL PROFILE DESIGNATION

Theory and experiment have ghown that a®t supersonic speeds
airfoils of simple geometric shape are quite efficient. The two
alrfoll shepes most commonly encountered ere the double-wedge or
diamond profile end the profile formed by a combination of two or
more circular arcs. Since both double-wedge and circular-arc
profiles can represent a series of forms, neither of thesge profiles
1s specifically defined by giving the general shape without
additional detailed informaiion.

With the bow wave attached to the leading edge of an airfoil in
a supersonic flow, the flow.over one surface is not affected by the
flow over the other surface. Corsequently, the profile can be con-
sldered to be composed of two parts, one on either side of the chord
(line  Joining leoading end trailing edges). Thus, if the maximum
thicknees of each surfasce and the chordwiseé location of the maximum
thickness are given, the thickness and camber are specified.
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The combination of the general shape, the meximum thickness,
and. the chordwise location of maximum thickness for each surface
gpecifically defines the profile. The following general form for
designating the supersonic airfoils has been adopted:

NACA NS-(X1)(Y1)-(X2)(Yo)

In the actual designation, the letter 'N" is replaced by the geries
number, the number - being used for the diamond- or wedge-shepe
profiles and”c%e number 2" being used for the c%rc%lar-arc profiles.
The letter S  denotes supersonic. The letter X; represents the

distance along the chord from the leading edge to the ROiﬂt of maximum
X

thickness "Yl" for the upper surface. The letters p and
'Yg" represent the corresponding values for the lower surface.

Numerical valueo substituted for the X%sc and Y¥s are in percent .
chord. (See fig. 1.) The following is a sample designation:

NACA %S-(5?)(03)'(50)(03)

NACA designation -—-- LMaximum thickness of
lower surface (per-

Circular arc __ S cent chord)

Supersonic 4 . Distance along chord
from L.E. to point
Distance along chord from of maximum thickness
L.E. to point of for lower surface
meximum thickness for (percent chord)
upper surface (percent
chord)

Maximum thickness of upver
surface (percent chord)mm— 1

In cage the maximum thickness for the lbwér surface Y, 1s consgtant
for a dlstance along the chord, the numerical substitution for X,

should be compounded to include the two values limiting the range of
constant thickness., Thus, if the airfoil given 1n the sample
designation were cambered by making the lower surface coincide with
the chord and the thickness of the upper surface were retained at

3 percent, the designation would be

NACA 25—-(50)(03)~(0-100)(00)

—_— ———
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APPARATUS AND TESTS

The tests were conducted in the Langley rectangular high-speed
tunnel, vwhich is an induction-type tunnel without return pessages |
and has an 18-inch by U-inch test section. The variation in Mach
number in the test section along the tunnel axis without a model
installed in the tumnel is *0.hk percent of the stresm Mach number.
In &_plane normsl to the tunnel axis, the veriation is *1 percent
of the stream Mach number. The air flow for this investigation
appears to be slightly misalined with a possible variation of *0.1°,
The geometric aengles of atteck are accurate to *0.05°.

Each airfoil completely spanned the test section along the
4-inch dimension end was supported by lerge circular end plates,
which were fitted into the tunnel walls in such & way @s to rotate
with the model and to retain continuity of the surface of the tunnel |
walls. The Jjuncture between the airfoil and the tunnel wall was
sealed.,

The two types of airfoils of 4=-inch chord had the following -
prnfiles' N |

NACA 0006-63 (reference 1)

Subsonic |WACA 66-006 (reference 3)
- fvaca 2s-(30)(03)-(30) (03) |
o INACA 2 (:o)(o3) (50) (03) |
Supersonic JNAﬂA ?s (70)(03)-(70) (03)
: { NACA s—(30)(03) (10)<03)
[NACA 1s-(70)(03)=(70)(03)

The ordinates for the 2S-series airfolls are given in table I. '

Between 36 and 40 static pressure orifices were installed in
the model surfaces of each sirfoil in two chordwise rows 1/4 inch
from and“on'either :gide of the model.center line. The number of :
orifiges installed depended on the thickness distribution.and hence
was a-minimum for the 1S-series airfoils. The static-pressure-
orifice locations are shown on the profiles in figure 1. . The -
absence of pressure orifices at the lezding end trailing edges of
the airfoils resulted from a physicel limitation on the installation
of orifices and pressure: ducts.

Pressure-distribution measurements snd wake surveys were made
for Mach numbers between 0.30 and 0.90 at angies of attack of 0°
to 4°. This Mach number range corresponded approximately to a
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Reynolds number range from 0.7 to 1.5 X 106. Additional data were
obtained in the form of schliercn photographs of the flow. These
photogrephs show density gradients in the flow by changes in light
intengity. Supplementary tests were mede by measuring the static
pregsures on the wall in the vicinity of the intersection of the
model with the tunnel wall to provide somc information on the
conditions within the flow field necar the leading cdge of the
1S-type airfoils.

SYMBOLS
M gtream Mach nurmber
Mf Mach number in flow field
Men gtream Mach number at choking
Mz local Mach number at curfece
q dynemic pressure
P gtream atatic pressurc
P,y local stetic preasurc at model surface
4
y &
—
P pressure COUleCl%ntx\
o
el 0.528 H -
P critical pressurc coofficiont VaZd ~ nip
cr
a
B
H strean total preesure
Cn gection normel force coefficient
n section pitching-moment coefficient of normel force about
c/h guarter-chord location
Cq scction drayz coefficient (detormined from weke surveys)
o2 engle of attack
c airfoil chord
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TUNNEL -WALL EFFECTS

The data cobtained from this investigation are subject to a
correction because of tunnsl-wail effects. The theoretically derived
correction (reference 4) indicates generally taat, for a given ratio
of model chord to tumnel height, the error increases with Mach number
and drag coefficient. The error is also affected to some extent by
the type of profile. The ratio of the corrected values to the uncor-
rected values were determined by the msthod of reference 4 for these
dats ot seversl Mach numbers and at an angle of attack of L° (a high
drag-coefficient condition). These ratics, wherein the corrected
values are indicated by the primed symbols, are:

M M* 1 gt jcg i cqt/ca Cmc/u"ch/u a® - a
i

0.60{1.005%0.001 {0.578%0.002 {0.590%0.002 [0.002%0.000 j0.059%0.007

.7011.007%t .001| .970+ .001| .986% 002} ,002t .001; .073t .009

.80}1.018t .oo4! .951t .00k! .973t .o0k| .005%t .002! .090%t .015

In the preceding table the variations in the correctlon for a
given condition are due to a combination of dirferences in drag
coefficient and shape of profiie for the seven airfolls investigated.
The variations can be seen to be gquite small and hence would not
affect a comparison of the reiative merits of the two types of
alrfoils.

An examination of the correction for Mach numbers and aero-
dynamic coefficients shows that the principal effect of these correc-
tions would be to redvce scmewhat the variation of the coefficient
with Mach number for all tkhe airfoils in the higher speed range.
Although the methoés of corrvecting the force and moment coefficients,
angle of attack, and Mech number ere not too difficult, no comparable
methods exist for correcting the pressure-distributicn diagrams. A
correction for the pressure-distribution diegrem would involve not
only dynamic pressuvre, Mach mwher, and engle of sttack, but also
the distribution along the chord. Thus, the application of the
correction would be quite involved and at the higher Mach nuubers
could be subJject to question. Inasmuch as the corrections would
have no significant effect on the conclusions to be drawn from this
investigation and since all of the data could not be comparably
corrected, the date are presented uncorrected.

At the choking Mach number where sonic velocities extend from
model to tunmel walls, the static preasure is lower behind the
model than shead of the model, Large static pressure gradients are
thus produced in the flow at the choking Mach number, and data
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obtained at that Mach number are of questionable value. The data
et and within 0.025 and 0.030 of the choking Mach number are
indicated on the figvres in which they aprear by dotted lines or
other notations.

RESULTS

The effcct of angle of attack end Mach number on the pressure
distributions for the seven alrfoils investigatcd i1s shown in
Tigure 2. The section normal force and pitching moment of the
normal force about the quarter-chord point have been obtained from
integration of pressurc-distribution dlagrams and arc pressnted in
coefficient form in figures 3 to 5. The drag-cosfficient data
obtained from wake surveys arc presentsd in figurcs 6 end 7, Data
from figures 3 and 6 arc crogs-plotted in figuro 8 to show the
variation of drag coefficient with normel-force cocfficient et a
constant Mech number for the various profiles.

The development of an unusuel flow phenomenon a3 the Mach number
is increesed for & fixed angle of attack is shown in figure @ for the
NACA 15-(70) (03)-(70)(03) airfoil. Figure 10 shows the phenomecnon on
all suporsonic profiles tested at a constant angle of atteck and Mach
number, The variation of ths phenomenon with angle of attack on a
given profile is shown in figure 1ll. Measurements in the flow field
are presented end compared with flow photographs and local Mach
number distributions in figure 12, The effect of large .changes in
leading-cdge shape on the phenomcnon is shown in figure 13.

DISCUSSION

Presgsure digtribution.- An examination of the pressure-distri-

bution diagrams for the aivfoils investigated (fig. 2) did not reveal
eny merkcd differences in the effect of compressibility on the flow
past the subsonic and supersonic eirfoils, with thc exception of &
somewhat more irrcrular distribution of pressurses along the chord for
the suporsonic eirfoils,especially at an engle of attack of 5

The determination of the pressures near the lcading edge of the
eirfoils was hindered, however, by & physical limitation on pressure
orifice installation. Information obtained from tho measurcments of
pressure in the flow ficld indicated thet the pressures near the
leading cdge on the upper surface might be appreciably lower than
the faired valucs shown in figure 2, as illustrated by the local Mach

-
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nurber distribution shown at e Mach number of 0.8 in figure 12(s).
As a result of this probable error in the fairing of the pressure
diagrams at the leading edge of the airfoils at angles of attack
greater than Oo the critical Mach rumber could not be accurately
determined, and in addition, the normal-force coefficients may bs
expected to be higher than those presented herein.

Normal-force coefficients.- The variation of the section normel-
force coefficient Cp with Mach number M (fig. 3) at angles of

attack of 2° end L° generally appeared to be lesg throughout the Mach
number range investigated for the supersonic airfoils than for

the subacnic airfoils. The reduced effect of compressibility on the
variation of c, with a a8 shown in figure 4(e) tends to minimize
the problems associated with longitudinal control at high Mach
numbers.

In addition, the effect of a« on ¢, at angles between o™

and 2° (fig. (b)) was gonerally luss for the supersonic eirfoils
then for subsonic airfoils; this effect wes probably ths result of
early separation from the sharp leadines edges and could have been
predicted from low-speed considerationa. The effect of & on c

at anglcs between 2° and 4° for superscenic airfoils, however, wes

greater in gemeral than for the lower o vrange, especially for thoss
airfeoils having meximum thickness locations &t or behind the 0.5¢

station, The one exception to these generalizations was the

NACA 15-(30)(03)-(30)(03) airfoil, which had normal-force

characteristics comparable with those of the subsonic airfoils

(fig. 4(1p)).

The normal-force characteristics of the supersonic airfoils
presented herein indicated that the problems associated with the
subgonic flight of supcrsonic aircraft would not be eggravated by
use of these airfoils; in fact, some problems associated with
longitudinal control might be minimized.

Pitching-moment of normal-force about quarter-chord point.- The

varietion of the section pitching-moment coefficient °m, 1, with

stream Mach nuwber for the subsonic airfoils (figs. 5(a) end 5(v))
wag small at Mach numbers below 0,70, whercas at Mach numbers

of 0,80 and above the variation had & large negative trend. The
variation of Cm with o 1is shown to be small in the lower

Oe /i
Mech number range, but at Mach numbers above O. 80, an epprecisble
negative trend is indicated.
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The supersonic airfoils also showed only a small effect of
both M and &« on Cm, s, &bt Mach numbers below 0.70 (figs. 5(c)
/

to 5(g)). At Mach numbers greater them 0.80, however, the variation
of Cme, /1, with M for the supersonic airfoils showed a definite

effect of maximum-thickness location. Those airfoils having meximum
thickness located at 0.3c (figs. 5(c) and 5(f)) as well as both
airfoils of the subsonic type (figs. 5(a) and 5(b)) had & negative
slope of Gmc/h with a at Mach numbers greater than 0.80. Shifting

the maximim-thickness location to the 0.7 chord station (figs. 5(e)
and 5(g)) resulted at the high Mach numbers in s emall positive slope
of Cme /iy With a that could be desirable for longitudinal control

at high speeds.

Drag coefficient.- The general effects of compressibility on the
drag coefficients of both supersonic- and subsonic-type 6-percent-
thick airfolls (fig. 6) are in accord. There are, however, a few
differences that are best shown in the comparison between airfoils at
each of two angles of attack in figure 7. At an angle of attack of 0°
(fig. 7(a)) and a Mach number of 0.5, a gradual rise is noted in
drag coefficient from a minimum for the NACA 25-(50)(03)-(50)(03) air-
foill to the highest values for the 1S-series.

At en angle of attack of 0° 1ittle difference is indicated in
the Mach number at which the drag break occurs for the two subsonic-
type airfoils, and the NACA 25-(70)(03)-(70)(03) and
NACA 25-(50)(03)-(50)(03) airfoils, The obviously earlier drag
breek for the two airfoils of the 1S-series results from the high
induced velocities (fig. 2) and is of the type associated with flow
separations which could have been expected to occur at the abrupt
(8.29) change in surface slope at the maximum-thickness location.

The drag coefficient for the various airfoils at an angle of
attack of 4° (fig. T(b)) for Mach numbers between 0.5 and 0.6 is
indicative of the extent of flow separation from a minimum for the
NACA 0006-63 to a maximum for the NACA 1S-(70)(03)-(70)(03). The
gradual rise in drag coefficient between Mach numbers of 0.6 and 0.7
for the NACA 0006-63 airfoil is indicative of a condition of
progressively increasing extent of separated flow.

The drag normal-force relations for the various profiles and
the effect of compressibility on that relation (fig. 8) provides a
better basis of comparison of the drag characteristics than figure 7.
The results of figure 8 indicated that within the range of the
Investigation, the drag for a given normal force is generally higher
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for the supersonic type alrfoils than for the subsonic type. The
differences are not so large that functioning of supersonic aircraft
would be excesgsively affected at subscnic speeds.

There ‘is some indication in figure 8 that, at the higher Mach
numbers, and at high values of normal-force coefficient, the value
of drag coefficient might be less for some of the supersonic air-
folls than for the subsonic airfoils. As a result of this incica-
tion, the original investigation is belng extended to determine

“the characteristics of these profiles at high angles of attack.

Unpsual flow at high Mach numbers.- During this investigation
an unusual type of flow phencmenon was observed to occur at the
higher Mach numbers in the vicinity of the leading edge of the
supersonic airfolls under lifting conditions. The development
of this phenomenon with increasing Mach number and the changes in
the flow that accompany it are shown by the schlieren photogrephs
in figure 9 for the NACA 1S-(70)(03)-(70)(03) at 5.5° angle of
attack.

At a Mach number of 0.50 (fig. 9(a)) separated flow extended
from the leading edge rearward and contributed toward an increased
drag and reduced normal force. These condlitions could have been
predicted from low-speed considerations. When the Mach number was
increased to 0.70, only two changes were noted. An increased :
expansion occurred around the leading edge (see derk area immediately
above leading edge) and disturbences were observed in the main flow
above the model, approximately 0.3 chord behind the leading edge.

The increazse in Mach number fo 0,72 resulted in a further increase in
the expansion reglon, a glight decrease in extent of separated flow
above the surface, and a consolidation of the shocks. These changes
were slightly intensified when the Mach number was increased to 0.75.
Tho flow so far described (including M = 0.75) was in accord with
that previously observed on subsonic airfoils. (For exemple, see
roference 5.)

The increase in Mach number from 0.75 to 0.77 produced a change .
in the type of flow at the leading edge to one thet had not previ-
ously been ohserved at subsonic speeds. At this hisher Mach number
(fig. 9{c)) ovilque shocks were ovserved to extend ﬂufward into the
flow from the vicinity of the leading edge ani the separated flow
over the forward part of the model had been eliminated. The main
compression shock generally associated with airfolls at high sub-
sonic speeds occurred near the 0.5-chord station. With further
increase in Mach number to 0.80, the primary effects to be seen
ere the normally expected rearward movemsnt of the main shock on
the upper surface and the formation of shock on the lower surface.
That this behavior of the flow 1s not peculiar to the condition




™™

NACA TN No. 1211 3

given in figure 9 is shown by figures 10 and 1l, In figure 10

the unusual flow is observed at the leading edge of each of the
supersonic airfoils at an angle of attack of 4° and a Mach number

of 0.83. TFigure 11 shows that for the NACA 1S-(30)(03)-(30)(03) air-
foil the phenomenon occurred at an angle of attack of 20 as well as
at 49, and the field of influence decreased as the angle decreazed
until at O° no unusual flow was observed. The sequences of flow
photographs obtained at an angle of attack of 4° for each of the
airfoils (not presented herein) indicated that the Mach number at
which the flow phenomenon first occurred My decreased as the

included angle of the leading edge 6 increased, as shown in the
following table: :

1rfoil e 0.0
NACA airfol 1 tiads My
15-(70)(03)-(70)(03) | 5.0 0.76
28-(70)(03)-270)(03) 9.8 .76
15-(30)(03) -(30)(03) | 11.k4 .73
25-(50) (03) -(50) (03) 1§ 13.8 .73
25-(30)(03) -(30)(03) | 23.3 .70

The leading-edge flow phenomenon through the elimination of the
extensively separated flow over the forward part of the airfoil, would
lead to an increase in normal force and a decrease in drag. At the
seme time, several factors exist which contribute to an increase in
drag. These factors are the encrgy losses through the oblique ghocks ,
the increased losses through the main shock having a greater intensity,
and the losees because of separation from the surface in the vicinity
of the main shock. The summation of all these effects would lead to
an increasse in normsl force snd an unpredictable effect on drag. An
examination of figure 3 will show that the rate of change of section
normal -force coefficient with Mach number is greaster above the Mach
number at which the obligue shock first eppeared at the leading
edge of the airfoil, Figure 6 (or fig. T7(b)), however, showed
that the Mach mumber Increment between the valuc at which the flow
change occurrcd and the value at which the drag coefficient began
to increase very rapidly varied from O for the
NACA 1S-(70)(03) -(70)(03) (fig. 6(g)) to 0.07 for the
NACA 25-(30)&03)-(30)(03) (fig. 6(c)). In addition, figure 6
also showed thaet for the NACA 25-(70)(03)-(70)(03) and
NACA 15(30)(03)-(30)(03) airfoils (figs. 6(e) and 6(f)) a marked
decreasc in drag coefficient was obtained after the flow change
occurred., The possibility that this new type of flow at the leading
edge could have an appreciable effect on the maximum 1ift of air-
foils at high subsonic Mach mmbers indicates the desirability of
extending the original investigation on supersonic ailrfoils to obtain
data at higher angles of attack.
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Additional information on the observed flow phenomenon was
obtained by measuring the static pressures at the tunnel wall near
the leading edge of the model. Data obtained thereby, as well &z
the pressures measured along the surface of the model, were
transcribed into local Mach numbers and are presented in figure 12,
together with the corresponding schlieren photographs of the flow.
The local Mach numbers of figure 12 were based on the total pressure
in the vndisturbed stream and are therefore high for regions behind
shocks and within ssparated flows.

At a stresm Mach number of 0.80 for the NACA 1S-(70)(03)-(70)(03)
at 4° angle of attack (fig. 12(a)) the flow-field measurcments
showed that the local Mach numbers were supersgonic in a plane normal
to the leading edge of the airfoil and for a distance of at least 0.2
chords above it., This position falls within the dark area or recgion
of expansion above the leading cdge of the ailrfoil in the schlieren
photograph. Both schliersn photograph and flow-ficld measurements
showed that further increeages in velocity or expansions occurrsd
rearwvard of the leading edue. An expansion at supersonic speeds is
accompanisd without encrgy losses by a change in direction of flow
or a Prandtl-Meycr turn (refurence 6). The change in flow direction
1ls such that the air is directed toward the surface of the airfoil,
Obviously, in this case (and in figs. 12(b) end 10), the flow is
directed into the surface of the airfoil, which neccessitates an
obligue shock to turn the flow somewhat in the other direction so
that the air can flow along the model surface, and the extensive
separatod-flow condition is thus eliminated. The flow behind the
oblique shock is supersonic and the shock generally associated with
airfoils at high subsonic Mach numbers is encountered rearwerd on
the airfoil.

The foremost and weak obligue shock seen in the schlieren
photograph of figure 12(a) appeared from an enalysis of schlieren
photogrephs and flow-field mcesurements to be an envelops of
digturbances originating from the leading edge. The conditions
under which the weak shock formed appeared to be the existence of
supersonic velocities in the vicinity of the leeding edge and a
highly locelized separated region origineting at the lcading edge
and extending rearward only a fow percent of the chord. The point
at which the flow became reattached to the surface beceame the origin
of the more intcnss obligue shock that turned the z«ir so that it
flowed along the surface, (Ses also figs. 9(e) and 9f) and 10(}b)
and 10(c).)

The data presented in figure 12(b) for the NACA 1S-(30)(03)-
(30) (03) airfoil at 4° were generally similar to those of figure 12(a)
except that the velocities in the plane above and normal to the
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leaeding edge were slightly less than eonic and, in place of the dual
obligue shocke seen in figure 12(a), only one was apparent in fig-
ure 12(b). Figures 9, 10, and 12 could leave the impression that
the single oblique shock as in figure 12(b) would occur only on
those airfolls having an included angle greater than 10°, No such
conclusion 1s Justified, as could be shown by other schlieren
photographs of the series.

Figure 12(c) and the previous discussion of figure 11 showed
that no unusual flow change cccurred at the leading edge of the
NACA 15-{30)(03)-(30}(03) at 0° angle of attack. At the 0.3-chord
station, however, where an 8.2° change occurred in the slope of the
airfoll surface, a flow condition existed at high Mach numbers
(fig. 12{c)) that had some similarity to the flow phencmena
previously described., The Prandtl-Meyer turn at the 0.3-chord
station tended to exceed the 8.2° turn allowed by the surface,
thereby necessitating an immediate compression as shown by both
schlieren photographs and the airfoll surface pressure measurements.
(See fig. 2(g).) The gradual compression that followed is
probably a result of a progressively increasing boundary-layer
thickness, as 1s shown in figure 12(a).

The present investigation also showed that the unusual fhow-
phenomenon was not strictly limitéd to airfoils having sharp leading
edges. The Intensity of the oblique shock shown near the leading
edge in figure 13 indicates that the magnitude of the Prandtl-Meyer
turn diminished markedly when the leading-edge radiue increased
from O for the NACA 25-(30)(03)-(30)(03) airfoil to 0.22 percent
chord for the NACA 66-006 airfoil. The effect for the NACA 0006-63
alrfoil having a 0.l4-percent-chord radius is almost imperceptible.

CONCLUDING REMARKS

A two-dimensional investigatidn of supersonic airfollsg indicated .

that at subsonic Mach numbers, although the drag characterigtics
were in general higher for these airfolls then for subsonic alrfoils,
the normal-force and pitching-moment characteristics of those
supersonic profiles having their maximum thickness located at the
0.7-chord station would diminish the problems genmerally encountered
in longitudinal control at high subsonic Mach numbers.

The investigation also revealed the occurrence of an unusual
flow phenomenon at the leading edges of the supersonic profiles,
This phenomenon, tkrough elimination of the extensive separated-flow
condition over the forward part of the airfoil, effected an increasge
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i from no effect to a
in normal force and produced changes ranging ot
decrease in the drag coefficient. Further, it appears p0531h}?ﬁt§;t
the flow phenomenon could have an appreciabl? effect og the ﬁdiwm
lift coefficient of supergonic sirfoils at high subsonic Mac
numbers.

Langley Memorial Aeronautical Laeboratory, .
National Advisory Committee for Aerona?tlcs
Iangley Fileld, Va., August 12, 1946
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TABIE I.- BASIC SECTION ORDINATES FOR
SYMMETRICAL CIRCULAR-ARC AIRFCILS

[%tations and ordinates are in percent chord]

Ordinate
Station
25-(30) (03) -(30) (03) | 25-(50) (03) -(50) (03) | 25-(70) (03} -(70) (€3)

0 0 0 0
5 .92 ST RiTe
10 1,67 1.08 79
15 2.25 1.53 1.15
20 2.067 1.92 1.47
25 2.92 2.25 1.76
30 2.00 2,52 2.02
25 2.98 2.73 2.25
40 2.94 2.88 2.45
L5 2.86 2.97 2.61
50 2.75 3.00 2,75
* 55 2.61 .ol 2.86
60 2.45 2.88 2,94
65 2.95 2.73 2.08
70 2,02 2.52 2,00
15 1.76 2,25 2,92
80 1.h7 1.92 2.67
85 1.1% 1.53 2.25
90 0.79 1.08 1.67
95 ¢.ko 0,57 0.92

100 0 0 0

L.E. radius: 0

NATIONAL ADVISORY
COMMITTEE FOR AFERONAUTICS
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NACA TN No. 1211
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Figure 9.- Development of flow phenomena.
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NACA TN No. 1211 Fig. 10

NACA 1S-(30)(03)-(30)(03) NACA 1'S=Ui70") (103)=C7Z0NK 03 )

/

NACA 25-(30)(03)-(30)(03) NACA 25-(50)(03)-(560)(03)

NACA 2S5-(70)(03)-(70)(03)
Figure 10.- Flow phenomena on various supersonic profiles.
' a = 49 M = 0.83.
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NACA TN No. 1211

(& l) sl = (05 E ki {(b): M =,0.83,
Hssures 111, — Variation of flow phenomena with angle of

attack. NACA 1S5-(30)(03)-(30)(03) airfoil.
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Fig. 12a
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NACA TN No. 1211 Fig. 12b
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4 NACA TN No. 1211 Fig. 13

NACA 25-(30)(03)-(30)(03)

NACA 66-006

NACA 0006-63

(a) M = 0.60. (b) M = 0.80.

Figure 13.- Effect of leading-edge profile on flow phenomena.
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