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WING PRESSURE-DISTRIBUTION MEASUREMENTS UP TO 0.866
MACH NUMBER IN FLIGHT ON A JET--PROPELLED AIRPLANE

By Harvey B. Brown and Lawrence A. Clousing
SUMMARY

Flight tests were conducted to determine scale and compressibility
effects on the pressure distributions over a wing having an NACA low—
drag profile. The Jet-propelled airplamne used permitted tests to be
conducted to a Mach number of 0.866.

For lift coefficients ranging from O to 0.60, for which data are
presented, no appreciable compressibility effects on spanwise wing load—
ing were noted below 0.75 Mach number. Above this Mach number an in—
board lateral shift of load occurred which is attributed principally to

upf loating of the ailerons.

The teste showed a more negative value of section pitching-moment
coefficient as Mach number increased up to about 0.78. From thig peak
negative value the pitching-moment coefficient rapidly shifted to much
less negative values as the Mach number wae increased especially for
low lift coefficiénts. The variation of pitching-moment coefficient
with lift coefficient became stabilizing at Mach numbers of 0.82 to

O.Bhl

Above 0.75 Mach number the allerons floated up, and the pressure—
distribution measurements showed that extremely large aileron hinge
moments were present due presumably to flow separation on the upper sur--
face of the wing. The aileron flutter which occurred above 0.83 Mach
number was considered to be interrelated with the occurrence of these

large hinge moments.

INTRODUCTION

In continuance of a program for obtaining research information at
high speeds from flight tests, pressure—distribution measurements have
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been made over the left wing of a Jet-propelled airplane possessing a
wing with aen NACA low—drag airfoil section.

The primary purpose of this investigation was to determine the eof-—-
fect of compressibility on fundamental aerodynamic characteristics as
far into the supercritical speed range as practicable. It wae intended
thus to supplement previous work done em an airplane having conventional
airfoil sections (reference 1) at somewhat lower epeeds.

SYMBOLS

The following symbols are used ihvenghout the report:

A, airplane normel aéceleratioﬁ factor (Z2/W)
b/2 wing semispan, feet
e wing section chord, feet )
cy section hinge-moment coefficient
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Cy, airplane lift coefficient (ﬁ—~—- as used in this report‘)
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Ch section normal-force coefficient
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cmc/h
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Psa,

section pitching-moment cosfficient about quarter chord
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e

acceleration due to gravity, 32.2 feet per second per second
total pressure, pounds per square foot

pressure altitude, feet

Mach number, ratio of airgpeed to speed of sound

pressure coefficient [ (p-po)/q]

pressure coefficient on upper surface
pressure coefficient on lower surface

static orifice pressure, pounds per equare foot

free—stream static pressure, pounds per square foot

standard barometric pressure at sea level, pounds per square
foot

l N
dynamic pressure <§DV2-, pounds per square foot
/}

Reynolds number (based on section chord except where noted)
wing area, square feet
airspeed, miles per hour
correct indicated airspeed, miles per hour
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chordwise location from leading edge, feetl

spanwige location from plane of symmetry, feet
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a

sirplane gross weight, pounds
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aerodrnanic normal~forcs on airplans, pounds

aileron control-surface deflection, degrees

Subscripts

W.8.

photographs of which are presented in figures 1 and 2.

wing estation

DESCRIPTION OF THE AIRFPLANE

The tests reported herein were conductsd on a jet-propelled airplane,

A three—view

drawing of the airplane ehowing the spanwise locations of the wing-

static—pressure orifices is given in figure 3.

airplane pertinent to thie report are:

Wing

Airfoil section .
Area, 8q Tt , «
Span, £t . . o

Aspect ratio . .
Root chord, in .
ip: chord, in . »

Taper ratio « « «

Mean aerodynamic chord,

Tncidence (with respect

Root chord, deg
Tip chord, deg

Dihedral (at trailing edge on wing

in:

.

to fuselage

reference plane), deg

. .

reference

The dimensicne of the

. NACA 63 ~213(a= 0.5)

£ &% ¥ & ®w B s.$ "'005

. . . . . . . . . 3083

The wing has a constant airfoil section along the span with the
52-percent—chord point of all sectione lying in a plane perpendicular
to the fuselage reference line.
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The ailerons are attached by a.pianc~type hinge to the uprer wing
surface at the 7S-percent—chord line. They are statically and dynami-
cally mass-balanced, but have no aerodynamic balance. The pisno-type
hinge eff'ectively givee a ssaled condition. The inboard end of ths
aileron is at wing station 127 and the outboard end at wing station 216.

The locations of the flush orifices on the w1ng are listed iZn table
I. Approximately 40 orifices are located at each of the four principa
stations tested and additional orifices are located at intermediate
gtations.

The ordinates of the NACA 65:-213 (a=0.5) airfoil are presented
in table II and a comparison with the actual wing contour is presented
in figure 4. This figure presents the difference between the actual and
thsoretical o“dinatcs, positive values for the upper and lowsr surface
refer to "bumps" or elevations outside the theoretical contour, and nege-
tive values refer to depressions below ths theoretical contour. One of
the primary sources of cont o irregularities is the wing spars which are

located at 20, 52, and 70 percent of the chord.
INSTRUMENTATION

All guantities presented herein were obtained by the use of stand--
ard NACA photographically recording instruments synchronized by the use
of a timer. Msnometers werse used to record the pressure difference be—
tween the wing orifices =snd the fuselage nose compartment in which the
manometers wers housed. (See fig. 5.) A sensitive pressure cell wase
used to determine the pressure difference betwsen the nose compartment
and the static pressure at the airspeed hesd.?l

METHOD OF TESTING

The following flight technigue was employed by the pilot, After
gtabilizing in a steady straight run the airplane was rolled intcsa
progressively tightening turn, maintaining as constant an airspeed as
possible up to either the stall or as high an acceleration factor ae

the pilot deemed safe.

The aileron movement during this maneuver proved to be a serious
drawback to this technique. At high speeds the aileron deilections

‘1The airspeed head wae located 1.26 chord lengths ahead of the
wing leading edge on a boom attached to the wing-tip tank shackles.
(See fig. 6.)
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necessary to roll were small and could be considered negligible but, at
low speeds, aileron angles of 3° to L° were not uncommon. It appearsg
that better flight results in the low—speed range would be obtained with
a flight technique utilizing either straight pull-ups or steady turns.

The data presented herein for the higher Mach numbers (M = 0.78 to

M = 0.866) were obtained during entry into &nd recovery from shallow
dives.

REDUCTION OF DATA — ACCURACY

The results of the pressure—distribution tests are presented in
the form of graphs showing the chordwise variation of pressure coeffi-
cient P. This coefficient is based on the static pressure at the air—
speed head, corrected for position error as determined from a low-alti-
tude flight calibration. This flight calibration was made by flying
the airplane past an object of known height to obtain the pressure differ-
ence between the alrplane static preessure and the barometric pressure.
An attempt to determine this difference at a higher altitude proved in-
conclusive. In addition the error in static pressure inherent in the air—
speed head itself was determined up to M = 0.85 by calibrating it in
the Ames 16-foot high—speed wind tunnel. The airspeed and altimeter
readings were also correctéd for these errors.

All the pressure lines of the airspeed system were balanced to pro--
vide equal rates of flow during rapid changes in altitude. In order to
avoid the use of an excessively long impact pressure line to provide
equal rates of flow, two separate sources of static pressure were pro—
vided, one for the airspeed recorder and one for the altitude recorder.
All lines were 3/16-inch inside diameter and about 7 feet long, for
which length the lag was considered to be negligible. (See reference 2.)

The airspeed instrument, altimeter, and all pressure celle were
calibrated at several temperatures to determine the correction due to
temperature. This correction was a function of the instrument temper—
ature, a somewhat difficult quantity to determine in flight,and therefore
the instrument temperatures were estimated from the ambient—air tempera-
ture and the rate of cooling of the instrument. For the airspeed instru-—
ment and altimeter the error was quite small and for the orifice-pressure
manometers the temperature correction showed a wide variation between
cells. For the average cell the error introduced by temperature change
was the principal error involved.

The estimated accuracy with which the various quantities were eval-
nated is given as follows:
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<

+0.7 miles per hour

=

£0.005
hy, +50 feet;
P Ho/q-

0 25%

In general, the accuracy of the results was considered satiefactory

above a Mach number of 0.50 and above a Reynolds number of 10 x 108,
Below these values the errors involwed in measuring pressure coefficient

P produced inconclusive results.

All values of section-force coefficients and section-moment coeffi-
cients were obtained by mechanical integration of the chordwise varia--
tion of the pressure coefficients.

RESULTS

The range of Mach and Reynolds numbers covered during the tests is
illustrated in figure 7.

In general, results are presented as a function of Mach and Reynolds
numbers with emphasis being placed on the effect resulting from varia—
tions in Mach number. A typical comparison of pressure distributions
obtained at substentially constant Mach number but with varying Reynolds
number is illustrated in figure 8.

Typical chordwise pressure distributions measured in straight un-
accelerated flight between M = 0.69 and M = 0.79 are presented in figures
9 and 10. Similar data taken during dives in which a maximum Mach number
of 0.866 was reached are presented in figure 1l. Included with the data
presented in figures 9, 10, and 11 for wing station 65 is a comparison of
pressure distributions obtained on a 1/3-scale model of the airplane °
tested in the Ames l6-foot high--speed wind tunnel. Although the wind-—
tunnel data presented were measured at wing station 78, this .station wae
congidered close enough to the airplane test section (wing station 65)
to permit valid comparison.

A summary of the data pertinent to each pressure distribution pre—
gented is shown in table III. Owing to an instrument failure the pres—
sure coefficients for the flight data plotted in figures 9(e) to 9(1)
are based on the nose—compartment static pressure and not the free—
stream static pressure; thus all values of P are subject to a slight
undetermined constant correction.
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From the chordwise pressure distributions at various spanwise sta-
tions the spanwise 1lift distribution outboard of station 65 wae deter—
mined. These data have been broken down to show the effect of Mach num-
ber on the basic lift distribution (CL = 0, fig. 12) and on the totzal
1ift distribution (fig. 13). From the data of figure 12 the variations

with Mach number of normal-force zcefficient Ciy the wing bending-moment
coefficient Cy and the lateral centsr of pressure of the wing pensl

'm.
outboard of station 62 (26.5 percent semispan) were calculated for sever-
al values of airplane lift coefficient and are presented in figures 1k,

15, and 16, respectively.

From the chordwise-pressure-distribution data the section pitching-
moment coefficients about the section quarter—chord points were deter—
mined. These data are presented in figure 17 as functions of Mach number
and section normal-force coefficient. The spanwise variation of section
pitching-moment coefficient with airplane lift coefficlent and Mach num-
ber is shown in figure 18. .

Tn the determination of the spenwise lift distribution it was noted
that the aileron floated up, during the dives, at the higher speeds.
Therefore, the upfloat of the aileron with airplane lift coefficient at
Mach numbers up to 0.8 was determired and is presented in figure 19.

To investigate the reasons for this upfloat a measurement of the aero—

dynamic hinge moment was obtained from the chordwise pressure distribu—
tion over the aileron. (See fig. 20.) The variation of pressure over
the aft portion of the wing was determined (fig. 21), and the variation
of section hinge-moment coefficient with Mach number for several valuss
of normal-force coefficient was calculated. (See figs. 22 and 23.)

DISCUSSION

Chordwise Pressure Distribution

Relative importance of Mach and Reynolds numbers.— Above a Mach
number of 0.5 (the range in which the data are accurate enough to permit
comparison) the effect of the Reynolds number varistions shown in Tigure
7 were well within experimental error. This is demcnstrated by a typi—
cal plot in figure 8 in which a comparison is made between pressure dis—
tributions at approximately the same Mach number but at different
Reynoids numbers. The location of the ghock was the same in both caees
and the small differences between the two curves could be reasonably at-
tributed to a slight difference in Mach number.

Furthermore, in plotting the various parameters Cp, Cmc/k’ gpan-—

wise loads, and so forth, as a function of Mach number, no consistent
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varistions with altitude were apparent. As a consequence, it was con—
sidered justifiable to neglect the effect of Reynolds number and to pre-
sent the results as a function solely of Mach number.

Comparigon with high-speed wind-tunnel data.— In general the com~

parison between the flight—test results and the wind—tunnel model tests
ghown in figures 9, 10, and 1l indicated very good agreement. The prin-
cipal source of difference was the menufacturing irregularities in the
wing of the test airplane.

The wind—-tunnel model as is customary had a smooth and accurately
finished wing surface as contrasted with the actual airplane and there—
fore did not experience the irregularities in pressure distribution pres—
ent in the flight data. In spite of the exceptionally smooth wing can—
tour of the test airplane there are sufficient irregularities, princi--
pally due to wing spars, to produce quite considerable peaks in the pres—
sure distributions. These peaks becoms increasingly apparent at speeds
above the critical and conetitute a considerable dissimilarity when com—
parigon is made with the wind-tunnel results.

Nevertheless, the shock wave on the upper surface generally had a
chordwise location in flight which was only slightly aft of the locetion
given by the tunnel data. The static pressures at the trailing edge
were not always in agreement.

Among the secondary sources of differences, that due to the pressure
field of the model supporting struts is considersd to be most important.
The velocity profile due to the support struts is indicated in reference
3 for 5-percent—~thick struts. The model as tested has 12-percent—thick
struts,and it is estimated that the Mach number varied about 0.03 along
the chord of the model at the test station at M = 0.80.

No consistent differences are observable between the tunnel end
flight pressure distributions which can definitely be attributed tc
Reynolds number. Examination of the comparisons afforded by figures
9, 10, and 11 show no greater discrepancies existing when the Reynolds
number difference is'as large as 7.4 x 108 to 34.3 x 106 (fig. 9(a))
than when the difference is reduced to 7.6 x 10° to 15.9 x 10°
{fig. 10(m)).

Section Pitching-Moment Coefficient

Figure 17 indicates a peak negative value of n / = -0,068 at M
C/4

= 0.78. With further increase in speed, cp rapidly becomes less
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negative for low values of c¢p. For higher values of c, this trend is

small and the diving moment increases with further increase in Mach num—
ber. The indicat.on therefore is that above about M = 0.82 the wing
itgelf becomes. stable with respect to normal-force coeff;c;ent (dc./acn

is negative) and that this stabil.ty increasec rapidly as the Mach- num-
ber is increased to.0.86. - S8imilar resulis were obtained in tests on a
model wing in the Langley &-fout high-speed wind tunnel.

In viewing the results shown for wing staticons 152 and 207 it
should be borne in mind that these stations are over the ailercn and
that the aileron was floating up.

Spanwige Load Variation

The data of figures 12 and 13, which show the variation of spanwise
loading over a Mach number range of 0.60 to 0.86, indicate a substantial
unloading of the wing outboard of station 62 at speeds above M = 0.75.
This can be largely explained by the upfloat ¢f the ailerons and a shift
in the zero-lift angle of the wing. Aileron deflections of from 2° to i
up for Mach numbers above 0.80 (fig. 19) should unload the outboard sec—
tion of the wing. The positive shift in the zero-lift angle of the wing
at speeds above its critical would serve to increase the amount of lift
to be furnished by the fuselage.

-Figures 1, 15, and 16 indicate an inward shift of load with Mach
number above M = 0.70 and a decrease in the wing load above M = 0.78.
To determine if perhaps some of the lateral shift of load could be at--
tributed to twisting of the wing under load, the torsiongl deflection
of the wing at a Cp, = 0.70 at M = 0.78 was calculated, using values

of torsional stiffness furnished by the manufacturer of the test air—
plane. Under this loading the calculated angular deflection of the tip
with respect to wing station 62 was 0.16 . This was considered toc small
to be an appreciable factor in the load distribution.

From the foregoing it may be concluded that below M = 0,75 the ef—
fect of compressibility on the span load distribution is of a minor na-
ture. The determination of this effect at higher Mach numbers was pre-
vented at this time by the lack of data on the effect of the upfloat of
the aileron.

Aileron Characteristics and Trailing-Edge Loads

On the last two flights made, large changes in aileron angle were
noted for the highest speeds attained in straight dives and pull-outs.
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Unfortunately only one aileron position recorder had been installed and
that one was on the push—pull tube of the right aileron. The aileron
position as a function of Cp end Mach number is shown in figure 19.

It has been assumed that the left alleron was behaving in a similar
manner since the data were obtained during straight dives and pull-outs.
This supposition is further esupported by the linearity of the variation
Of ¢enq 'with the aileron deflection as shown in figure 20, The scatter
in the resulte may be attributed partly to effect of temperature on the
control-system rigidity and partly to errors in determination of cy.

To determine the effect of the aileron deflection on hinge mcments,
the pressure distributions over the aft 25-percent chord at wink stations
65 and 105.25 were integrated as well as those over the aileron. This
procedure gives results corresponding to zero aileron deflections and
allows comparison with the results obtasined with the aileron deflected.

Figure 23 shows the hinge-moment characteristice based on the pres—
sure distributions over the aft 25-percent chord at wing station 65.
From this it may be seen that Bch acn underwent a considerable change

at about M = 0.75. This would indicate a substantial change in a&ileron
control forces in this range (M = 0.75 to 0.85). Between M = 0.85 and
M = 0,86 a reversal of the slope indicates a sudden change in the ailer-
on characteristics. This decrease in hinge momente at the higher values
of cp is thought to be caused by the rearward chordwise location of the
peak pressures and shock wave location on the lower surface as well as

flow separation on the lower surface.

It appears logical that a large-scale separation on the upper sur—
face with the accompanying loss in pressure recovery produces the large
hinge moments obtained. This condition may be readily observed in the
preseure distributions of figure 11,

Figure 21 shows a typical variation with Mach number of the pressure
coefficients for orifices near the trailing edge both at stations over
the aileron and inboard of the aileron compared on the basis of constant
section normal-force coefficients. The sudden decrease in the coeffi-
cients of upper-surface pressures at about M = 0.80 is interpreted as
being a result of the flow separatiecn.

Comparing these curves of pressure coefficients for the trailing—
edge orifices for the various stations, it may be noted that the flow at
wing station 152 separates at a much lower Mach number than at any of the
other estations, an effect caused possibly by the reldatively large bumps
on the nose. (See fig. 4.) In addition, the separation at stations
over the ailerone occurs at a lower Mach number than that over the in—
board wing stations. This is attributed to the fact that comparison
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between stations is made on the bagis of equal values of sectional nor—
mal-force coefficients - ¢, which means that due to the upf loating ailer-

on a higher section angle of attack will be necessitated at the stations
over the aileron. It is this higher angle of attack which is believed to

be the cause of separation at a lower Mach number.

Although the aileron deflection produces sizable changes in the
appearance of the pressure distributions over both the upper and lower
surface, the change in hinge moments due to the deflection is small com—
pared to the large change in hinge moments occurring at Mach numbers
above 0.80. This is demonstrated in figure 22 in which a cp of 0.13
at M = 0.85 was obtained. It appears that the curves may have begun to
level off 'at about this value and that values of —-0.16 to ~0.20 would
not be exceeded. Separation on the lower surface would have the effect
of relieving these large hinge moments. Since this lower-surface sepa—
ration at least for low lift coefficients may be expected to occur at a
Mach number not greatly above those already reached (0.866),these large
hinge moments are probably a cheracteristic of a rather narrow range of
Mach number.

It might be noted that the aileron flutter observed at about
M = 0.83 on this airplane could possibly be explained by a coupling of
the shock and separation induced on the lower surface with the up—de—
flection of the aileron, the flow remaining virtually unchanged on the
upper surface due to the thick boundary layer.

Inspection of the pressure distributions ebove M = 0.80 to 0,86 in
figure 11 indicates that the aileron loading is uniform along the chord.
The most rearward pressure orifices installed on the wing were at approx—
imately 95~percent—chord location. In this report the practice has been
to fair the pressure diagrams in the proximity of the trailing edge.
There is a poesibility that a pressure discontinuity exists at the trail-
ing edge;in which case the aileron hinge moments would be slightly high-
er than stated herein.

On the basis of the results obtained to date it is recommended that
for the aileron and aft 30 percent of the wing chord a uniform chordwise
loading of 0.40q in the Mach number range of 0.80 to 0.866 be used for
design purposes. This corresponds to a cp = -0.20. ‘

CONCLUSIONS

The following conclusions were formed as a result of high--speed
flight tests on an airplane having an NACA low-drag airfoil.
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The results were considered accurate over a Raynolds number range
from 10 x 10° to 30 x 10® and over a Mach number range from 0.50 to
0.86. Airplane lift coefficients varied from O to 0.60 for the lower
Mach numbers and from O to 0.40 for the higher Mach numbers. Whereas a
few of the results are applicable only to the specific airplane tested,
most of the conclusions may be applied to any aircraft with this type of
wing profile in the high-speed range.

: 1. No significant effect due to Reynolds number was noticeable on
the chordwise pressure distributions or spanwise loading.

2, Chordwise pressure distributions made in the Ames 16-foot high-—
speed wind tunnel agree well with the flight—test results except for dis-
turbances caused by manufacturing irregularities in the airplane wing
surface. Although the test airplane has an exceptionally smooth wing
surface, the irregularities present have a definite effect on pressure
distributions.

3. A peak negative value of Cmg, /4 occurs at M = 0.78. Above
thig Mach number cmc/4 rapidly becomes less negative for low values

of ¢,, For the higher values of cp this trend is reversed. This
leads to a change of dcmc/g /dc, from positive to negative (stable)

at Mach numbers of 0.82 to 0.8.4.

L, No large changes in spanwise loadings or wing bending moments
due to Mach number were obtained below M = 0.79. Above M = 0.75 an
unloading of the outer portion of the wing with an inboard shift of the
lateral center of pressure took place. The principal cause of this was
considered to be the upfloat of the ailerons with a shift in the zero
1ift angle of the wing also having an effect.

J5. The ailerons were found to have a large upfloating deflection
during dives above a Mach number of 0.80. This was caused by a sudden
increase in hinge moments when the Mach number was increased above
M = 0.78. The high hinge moments were attributed to large—scale separa—
tion causing a loss in pressure recovery on the aft portion of the upper
surface.

6. It is recommended that for design purposes the aft 30 percent of
the wing chord and the ailerons should be designed to withstand a unifom
chordwise loading of 0.40q at supercritical Mach numbers.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif., August 1946.
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TABLE I.- ORIFICE LOCATIONS ON WINGS OF THE TEST AIRPLANE

Upper and lower surfacas

=
[Given in percent of chord] é
= |
=
=
Left wing ¥
Upper surface Lower surface &
Spanwise station, in. from center Spanwise station, in. from center o
Orifice line of airplane Orifice line of airplane
N 65 |87.5[105.25|131| 152 |180! 207 e, 65 |87.5(105.25 131| 152 | 180 207
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5 10.32| 10 | 10.25{10 | 9.65|/10 {10.02 5 10.20] 10 | 10.34 10 | 9.57]10 |11.43
6 16, 24| ===} 16.62|---|15.49| -—~]16,02 6 16.30] ----] 16.23| ---]15.49| ---| 16. 69
I |22.58}--—-1 23.32}---122.73} ---123,10 1 23.07) =—--| 23.6& ---| 22.59| ---| 23.43
8 26.12|----] 25,84} --- 22.93 -==126,13 8 26.12 --==| 25.95| ---[25.88] ---| 26,31
9 35.23 ——— 33.97 -— a .33 —— 134,19 9 23. c—— &}.87 -—- R .19] ---| 34,28
10 1.16|----| 42,09)---h0,62) --- {41,723 10 1,40) ~=—=| 41,84} -—-1b1,33) -——| 41,78
1 45.78| -—--| 46.53| ~—- {L&, 70| ——- {48, 78 11 45.93) -} 46.50| ---| &, 20| -~ 147,89
12 54.13|-~--| 55:96] ---[53.76| ---|55. 23 12 56,13 -===| 54.97} -==|53.76| ---[55.10
1 22.18 S 22.89 --~{58.78| ---{60.12 1 59.59] ~---| 59.99| ---|58&.88| ---} 60.03
1 13 - .60|---163,96} -~ |64.96 1 64,23 -——=| 65.02| -—-|63.56|---|65.16
15 69.12|-~—-1 69.56|---|68.68| -—-175.61 15 1 | 72.29 e [67.63] a—=| s
16 73.38|----| 76.88|--- {78 41| --- 80,18 16 71.87| ----| 76.47|---178.59|---|79.94
1 79.11 |---- 73.83 --—- |83,30] --- 85,14 17 79.09} ----1 79.96{---183 ,51{---185,02
18 3.0 =~ Bl 5K .. 100 onl 92.27 %g gegg e gg%g Byt 3(3)%% ---193.04
1 89.14 |-—--| 88.93[--- 193,24} ---195.25 sl = 2 £ =210 0.0 Q el
23 7 G RS 9&.33 me s -2--- SR MO 20 93.09 === | 95.06|-~= |-=—-- e
Section Section
chord, | 7.46(6.92] 6.40(5.83| 5.18{4.46| 3.73 chord, | 7.46/6.92| 6.40[5.83| 5.18 4. 46| 3.73
feet feet
Right wing bt
At spanwise station 105, orifices located at 23, 26, 34, and 42 percent chord. o
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TABLE II.- ORDINATES OF NACA 65 -213 (a = 0.5) AIRFOIL
[All stations and ordinates in percent chord]

TS
\&, éIO
S
&S
2%
S V-0
S l 1 L | |
Q 0 20 40 60 80 /100

Station , percent chord

Upper surface

Station | Ordinate
0 0
.28 1.06
.62 1.2
1.10 1.62
2.34 2,28
4 g1 -3.26
Te33 .02
E'SO L. 67
14, 81 5.71
19.83 6.51
2L &6 T.12
29,89 7.56
34.92 7.85
9.96 7.98
5.01 7.94
50.07 |
55.11 7.26
60.1 6,63
B | 2
. } .
75.11 E.lu
80.09 3.1
85.06 2l
90.04 1.3%
95.01 499
100,00 0

Lower surface
Station| Ordinate
0 0
.62 -.92
.88 ~1.10
1.40 -1.35
2.66 -1.72
5.19 ~2.3
7.69 ~-2.84
10.28 ~3.§§
1l g,
20.17 -3.26
25.14 -4.59
0. 11 -4, 82
Rg.os -4.96
.04 -E.Ol
M . 99 = ° 95
49,93 ~4.77
25:87 | Thiob
2 g ~3.60
69.87 ~-3.06
|
s229u -1.29
890 97 SHe 72
94.99 -.2u
100,00 0

L. E. radius: 1. 17& Elope of radius
0.08

through L. E,




TABLE III,- SUMMARY OF PRESSURE-DISTRIBUTION PLOTS PRESENTED
IN FIGURES 9, 10, AND 11,

‘ON NI YOVN

T8TT

Airplane
Mach Pressure Wing station Wing station|{Wing station| Wing station
number | altitude,| ciroidf) ¢ 65 105. 25 152 207
M h ’
D R Figure Figure Figure Figure
(ft) (x 10 -s) 3 number °n  pumber| °n nugger °n nmgggr
0.699 4,200 32.3 .065] 0.118 #9(a).| 0.119 9(b){O0. 052 9(c) |-0.006 9(a)
.706 | 10,000 25.0 0B 118 . Ste)l © 135 ofeqi 9(g) .010 9(h)
.688 | 20,200 17.8 81 <182 a9 187 Gtk 9(k) 045 9(1)
. 704 29,300 13.3 .1901 .241 19(m)j| .267 9(n) .16 9(0) .102 G(p)
. 754 3,400 72,3 L0531 .116 !10(a)] .092 10(b)| .031 10(c) | -.012 10(4)
.758 8'380 3.1 .06 .103 10(e){ .107 10(f)| .o74 10(g) | -.015 10(h)
.755 | 20,500 18.8 .10 136 *10{1) .121 10(3)] .104 10(k) .061 10(1)
.790 | 30,300 4.7 1101 .171 *10(m)| .142 10(n)] .063 10(0) | -.002 10(p)
.807 | 20,500 19.2 .016f .102 *11(a)| .056 11(b§ -.03 ll(c; -.074 11(ad)
839 | 18&,200 2. .2001 .2k 11(e)| .20 11(f)]| .106 11(g .039 11(h)
‘886 | 27,400 it. 111 43 11(4)) .38 11€4)] .20 11(k) .Ez 11(2)
‘808 | 17,400 22, A4g2) .58 1(m)| .55 11(n) 375 11{e) . 11(p)
}Indicates comparison made with high-aspeed wind-tunnel results.
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