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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY FLIGHT-DETERMINED PRESSURE DISTRIBUTIONS
OVER THE WING OF THE DOUGIAS X-3 RESEARCH
ATRPLANE AT SUBSONIC AND TRANSONIC
MACH NUMBERS

By Gereth H. Jordan and C. Kenneth Hutchins, Jr.
SUMMARY

Preliminary flight-measured chordwise pressure distributions have
been obtained at s wing midsemispen station of the Douglas X-3 research
airplane through en angle-of-attack range at Mach mmbers of 0.61, 0.78,
0.94, and 1.10.

The results of the investigetion indlcste that the maximum section
normal-force coefficient increased from sbout 0.7 &t the lower Mech num-
bers to ebout 1.2 at a Mach number of 1.10. The pressure distributions
at Mach numbers of sbout 0,61, 0.78, and 0.9% showed good agreement with
wind-tunnel results. At Mach numbers of 0.9% and 1.10 leading-edge flap
normsal-force and hinge-moment coefficlents increased with increase 1n
angle of attack throughout the angle-of-attack range tested and resulted
in high normsl-force and hinge-moment coefficients at the higher angles
of attack.

INTRODUCTION

The Douglas X-3 research alrplane has completed the manufacturer's
demonstration flights and U. 8. Alr Force evaluation flights at Edwards
Air Force Base, Calif. NACA instrumentation was used during these
flights to obtain limlted measurements of the pressure distribution over
a midsemispan stetlon of the left wing prior to the flight test program
to be conducted by the NACA High-Speed Flight Station.

Date were obtained during pull-ups at Mach number§ of approximately
0.61, 0.78, 0.94%, and 1.10 at altitudes between 21,000 to 28,000 feet.
The data were selected from the avallable maneuvers to cover as large a
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range of angle of attack as possible and in each case maximum airplane
normal-force coefficlent was approached. This paper presents an anelysils
of the pressure dlstributlions and section characterlstics obtalned during
these preliminary flights.

SYMBOLS
b/2 wing semispan, ft
Cnp airplane normal-force coefficilent, nW/qS
c local wing section chord parallel to plane of symmetry, ft
cp . local leading-edge flap chord parallel to plane of symmetry,
£t
ey leading-edge flep section hinge-moment coefficlent,
1
x X
Py - Prf— -~ 11d —-)
~/:3 (Fy L)(cf ) (cf
Cm, /4 section pitching-moment coefficient about 0.25 local sectlon

chord point, /(; l(PU - PL) (% - L_l;')d(%)

1
e, section normal-force coefficient, j; (PL - PU)d(ﬁ)
Cnf leading-edge flap section normel-force coefficient,
INCRESTC
Pr = Ppp}d[—
0 (P 0) (cf)
M free-stream Mach number
n a&irplane normal loed factor, g units
P -DP,
P pressure coefficient, -———
P pressure coeffilcient when local pressure is a vacuum, -1
vac O.7M2
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P local static pressure, 1b/ft<

Do free-streem statlc pressure, lb/ft2

a free-stream dynsmlc pressure, Ib/ft2

S wing area, lncludlng sres projected through fuselage, sq ft

t/c airfoil thickness ratlo, percent chord

W alrplene weight, 1b

b 4 chgz&wise distance from leading edge of local section chord,

e alrplane angle of attack, deg

Subscripts:

L lower surface

U upper surface

er criti;al, the value for which the local flow flrst becomes
sonic

DESCRIPTICN (F ATRPIANE AND WING

The Douglas X-3 research alrplane used in these tests and 1ts general
over-all dimensions are shown in the photograph end three-view drawlng
presented as figures 1 and 2, respectively. The dimensions and detalls
of the wing are shown in flgure 3. Physical characteristics of the air-
plane are given in table I end airfoll ordinstes for the midsemispan
station are given in teble ITI.

The wing has an espect ratio of 3.09, teper retio of 0.39, a k.5 per-
cent thick modified hexagonal sectlon and 1s mounted with zero incidence
and dihedral. A line through the T5-percent local chords is perpendicular
to the plane of symmetry. The modification to the sirfoil section con-
sisted of an 188-inch radius at 30 and TO percent chord and leading- and

, trailing-edge radii as shown in table II.
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INSTRUMENTATION AND DATA REDUCTION

Standard NACA instrumentation was used to measure the wing surface
pressures, normal acceleratlon, control surface position, and angles of
attack and sideslip. Indicated free-stream static and total pressures
were measured on the nose boom from which Mech number and free-stream
static pressure were obtained by the radar tracking method of reference 1.

The measured wing surface pressures were reduced to pressure coeffi-
clents and plotted to obtain chordwise pressure distributions whilch were
mechanlcally integrated to obtaln section normal-force coefficients and
sectlion pitching-moment coefflclents. The section pressure distributions
were also integrated over the leading-edge flap chord to obtain normal-
force coefficients and hinge-moment coefficients of the leadling-edge flap
sectlons.,

TESTS

The data presented were obtalned from maneuvers made in the clean
configuration through an angle-of-attack range at subsonic, transonic,
and supersonic Mach numbers at altlitudes between 21,000 end 28,000 feet.
The Reynolds numbers for these tests based on wing meen serodynsmic chord,
varied between 16 X 100 and 27 x 106.

ACCURACY

The accuracy of the test results is estimated to be within the fol-
lowing limits: .

M o o ¢ o o o o s o o o ¢ o s s s s s s o 8 s s s s s s o s« TO.01
T Jo o~
Cn.---..--.--...........-.-.--.-.1-0-05
o.-ao.-..-o.o--.o.l-o---o..--cto
cmc/h 0.006
ch-o-o..-----.-.---o-----oo-oooo-to-lo

The angle-of-attack system was callibrated only under statie ground
conditions, hence the angle-of-attack data are subJect to errors due to
vane floating, boom and fuselage bending, and upwash. Pliching velocitiles
were low for the polnts selected and the angles of aitack have been cor-
rected for the effective change 1n alrstream direction.
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RESULTS AND DISCUSSION

Pressure Distributions

Section pressure dlstributlions obtained over the wing midsemispan
statlon through an angle-of-attack range at approximately comnstant Mach
numbers of 0.61, 0.78, 0.9%, and 1.10 are presented in figures 4 to T.
These data are also shown 1n tabular form in tables III to VI.

Effect of engle of attack.- At & Mach number of 0.61 the pressures
as shown in figure 4 were suberitical and resulted in a triangular chord-
wise loading at angles of attack from 8% to sbout 11°. At angles of
attack of about 13° and greater extensive separation occurred over the
upper surface.

At & Mach mumber of 0.78 (fig. 5) the pressures over the leading
edge were supercritlcal with a shock located about 15-percent chord at
an angle of attack of 5°., As the sngle of attack increased the shock
location beceme obscure probably as a result of separation. Essentially
triangular chordwise loadings were obtained throughout the angle-of-sttack
range investigated at a Mach number of 0.78.

The pressure distributions at a Mach number of 0.9% (fig. 6) indi-
cate high expansion around the leading edge and the presence of a shock
near the leading edge. The maln wing shock was located about 90-percent
chord at an angle of attack of 3.4° and moved forward to about 45-percent
chord as the angle of attack was increased to 8.4°.

The pressure distributions at a Mach number of sbout 1.10 (fig. T)
start near zero 1lift and indicete the progression of the high negstive
pressures over the leading edge. The expension at the leading edge built
up rapidly end moved rearward until at an angle of attack of about 10°
the pressure near the leading edge closely approached a vacuum. A shock
moved forward over the upper surface from the tralling edge to about
60-percent chord as the angle of attack increased from about 4° to 13°.

Effect of Mach number.- In figure 8 a comparison is shown of the
pressure dlstributions obtained at an angle of attack of spproximstely
8° at the four test Mach numbers. At Mach numbers of 0.67 and 0.78
essentially triangular loading was obtained over the upper surface with
a uniform pressure recovery to the trailing edge. At Mach nmumbers of
0.92 and 1.12 an expansion to a near vacuum state occurred around the
leading edge. At a Mach number of 0.92 the maln wing shock was located
about 45-percent chord with separation behind the shoeck. At a Mach num-
ber of 1.12 a shock was located at about SO0-percent chord.

Comparison with wind-tunnel results.- A comparison of the flight
determined pressure distributlons with wind-tunnel results (ref. 2) is
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presented in figure 9. The pressure distributions showed good agreement
with wind-tunnel results. The differences that occurred at Mach numbers
greater than 0.90 (figs. 9(a) and 9(b)) are in the shock location and may
be explained by small differences in Mach number. The difference that
occurred 1ln the pressure level over the forward 30-percent chord at a

Mach number of 0.58 may be attributed to the difference in angle of attack.
At thils Mach number and angle of attack the flow over the upper surfeace is
becoming completely separated and the difference in angle of attack could
be responsible for the differences shown here (figs. 4(d) and h(e)).

Section Aerodynamlic Characteristics

The varlation of alrplane and section normal-force coefficient with
angle of attack is shown in figure 10. At a Mach number of 0.61 the mid-
semispan station stalled at an angle of attack of sbout 11°; however,
airplsne normal-force coefficient continued to increase. The reduction
in airplane normal-force-curve slope at an angle of attack of about 12°
is probably assoclated with wing stall. The maximm normsl-force coef-
ficlent of the mldsemispan station increased from about 0.7 at the low
Mach numbers to about 1.2 at a Mach number of 1.10.

The variation of section pltching-moment coefficient with normal-
force coefficlent is shown in figure 11. At Mach numbers of 0.61, 0.78,
and 1.10 a stable varlation of pitching moment occurred with an'increase
in stabllity &t the higher normal-force coefflcients. At a Mach number
of 0.94 an unstable break occurred at a normal-force coeffiecient of sbout
0.60 and became stable agaln at & normsl-force coefficient of about 0.70.

The variation of leading-edge flap normal-force coefficlent and
hinge-moment coefficilent with angle of attack 1s shown in figures 12
and 13, respectively. At Mach numbers of 0.61 and 0.78 little variation
of leading-edge flsp loads occurred primerily because of the angle-of~
attack range covered. At Mach numbers of 0.94% and 1.10 leading-edge flap
normal-force and hinge-moment coefficlents increased with increase in
angle of attack throughout the angle-of-attack range tested and resulted
in high normel-force and hinge-moment coefficlents at the higher angles
of attack.

CONCLUSIONS

Results of preliminary pressure-distribution measurements over a
wing midsemispan station of the Dougles X-3 research ailrplane indicate
that:
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. 1. The maximum section normal-force coefficient increased from about
0.7 at the low Mach numbers to about 1.2 et a Mach number of 1.10.

2. The pressure distributions at Mach nmumbers of sbout 0.61, 0.78,
and 0.9k showed good sgreement with wind-tunnel results.

3. At Mach numbers of 0.94 and 1.10 leading-edge flep normal-force
and hinge-moment coefflecients increased with Increasse in angle of attack
throughout the angle-of-gattack range tested and resulted in high normeal-
force and hinge-moment coefficients at the higher angles of attack.

High-Speed Flight Station,
Netional Advisory Committee for Aeronsutiecs,
Edwards, Calif., January 5, 1955.
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TABLE I

PHYSICAL CHARACTERISTICS OF THE DOUGLAS

X-3 RESEARCH AIRPLANE

<3
22.69

Area, 8 £ o &« ¢ ¢ ¢ 4 ot e ¢ e e b e v s s st a e e s s e s e s e s os

Span, £t

Wing

3.

© & 8 « s ® s e ¢ = s e e ¢ o @

Aspect ratio

s e s e s s s e e 0.39
« o « Modified hexagon

Taper ratlo . .

Alrfoll section .

b5

Airfoll thickness ratio, percent chord

2
&%m%%
Sl
s
mc””-
I
mm..w
ERERL
1 O -m
1843
ABEEL
38253
T
48842

[>¢]

Sweep at O.To chord 1ine, deg « o « « ¢« ¢ e o ¢« o ¢ s ¢ o « o s s ¢ « s ¢ s o o

Sveep at Bralling edge, ACZ + « « ¢ o ¢ « ¢ 8 2 4 ¢ 6 e e o 5 5 s s s s s e s s

Incldence, deg

Dihedral, GEE « « « o « o ¢ o« o ¢ o« a o 2 2 s 2 s ¢ e o ¢ « s s a s s s a o = &

Geometric twist, deg

sRqgoyece

« ¢ o o @

Horizontal tail:

43,24
13.77

Aree, 8q ft
Span, Tt

L.38

0.405

s o & s &6 o« s s o« o« « Modified hexagon

Aspect ratio

« ® w ®« 2 e 8 = & @

Taper ratlio « ¢« o« o ¢ o ¢« o o o «

8.01L
b5

Alrfoil thickness ratio at root chord, percent chord .

Adrfoll thickness ratio outboard of statlon 26, percent chord . + o+ « « o « & «

Meen aerodynamic chord, f£%

Alrfoll section . « « «

3.

pgo0
4D
4
e
. . g .
8.
R~ .
.”m”
Lpow
IS
mmnm
wm.@m
LERE

Vertical tail:

23.75

Area, 8Q £ « ¢ o s ¢« ¢ a4 s 4 « s 6 4 s s 6 4 e s 4 s e s e e v e s

Span, £t

2:39
1.315

0.292

« « « . Modified hexagon

* & e s & & & & & = 8 & s & N & s e a & & o o

Aspect ratio

« ¢ & ¢ s e = &

Taper ratio « . .

Alrfoil section ¢« ¢« « o o ¢ a ¢ ¢ o o o &

Mean aerodynsmic chord, ft

Root chord, ft

Alrfoil thlckness ratic

O
088
T
0.
\0
. s
. s 0.
. L] L]
LI .
...
...
...
. .0
« s
. s 0.
. ..
s s s
“« o
. ..
L[] - L[]
L] L
“« s
PR
« s s
* ® b
.m ..
oo
E-
(4]
..
.m ..
Q
m . w
['1] .
-
.
-
.
.
. .

1.93
Lk5.00

Tip chord, £t o« ¢ v « & ¢ ¢« ¢ ¢« ¢ ¢ s ¢ ¢ o ¢ o« s ¢ s a ¢ s ¢ s ¢ s s s a s o o

Bweep at leading edge, deg

Mexdmum widthy, £ ¢ a o ¢ ¢ ¢ s ¢« ¢ 6 ¢ ¢ ¢ ¢ ¢ e« s s ¢ ¢ ¢ s s s o s ¢ o & s =

Iength, inecluding boom, ft
Maximm height, ft

Fuselage

e e s s 4 s e 3,370
},850

Static sea~level maximm thrust, 1b ¢« « o« ¢ ¢« ¢ ¢ & ¢« ¢ 2 ¢ o ¢ s ¢ ¢ s o o

Weight
Basilc

Static sea-level military thrust, Ib

Reting, each engine

Engines o o « « « o o o s o o o s a ¢ o s « o s o s s o « TwO J34-WE-1T with afterburner

Power plant:

16,120
e e e e e e e e e e ... 22,100

(without fuel, oil, water, Pilot), Ib o « o « o ¢ = o ¢ a ¢ « 2 o o « o »

Total . .
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TABIE IT

PROFILE AND CRDINATES CF THE WING SECTION AT STATION 0.625 b/2

[Mod.‘h;’ied 4 .5-percent—thick hexagonsl a.irfoil]

Point.s of tan.gency
% ;12>1\l “

31"567 8§ 91011

\n

Ordinate,
percent chord
o

0
o

20 Lo 60 8o 100

Station, percent chord

Theoretical Actusl L.E. 0.03125" Redius

1.E. or T.E. or T.E.

—_—
——
—_—
_——
—_—
—

C.416T" — ]

DIMENSIONS OF L.E. AND T.E.
(Seme et 21l stations)

[Ste:bions and ordinstes glven in percent of local chord.:]

Station Upper surface Lower surface

mumber Station Ordinste Stetion Ordinste
1 0 0.003 o} -0.003
2 037 o2 05T -.042
3 15.948 1.536 19.948 -1.536
4 24,709 1.848 2k, 709 -1.848
5 29477 2.072 29.477 -2.072
6 34,2148 2.206 3h.248 -2.206
T 39.023 2,250 39.023 -2.250
8 61.558 2.250 61.558 -2.250
g 66.043 2.208 66.043 -2.208
10 T0.526 2.082 T0.526 -2.082
1 T5.005 1.872 T5.005 -1.872
12 T9.480 1.579 79.480 =1.579
13 99.963 LOh2 99.963% -.0h2
14 100.000 .003 100.000 -.003




TABLE IIT

PRESBURE CORFFICIENTS AT MIDSEMISPAN STATION

[%-3 atirplene; M ~ 0.61]

xfe Upper surface

2,5 | -0.876 | -0.B1% | -0.868 | -0.831 | -0.532 | -0.440 | -0.369 | -0.h29 | -0.k09 | -0.463 | -0.032 [ -0.4k2
5.0 851 =852 -87 -.8535 -.562 -.436 -.383 -3 -.366 -.lg6 -.521 -.438

T.5 -.063 -.893 -.860 -.508 -.609 -.1i86 -.h31 -.456 -Aa1 -.546 -.572 -3y
10,1 -.810 ~-.890 =900 -.870 -.580 -.ige -.b01 ~.480 =423 ~.60T =500 =438
18.0 =830 -.882 -.8% ~.84g -.638 536 ~.482 - 469 -.487 -.595 -.529 -, 465
20.3 -.876 -.872 -.808 -.864 -.6h2 =593 -.h81 -.485 ~.46h -.59 =565 -.538
29.5 (] - T06 -.80% -.8x -.668 -.399 -.52h -.510 =526 -.601 -551 ~5kh
36.0 =50k =566 ~.699 - TS -631 | ~.548 -.512 -.553 -.535 =312 | ~.5h2 - 53k
47.5 -.518 -.498 565 -.T10 -.609 -.5T9 -.538 ~ 581 -6 -573 -.603 -.576
95.0 -.599 -.362 -.3% -.549 =567 -.536 ~.607 =59 -.630 =.259 « 34T -S540
8.8 -.229 -.213 e 2ty -.318 -526 -.586 -.549 -.535 ~533 -645 -.615 -.608
80.0 -.116 -.19% -.182 -.2h8 ~.k79 -.499 ~.518 -.613 -.558 ~.568 -.621 -.61%
g8.0 -.062 -.081 -.139 -,138 =373 -.352 -.518 -.613 ~.612 -.652 -.621 -.651
xfe Lower surface

2.5 0.645 0.682 o.g'rh 0.591 0.765 0.792 0.710 0.7Th2 0.709 D.ZZ; 0.7 0. 716
5.0 525 558 . 630 L2 665 O 671 .616 . 125 a2
7.5 50 H79 5k «557 L9 580 ERT 662 G 582 L6h2 .6
10.1 .36k ST 410 RIS J32 393 951 511 546 484 Sk .5
17.9 224G 270 J30L 27k 332 307 361 339 302 383 T3 155
2,5 214 191 221 249 270 208 292 330 276 380 323 337
38.0 . 06D 08T +1h5 115 103 106 .128 AT7T .05 ggj J166 23
55.0 -.021 003 061 37 0353 -0 -5 -.038 053 -.069 -.109 -.023
.1l -.0k9 -.055 003 -.002 ~. 000 -.078 -.089 ~.224 -.129 -.256 -.204 -.155
9.0 =083 -.026 -.011 -.075 - 146 -.191 =162 - 27T =221 ~a305 ~o240 -.230
98.0 005 -.039 -.026 ~.090 ~a356 =534 =320 -.487 -.576 -.559 L ~.632
a 8,20 8.3° 9.39 10.3° 12.7° | 13.6° | 1.2° 15.7° 17.0° 18.2° 18.7° | 13.4°
ey 0.57 0.58 0.65 0.68 0.66 0.61 0.61 0.62 0.61 0.62 0.63 0.65
o, M -0,0122 | -0.0202 | -0,0368 | -0.0400 | -0.0755 | ~0.07%0 | -0.089% | -0.0787 | -0.0885 | -0,0627 | -0.0536 | ~0.0857
N 0.67 0.66 0.65 0.62 0.58 0.57 0.56 0.56 0.56 0.56 0.55 0.55

01

OTVGCH WY ¥OvN
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B TABIE IV
PRESSURE COEFFICIENTS AT MIDSEMISPAN STATION
[x-3 eirplane; ¥ ~ 0.78]
x/c Upper surface
2,5 { -1,161 |-1.00f |-1.070 |-1.079 |-0.922 |-0.915 |-0.918 |-0.902
5.0 | =1L.095 |~1.008 |-1.051 |-1.073 ~.943 -.950 ~.546 ~.923
7.5 | =1,031 |-1.012 |-1.018 |[-1.093 ~.56 |-1.0%2 - 97k -.966
10.1 - -1.000 ~.997 |-1.081 ~.952 ~.982 |-1.002 ~.939
18.0 -.k5 -.T68 -.856 ~.915 ~.887 -.895 ~-.T89 -.830
20.3 -.420 ~.694 -.751 ~.833 ~.830 ~.826 ~. 71k -.TT4
29.5 -.330 =77 ~535 -.605 ~.681 ~.T07 ~.683 ~-.T12
36.0 -.284 357 -.387 ey -.566 -.601 ~.686 ~.652
k1.5 -.214 -.266 -.290 -.331 -7k ~.509 -.660 ~-.589
- 55.0 -.171 4187 = 4235 =215 | ~.356 -.369 -.586 ~.506
68.8 -.151 -.150 -. 164 -.129 -.225 -.260 -.368 -0
80.0 =047 -.080 -.086 -.062 -.058 -.152 -.257 ~.305
- 8.0 119 .092 055 062 -.0h42 -.052 ~.108 ~.143
x/c Lower surface
2,5 0.560 0.568 0.570 0.641 0.690 0.698 0.721 0.721
5.0 448 456 L476 S5 576 582 .628 638
7.5 368 ST 405 k8 k93 455 499 .513
1c.1 282 265 300 343 .396 ST0 L2 431
1T7.9 .185 177 .188 .225 .26k 305 330 .321
2k.5 .088 096 125 164 .187 .185 «250 226
38.0 .020 .028 .022 05 .087 .05 131 135
55.0 -.006 011 -.007 .olg 055 .02 O41 051
Th.1 -.075 -.100 -.106 -.080 -.061 -.102 -.10h -.195
90.0 .020 .003 .006 -.012 .006 -.045 -OkT7 -.083
98.0 152 .119 105 119 .038 LN -.022 -.058
a 5.0° 5.39 5.8° 6.3° T.1° T.2° 8.8° 9.2°
cn 0.37 0.l 0.46 0.52 0.57 0.60 0.68 0.67
cmc/h 0.021% | 0.0198 | 0.0173 | 0.0163 | -0.0054 | -0.0118 | -0,0400 | -0.0368
M 0.77 0.TT 0.7T7T 0.77 0.78 0.T8 0.T8 0.78
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TABLE V

PRESSURE COEFFICIERTS AT MIDSEMISPAN STATION

[x—5 airplane; M o.9k]

NACA RM H55A10

xfe Upper surface
2.5 | =0.919 | -0.967 |[-0.998 | -1.042 | -1.096 | -2.138 | -1.2k9 | -1.263 | -1.3%9 | -1.38%
5.0 -.T93 =T -.865 -.901 -.01 -.990 | ~1l.084 |-1.132 | -l.192 | -1.262
T.5 -.6TT -.738 -.T69 ~.82k -.877 -.925 | -l.02hk [-1.058 | -1.153 |-1.17¢9
10.1 =60k -.659 -.703 -.753 -.827 -.875 -.975 |-1.009 |-1.132 |[-l.172
18.0 -.170 -.354 -.602 =637 -.T16 - Th3 - -.833 -957 -.
20.3 -.202 ~-.284 ~.439 -.605 -.687 ~-.T22 -.8%5 -1870 -.977 ] -1.010
29.5 -390 =397 -t =i ~-.626 -.TT72 -.901 -.929 -.997 | -1.080
36.0 -.49% -.500 -.k86 -.533 ~-.578 -.618 -. 790 -.895 -.999 | -1.064
k7.5 =534 -S5TT =575 -.600 ~-.635 -~.66L -.Th5 -.781 -.972 -.705
55.0 -9z -.519 -.530 -.565 -.605 -.638 ~. 700 -.T26 -.815 -.595
68.8 -.k90 -.564 ~.582 | -.585 -.659 -.646 -.T16 -.T16 -.502 ~.55L
80.0 -.552 -.585 -.628 -.605 -.62k -.665 -.381 -.301 31 -.528
98.0 .080 Oh7 JO4T 032 02k ~.001 -.069 -.115 -.262 -.379
x/c Lower surface
2.5 0.461 0.520 0.538 0.5T5 0.594 0.608 0.640 0.673 0.680 0.722
5.0 334 382 400 S5 451 g2 .510 53T .6hg 585
T.5 .286 .293 332 .398 «384 L1L Loz L70 .508 509
10.1 .201 227 227 .309 .289 329 .338 358 360 381
17.9 106 .119 165 176 .182 .209 .230 25T .284 326
2l .5 -.025 .023 O57 .048 . .081 136 .136 .196 190
38.0 | -.164 | -.124 -.110 | -.08 | -.060 | -.008 | -~.002 031 L0lt8 0TS
55.0 -.092 -.058 -.0%8 -.033 - 040 ~.021 -.008 005 -.025 .008
Th.l -.32h -.338 =337 -.282 =333 -.320 =311 =297 -.284 =307
50.0 ~.402 -.395 -.30 =343 - 370 =350 ~.3548 -.335 -.357 | ~.338
98.0 =177 ~.203 -.222 -.217 ~.250 -~ .24k -.288 -295 -.390 ~.392
a 3.0 3.6° k.0 4. L0 4.g° 5.3° 6.2° 6.3° 7.3° 8.4°
en 0.33 c.lko 0.45 0.51 0.56 0.62 0.66 0.69 0.80 0.80
en M ~-0.0045 | =0.0170 | =0.0205 | -0.0288 | -0.0230 | -0.0336 | -0.0115 | -0.0109 | -0.0291 { -0.0368
[+
M 0.9% 0.94 0.9% 0.4 o.9% 0.94% 0.93 0.95 0.92 0.92
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TABLE VI
PRESSURE COEFFICIENTS AT MIDSEMISPAN STATION
[x-3 eirplene; ¥ ~ 1.10]

x/e Upper surface

2.5 0.258 -0.168 -0.423 -0.72 ~-0.526 ~0.619 -0.682

5.0 236 .198 -.24h9 ~.340 -.376 =169 -.549

7.5 197 155 ~-.051 -.270 -.3h0 -437 -.516
10.1 .165 .13%6 012 - 234 ~-.294 -387 -495
18.0 b2 L1 .109 ~.003 -.207 -.315 -.399
20.3 -.094 -.105 -.120 ~.148 -.186 -.290 -162
29.5 .097 052 053 ~.004 -.146 -.31h ~.390
36.0 -.213 -.212 -.226 ~-.260 =.290 -.3528 -.395
k7.5 -.182 -.202 -.253 ~.290 -.313 =342 -.116
55.0 ~.197 -.214 -.250 -.268 -.315 -.358 -0k
68.8 -2k -.2h6 -.260 -.329 -.365 -To! 8 ~A457
80.0 -.295 -.309 -.3%8 -.376 -0 -.438 -8k
g98.0 ~J3hT -.336 -.332 -.306 -.299 -.278 -.309

x/e Lower surface
T 2.5 0.42% 0.L7h 0.516 0.569 0.629 0.669 0.718

5.0 273 524 .380 . 500 5l .588

7.5 .189 238 312 <393 ok L6T 520
10.1 JA51 166 .238 2Th 316 379 405
17.9 125 164 158 2ok 272 294 3h7
2k.5 048 067 A1k <143 165 .20k <227
38.0 -.157 -.125 -.095 -.057 -.013 021 .056
55.0 =17 - .06l -.006 .009 063 .150 181 .
.1 - 243 —21lk -.182 -.135 -.146 -.120 -.110 =
90.0 -.312 -.298 -.283 -.251 -.261 -.229 218 .:5
98.0 -.312 -.292 -.288 -.273 -.266 -.240 -.240 .-
a 1.5° 1.8° 2.6° 3.3° 3.6° 4. 6° 5.7°

en 0.05 0.10 0.19 0.28 0.35 0.k6 0.55

e I -0.0128 | -0.,0147 { -0.0182 | -0.0234 | -0.0333 | -0.0464 | -0.0598

c

M 1.09 1.10 1.10 1.11 1.11 1.1% 1.11
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TABIE VI.- Concluded
PRESSURE COEFFICIENTS AT MIDSEMISPAN STATION
[X-} airplene; M =~ 1.10]

x/c Upper surface

2.5 ~-0.781 -0.826 -1.010 -1.049 ~-1.104% -1.122
5.0 -.629 =.650 -.857 -.916 ~1.027 -1.024

7.5 -.616 -.651 -.83%6 -.899 -.972 =-.990
10.1 ~.597 -.638 -.805° -.890 - T 972
18.0 -.496 -.522 -.TOh -.T76 -.857 ~.900
20.3 -.525 -.580 -, 768 -.834 -.800 -.913%
29.5 -.518 -.557 -.T27 -.T81 -.824 -.852
36.0 -.546 -.616 -.T75 -.862 -.881 -.906
k7.5 -7 -.606 -.844 -.896 -.965 ~-.967
55.0 -.460 -Jge -.T70 -.832 ~-.888 -.890
68.8 -Jh97 ~.529 - Th2 ~-.843 -.656 -.658
80.0 ~-.527 -.562 -. 729 -.TTL ~.643 -.671
38.0 -.315 -.278 -.340 -J411 -.526 -.539
x/c Lower surface

2.5 0. T49 0.817 0.939 0.969 0.973 0.977
5.0 .618 680 .825 .880 .889 .882

T.5 552 621 .721 STTT .826 . 788
10.1 L3 482 625 649 697 690
17.9 387 AT 557 589 629 617
2k.5 277 335 LT3 502 550 53T
38.0 .160 239 <355 «399 430 13
55.0 205 207 278 311 332 340
Th.1 -.100 -.0T7 -.01k .02k .0kg 031
90.0 -211 -.170 -.117 - 064 -.025 -.048
98.0 -.222 =172 -.109 -.072 -.058 -.060
o 6.8° 7.4° 10.6° 11.8° 13.1° 13.4°
en 0.64 0.75 1.02 1.13 1.15 1.15
°mc/u -0.0746 -0.0886 =0.1k53 =0.1741 -0.1632 -0.1645
M 1l.12 1.12 1.11 1.11 1.10 1.10
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Flgure 2.~ Three-view drawing of the X-3 airplane.
in inches.
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Figure 3.- Drawing of the ¥-3 left wing including spenwise location of

the pressure-measuring orifice row. All dimensions in inches unless
otherwise stated.
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Pigure k.- Effects of angle of attack on the chordwise pressure distri-
bution of the midsemispan station. M = 0.61 * 0.06. X-3 airplene.
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Figure k.- Continued.
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Figure Y.- Concluded.
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Figure 5.~ Effects of sngle of atiack on the chordwise pressure distri-
bution of the midsemispan station. M = 0.78 ¥ 0.01. X-3 airplane.



22 SRR NACA RM H55A10

(e) ep = 0.57; @ = T.1°. (g) cp = 0.68; a = 8.8°.
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(f) cp = 0.60; o = T.2°. (h) cp = 0.67; a = 9.2°.

Figure 5.- Concluded.
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Figure 6.- Effects of angle of attack on the chordwise pressure distri-
bution of the midsemispan station at a Mach number of 0.94% + 0.02.
X-3 airplane.
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Figure 6.~ Continued.
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Figure 6.- Concluded.
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Figure 7.~ Effects of sngle of attack on the chordwise pressure distri-

bution of the midsemispen stetion at a Mach number of 1.10 T 0.02.
X-3 airplane.
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Flgure T.~- Continued.
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Figure 8.~ Effect of Mach number on pressure distribution at midsemispsn
station at an engle of attack of approximately 8°.

cormaghisiiah



30 m NACA RM H55A10

O Upper surfoace

O Lower surface
-8-ty—— - --and flagged symbols
ﬁ denote wind~tunnel data

0]
I

1.2

(2) Flight, M = 0.9%; wind tunnel, (c) Flight, M = 0.78; wind tumnel,

M= 0.92. Flight, a = 3.14°; M = 0.80. Flight, o = 9.2
wind tunnel, o = 3.00. wind tunnel, a = 9.0°.
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(b) Flight, M = 0.93; wind tunnel, (d) Flight, M = 0.58; wind tunnel,
M= 0.90. TFlight, a = 6.2°; M = 0.60. Flight, o = 12.7°;
wind tunnel, a« = 6.2°. wind tunnel, « = 12.0°.

Figure 9.~ Comparison of wind tunnel and flight determined pressure dis-
tributions at the midsemispan station. X-3 ailrplane.
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Figure 10.-~ Varlstion of alrplene and wing midsemispan section normal-
force coefficlents with angle of attack at various Mach numbers.
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Figure 1l.~ Variation of section pliching-moment coefficient with sec-
tion normel-force coefflcient at the midsemispan station.
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Figure 13.- Variation of leading-edge flap sectlion hinge-moment coeffi-

cient with angle of attack at various Mach numbers.
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