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RESEARCH MEMORANDUM

DISTRIBUTIONS

RESEARCH

PRELIMINARYFLIGHT-DETERMINEDPRESSURE

OVXR THE WING OF THE DOUGLAS X-3

AIRPLANE AT SUBSONIC AND TRANSONIC

MACH NUMBERS

By Gareth H. Jordan and C. Kenneth Hutchins, Jr.

SUMMARY

flight-measured chordwisepressure distributionshave
a wing midsemispan station of the Douglas X-3 research
an angle-of-attackrange at Mach numbers of 0.61, 0.78,

of the investigationindicatethat the maximum section

Preliminary
been obtained at
airplane through
0.9, and 1.10.

The results
normal-forcecoefficientincreasedfrmn about 0.7 at the lower Mach num-
bers to about 1.2 at a Mach number of 1.10. The pressure distributions
at Mach numbers of about 0.6J_, 0.78, and O.~ showed good agreement with
wind-tunnel results. At Mach numbers of O.% and 1.10 leading-edgeflap
normal-forceand hinge-momentcoefficientsincreasedwith increase in
angle of attack throughout the angle-of-attackrange tested and resulted
in high normal-forceand hinge-momentcoefficientsat the higher angles
of attack.

INTRODUCTION

The Douglas X-3 research airplane has completedthe manufacturer’s
demonstrationflights and U. S. Air Force evaluation flights at Edwards
Air Force Base, Calif. NACA instrumentationwas used during these
flights to obtain limited measurements of the pressure distribution over
a midsemispan station of the left wing prior to the flight test program
to be conductedby the NACA High-SpeedFlight Station.

Data were obtained during pull-ups at Mach numbers-%f approximately
0.61, 0.78, 0.9, and 1.10 at altitudes between 21,000 to 28,000 feet.
The data were selected from the available maneuvers to cover as large a
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range of angle of attack as possible and in each case maximum airplane
.

b/2

CNA

c

Cf

nor&l-force coefficientwas approached.
of the pressure distributionsand section
these preliminary flights.

SYMBOLS

wing semispan,ft

cmc/4

Cn

C%f

M

n

P

P
vac

This paper presents an.analysis
characteristicsobtained during

airplane normal-forcecoefficient, nW/qS

local wing section chord parallel to plane of symmetry,i%

local leading-edgeflap chord parallel to plane of symmetry,
ft

leading-edgeflap section hinge-momentcoefficient,

J-&-%)(: - ‘)d(:)
section

chord

section

pitching-mment coefficientabout 0.25 local section

point, J’(PU - %)(; - ;)d(:)

normal-forcecoefficient, J’(PL - %)d(%)

leading-edgeflap section normal-forcecoefficient,

J& -%)d($)

free-streamMach number

airplane normal load factor, g units

P - P.
pressure coefficient,

q

-1
pressure coefficientwhen local pressure is a vacuum, —

o.’p42

CONFIDENTIAL



NACA RM H’j~AIO CONFIDENTIAL 3

P local static pressure, lb/f’t2

P. free-stream static pressure, lb/ft2

q free-streamdynamic pressure, lb/ft2

s wing area, includingarea projected through fuselage, sq ft

t/c airfoil thickness ratio, percent chord

v airplane weight, lb

x chordwise distance from leading‘edgeof local section chord,
ft

a airplane angle of attack, deg

Subscripts:

L lower surface

u upper surface

cr critical,the value for which the local flow first becomes
sonic

DESCRIPTION Cl?AIRPLANE AND WING

The Douglas X-3 research airplane used in these tests and its general
over-all dimensions are shown in the photograph and three-view drawing
presented as figures 1 and 2, respectively. The dimensions and details

of the wing are shown in figure 3. Physical characteristicsof the air-

plane are given in table I and airfoil ordinates for the midsemispan
station are given in table II.

The wing has an aspect ratio of 3.09, taper ratio of 0.39, a 4.5 per-
cent thick modified hexagonal section and is mounted with zero incidence
and dihedral. A line through the 7’j-percentlocal chords is perpendicular
to the plane of symmetry. The modificationto the airfoil section con-
sisted of an 188-inch radius at 30 and 70 percent chord and leading- and
trailing-edgeradii as shown in table II.
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INSTRUMENTNI!IONAND DATA

Standard NACA instrumentationwas used

NACA RM H5>A1O

REDUCTION

to measure the wing surface
pressures, normal acceleration,control surface position, and angles of
attack and sideslip. Indicated free-stream static and total pressures
were measured on the.nose boom from which Mach 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-
cients and plotted to obtain chordwisepressure distributionswhich were
mechanically integratedto obtain section normal-forcecoefficientsand
section pitching-momentcoefficients. The section pressure distributions
were also integrated over the leading-edgeflap chord to obtain normal-
force coefficientsand hinge-momentcoefficientsof the leading-edgeflap
sections.

TESTS

The data presented were obtained from maneuvers made in the clean
configurationthrough an angle-of-attackrange at subsonic,transonic,
and supersonicMach numbers at’altitudes between 21,0C0 and 28,0m feet.
The Reynolds numbers f~r these test? based on wing mean aerodynamicchord,
varied between 16

The accuracy
lowing limits:

M. . . . . . . .
P. . . . . . . .
Cn . . . . . . .

cmc/4 “ “ “ “ “ ●

cha-oocoo

x l@ and 27x l@.

ACCURACY

of the test results is estimatedto be within the fol-

*oool
● . ...* ● .*..* ..0000 ● .****

~o.02● O.** . . . . . ● . . . . ● .00. ● ***
*().o~. ...* . . . . . ● .*.. ● ..0. ● *.*

. . . . . . . ..0.0 ..000. ..****
*().()06

*O.1O. ..0. . ...0 . . . . . .0.00 ● O.*

The angle-of-attacksystem was calibrated only under static ground
conditions,hence the angle-of-attackdata are subject to errors due to
vane floating, boom and fuselage bending, and upwash. Pitching velocities
were low for the points selected and the angles of attack have been cor-
rected for the effective change in airstream direction.

coIwmwIAL
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RESULTS AND DISCUSSION

Pressure Distributions

Section pressure distributionsobtained over the wing midsemispan
station through an angle-of-attackrange at approximatelyconstantMach
numbers of 0.61, 0.78, O.$#1,and 1.10 are presented in figures 4 to 7.
These data are also shown in tabular form in tables III to VI.

Effect of angle of attack.- At a Mach number of 0.61 the pressures
as shown in figure 4 were subcriticaland resulted in a triangular chord-
wise loading at angles of attack from 8° to about no= At angles of
attack of about 13° and greater extensive separationoccurred over the
upper surface.

At a Mach number of 0.78 (fig. >) the pressures over the leading
edge were supercriticalwith a shock located about 15-percent chord at
an angle of attack of 5°. As the angle of attack increasedthe shock
location became obscure probably as a result of separation. Essentially
triangular chordwise loadings were obtained throughout the angle-of-attack
range investigatedat a Mach number of 0.78.

The pressure distributionsat a Mach number of 0.94 (fig. 6) indi-
cate high expansion around the leading edge and the presence of a shock
near the leading edge. The main 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 increasedto 8.4°.

The pressure distributionsat a Mach number of about 1.10 (fig. 7)
start near zero lift and indicatethe progression of the high negative
pressures over the leading edge. The expansion at the leading edge built
up rapidly and 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 trailing edge to ab@
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 distributionsobtained at an angle of attack of approximately
80 at the four test Mach numbers. At Mach numbers of 0.67 and 0.78
essentiallytriangular loading was obtained over the upper surface with
a uniform pressure recovery to the trailing edge. At Mach numbers of
0.92 and 1.12 an expansion to a near vacuum state occurred around the
leading edge. At a Mach number of 0.$12the main wing shock was located
about 45-percent chord with separationbehind the shock. At a Mach num-
ber of 1.12 a shock was located at about 90-percent chord.

Comparison with wind-tunnel results.- A comparison of the flight
determined pressure distributionswith wind-tunnel results (ref. 2) is

CONFIDENTIAL
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presented in figure 9. The pressure distributionsshowed good agreement r

with wind-tunnel results. The differencesthat occurred at Mach numbers
greater than O.$10(figs. 9(a) and 9(b)) are in the shock location and may
be explainedby small differences in Mach number. The differencethat
occurred in the pressure level over the forward 30-percent chord at a
Mach number of 0.58 may be attributedto the difference in angle of attack.
At this Mach number and angle of attack the flow over the upper surface is
becoming completely separated and the difference in angle of attack could
be responsiblefor the differences shown here (figs. 4(d) and 4(e)).

Section Aerodynamic Characteristics

The variation of airplane and section normal-force coefficientwith
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 about llO; however,
airplane normal-forcecoefficientcontinuedto increase. The reduction
in airplane normal-force-curveslope at an angle of attack of about 12°
is probably associatedwith wing stall. The maximum normal-forcecoef-
ficient of the midsemispan station increasedfrom about 0.7 at the low
Mach numbers to about 1.2 at a Mach number of 1.10.

The variation of section pitching-momentcoefficientwith normal-
force coefficientis shown in figure 11. At Mach numbers of 0.61, 0.78,
and 1.10 a stable variation of pitching moment occurred with an increase
in stability at the higher normal-forcecoefficients. At a Mach number
of O.% an unstable break occurred at a normal-forcecoefficientof about
0.60 and became stable again at a normal-forcecoefficientof about 0.70.

The variation of leading-edgeflap normal-forcecoefficientand
hinge-manentcoefficientwith angle of attack is shown in figures 12
and 13, respectively. At Mach numbers of 0.61 and 0.78 little variation
of leading-edgeflap loads occurred primarily because of the angle-of-
attack range covered. At Mach numbers of 0.94 and 1.10 leading-edgeflap
normal-forceand hinge-momentcoefficientsincreased with increase in
angle of attack throughoutthe angle-of-attackrange tested and resulted
in high normal-forceand hinge-momentcoefficientsat the higher angles
of attack.

CONCLUSIONS

Results of preliminarypressure-distributionmeasurements over a
wing midsemispan station of the Douglas X-3 research airplane indicate
that:

CONFIDENTIAL
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1. The maxtium section
0.7 at the low Mach numbers

CONFIDENTIAL 7

normal-forcecoefficientincreasedfrom about
to about 1.2 at a Mach number of 1.10.

2. The pressure distributionsat Mach numbers of about 0.61, 0.78,
and O.* showed good agreementwith wind-tunnel results.

3. At Mach numbers of 0.9 and 1.10 leading-edgeflap normal-force
and hinge-moment coefficientsincreasedwith increase in angle of attack
throughout the angle-of-attackrange tested and resulted in high normal-
force and hinge-momentcoefficientsat the higher angles of attack.

High-SpeedFlight Station,
National Advisory Committee for Aeronautics,

Edwards, Calif., January 5, 1955.
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TABLE I

PHYSICALCHARACTERISTICSOF THE DOUGLAS

X-3 RESEARCHAIRPLANE

wing:
Area, si ft . . . . . . . . . . . . . . . . . .
Span, ft . . . . . . . . . . . . . . . . . . .
Aspect ratio . . . . . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . . . . . . .
Airfoil section . . . . . . . . . . . . . . . .
Airfoilthicknessratio,percentchord . . . .
Airfoilleading-and trailing-edgeangles,deg
Meanaerodynmic chord,ft . . . . . . . . . .
Rootchord,ft . . . . . . . . . . . . . . . .
Tlpchord, ft. . . . . . . . . . . . . . . . .
Sweep at leadingedge, deg . . . . . . . . . .
Sweep at O.~ chord line, deg . . . . . . . . .
Sweep at trailingedge, deg . . . . . . . . . .
Incidence,deg . . . . . . . . . . . . . . . .
Dihedral,deg. . . . . . . . . . . . . . . . .
Geometrictwist= deg . . . . . . . . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

Horizontaltail:
Area, sqft . . . . . . . . . . . . . . . . . . . . .
Span,ft . . . . . . . . . . . . . . . . . . . . . . .
Aspect ratio . . . . . . . . . . . . . . . . . . . . .
Taper ratio. . . . . . . . . . . . . . . . . . . . . .
Airfoilsectlon. . . . . ... . . . . . . . . . . . . .
Airfoilthicknessratio at root chord,percent chord .
Airfoilthicknessratio outboardof station26, percent
Me.maerodynsmlc chord,ft . . . . . . . . . . . . . .
Rootchord,ft . . . . . . . . . . . . . . . . . . . .
Tipchord,ft. . . . . . . . . . . . . . . . . . . . .
Sweep attrailingedge, deg . . . . . . . . . . . . . .
Dihe-&J, deg

Vetiicaltail:
Area, sq i% .
Span, ft . .
Aspect ratio
TaDer ratio .

. . .

. . .

. . .

. . .

. . .

. . .
chord
. . .
. . .
. . .
. . .

- NACA RM H55A1O

. . . . . . . . . 166.y

. . . . . . . . . 22.69

. . . . . . . . . 3.09

. . . . . . . . . 0.39

. . . . .Modifiedhexagon

. . ...* . . . 4.5

. . . . . . . . . 8.58

. . . . . . . . . 7.84

. . . . . . . . . 10.58

. . . . . . . . . 4.rL

. . . . . . . . . 23.16

. . . . . . . . .

. . ...* . . . -8.;

. . . . . . . . . 0

. . . . . . . . . 0

. . . . . . . . . 0

. . . . . . . . . 43.24

. . . . . . . . . 13.77

. . . . . . . . . 4.38

. . . . . . . . . 0.405

. . . . .Modifiedhexagon

. . ...* . . . 8.01

. . . . . . . . . 4.5

. . . . . . . . .

. . . . . . . . . 4%

. . . . . . . . . 1.814

. . . . . . . . . 0
. . . . . . . . . . . . . . . . . . . . . . . . . . ...* . . . 0

. . . . . . ● . . . . . . . . . . . . . . . . . . . . . . . . . . 23.~

. . . . . . . . . . . . . . . . . . . . . . . . . . ...* . . . 5.59

. . . . . . . . . . . . . . . . . . . . . . . . . . ...* . . . 1.315

. . . . . . . . . . . . . . . . . . . . ...0 . . . . . . . . . 0.292
Airfoil section. . . . . . . . . . . . . . . . . . . . . . . . . . . . Modifiedhemgon
Airfoilthickmessratio,percentchord . . . . . . . . . . . . . . . . . . . .
Meanaerodyncuni cchord,ft . . . . . . . . . . . . . . . . . . . . . . . . . . 4%
Rootchord, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.508
Tipchord,ft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.93
Sweep atleadingedge,deg . . . . . . . . . . . . . . . . . . . . . . . . . . 45.(X)

Fuselage:
Length,includingbean, s% . . . . . . . .
Maximumwidth,ft. . . . . . . . . . . . .
Maxlmumheight,ft . . . . . . . . . . . .

Power plant:
Engines. . . . . . . . . . . . . . . . . .
Rating,each engine:
Static sea-levelmilitarythrust,lb .
Static sea-levelmaxiruumthruat,lb . .

Weight:
Basic (withoutfuel, oil, water, pilot),lb
Total. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . 66.75

. . . . . . . . . . . . . . . . . . 6.08

. . . . . . . . . . . . . . . . . . 4.81

. . . . . . . TwoJ34-WE-17with afterburner

. . . . . . . . . . . . . . . . . . 3,370

. . . . . . . . . . . . . . . . . . 4,850

. . . . . . . . . . . . . . . . . . 16,120

. . . . . . . . . . . . . . . . . . 22,100
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A
NACA RM ~5A10 CONFIDENTIAL 9

.

TABLEII

PROFILE AND ~INATES QF THE WING SECTION NJ STATION 0.625b/2

[
Modified k .’3-percent-thickhexagonal 1airfoil

—

1 I

o 20 40 60 80 100

Station, percent chord

Theoretical Actual L.E. /- 0.03125” Radius

L.E. or T.E. or T.E.

Chord
– ~ine

DIMENSIONS OF L.E. ANQT.E.
(Ssme at all stations)

[ 1Stations and ordinates given in percent of local chord

Station
number

Uppersurface

station I Ordinate

Lower surface

Station Ordinate

1

;
4
5
6

i
9
10
U
12
13
14

0
.037

19.948
24.709
2$3.477
34.248
39.023
61.5>8
66.043
70.526
-(5.005
79.480
99.963
100●000

0.003
.042

1.536
1.848
2.072
2.206
2.250
2.250
2.208
2.082
1.872
1:5J:“’

.003

0
.037

19.9k8
24.709
29.477
34.248
3$2.023
61.558
66.043
70.526
~.oq
TV.480
99.%3
100.000

-0.003
-.042
-1.536
-1.848
-2.072
-2.206
-2.250
-2.250
-2.2ca
-2.082
-1.872
-::L;

-.CK13
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TABLE IV

PRESSURE COEFFICIENTSAT MIDSEMISPAN EWATION

[X-3 airplane;M = O.78]

11

x/c Uppersurface

-I.161 -I.ook -1.070 -1.079 -0.922 -0.915 -0.918 -0.902
;:2 -1.0% -1.00!3 -1.W1 -1.073 -.943 -.%0 -.946 -.923
7*5 -1.031 -1.012 -1.018 -1.093 -.956 -1.032 -.974 -.966
10.1 -.Q48 -1.000 -● 997 -1.081 -.952 -.982 -1.002 -.939
18.0 -.495 -.768 -.8>6 -.915 -.887 -.895 -.789 -.830
20.3 -.420 -.694 -.~l -.833 -.830 -.826 -.714 -.774
29.’j -.330 -=477 -.535’ -.6cYj -.681 -.707 -.683 -.712
36.0 -.284 -.357 -.387 -.444 -.566 -.601 -.686 -.652
47.5 -.214 -.266 -.2$0 -.331’ -.474 -.509 -.660 -.589
55.0 -.171 -.187 -.255 -.215 -.356 -.369 -.586 ;:~g
68.8 -.151 -.150 -.164 -.129 -.225 -.260 -.568
80.0 -.047 -.080 -.086 -.062 -.058 -.152 -.257 -.305
98.0 ●119 .092 ● 05 .062 -.042 -.052 -.1C8 -● 143

x/c Lower surface

0.560 0.568 0.570 0.641 0.690 0.698 0.721 0.721
;:: .448 .456 .476 .575 .576 ;;;; ‘ .628 .638
7*5 .368 .377 .405 .448 .493 .499 .515

10.1 .282 .265 .300 ● 343 .396 .370 .442 .431
17.9 .185 ,177 .188 .225 .264 .305 .330 .321
24.5 .088 .096 .125 .164 .187 .185 .250 .226
38.0 .020 .028 .022 .o% ● 087 ●095 .111 .135
55.0 -.006 .011 -.007 .049 .055 .C42 .041 .051
74.1 -.075 -.100 -.106 -.080 -.061 -.102 -.104 -.125
90.0 .020 ,003 .006 -.012 .006 -.045 -.047 -.083
*.O .152 .lJ_9 ●105 .119 .038 .041 -,022 -.058

a 5.00 ;Wg 5.8° 6.50 7.~o 7.20 8.8° 9.2°
Cn 0.37 0.46 0.52 0.57 0.60 0.68 0.67

0.0214 0:0198 0.0173 0.0163 -0.0054 -0.0118 -0.0400 -0.0368
Cmc/4
M 0.77 0.77 0.77 0.77 0.78 0.78 0.78 0.78

CONFIDENTIAL ‘
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TABLE V

PRESSURECOEFFICIENI$AT MIDSEMISPANSTATION

[ 1X-3airplane;M = 0.94

I

x/c Upper surface

-1.042
-.901
-.824
-.753
J;

-.474
-.533
-.600
-.563
-.585
-.6@
.032

-1.383
-1.262
-1.179
-1.172
-.975
-1.010
-1.C80
-1.(%4
-.705
-.595
-.554
-.528
-.379

-1.263
-1.132
-1.058
-1.009
-.833
-1870
-.929
-.895
+a&

-.716
-.301
-.1.15

I

-1.349
-1.192
-1.153
-1.132
-.937
-.977
-.997
-.999
~::g

-.502
-.431
-.262

-1.096 -1.138
-.941 -.9$)0
-.877 -.925
-.827 -.875
-.716 -.743
-.687 -.722
-.626 -.772
-.57$ -.618
-.635 -.664
-.605 -.638
-.659 -.646
-.624 -.665
.024 -.001

LOwer surface

2.5
5.0
7.5
10.1
18.0
20.3
29.5
36.0
47.5
55.0
68.8
80.0
98.0

-0.919
-.793
-.677
-.604
-.170
-.202
-.390
-.493
-.534
-.492
-.490
-.552
.090

-::6J

-.738
-.659
-.354
-.284
-.397
-.500
-.577
-.519
-.564
-.585
.047

-0.998
-.865
-.769
-.703
-.602
-.439
~::;

-.575
+&

-.628
.047

-1.249
-1.084
-1.024
-.975
-.846
-.835
-.$01
-.790
-.745
-.700
-.716
-.381
-.C69.

x/c I
;:5
7.5
10.1
17.9
24.5
38.o
55.0
74.1
9Q.O
98.0

0.461
.334
.286
.201
.1C6

-.025
-.164
-.092
-.324
-.402
-.177

0.594 0.608
.451 .492
.384 .411
.289 .329
.182 .209
.068 .@l
-.060 -.0C8
-.040 -.021
-.333 -.320
-.370 -.350
-.250 -.244

4.9° 5.3°
0.56 0.62

-0.0230-0.0336

0.94 0.94

0.640
.510
.k22
.338
.230
.136
-.002
-.008
-.311
-.348
-.288

6.2°
0.66

-o.o115

0.93

0.673
.537
.470
.358
.257
.136
.,031
.005
-.297
-.335
-.295

0.680
.649
.508
.360
.284
.196
.048
-.025
-.284
-.357
-.390

0.520
.382
.293
.227
..119
.023
-.124
-.058
-.338
-.395
-.203

3.6°
0.40

-0.0170

0.94

0.538
.400
.332
.227
.165
.057

-.1.1o
-.038
-.337
-.394
-.222

4.00
0.45

.0.0205

0.94

0.575
.445
.398
.309
.176
.048
-.086
-.033
-.292
-.343
-.217

0.722
.585
.509
.381
.326
.190
.075
.008
~:g;

-.392

a 3.40

Cn 0.33
6.3°
0.69

-0.0109

7.3°
0.80

-0.0291

4.4’J
0.51

-0.0288

0.94

8.4°
0.80

-o.036a

0.92

-0.0045

0.94 0.93 0.92
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PRESSURE COEFFICIENTSAT MIDSEMISPANS!LYWION

[X-3 airplane; M = 1.10]

x/c

;::
7.5

10.1
18.0
20.3
29.5
36.0
47.5
55.0
68.8
80.0
98.0

Upper surface

-0.425
-.249
-.051
.012
.109

-●120
.053

-*226
-.255
-.250
-.260
-.538
-.532

——

-0.472
-.340
-.270
-.254
-.003
-.148
-.004
-.260
-.290
-.268
-.329
-.376
-.306

-0.526
-.376
- ● 340
-.294
-.207
-.186
-.146
-.290
-.313
-.315
-.365
-.401
-.299

-.

-0.682
-.549
y_l-

- ●399
-.462
-.390
-.395
-.416
-.404
-.457
-.484
-.309

-0.619
-.469
-.437
-.387
-.315
-.290
-.314
-.328
-.342
-.358
-.404
-.438
-.278

-0.168
.198
.155
.136
.141

-.lm
.052

- ● 212
-.202
-.214
-.246
-.309
-.336

0.258
.236
.197
.165
.142

-.094
.097

-.213
-.182
-.197
-.241
-.295
-.347

x/c Lower surface

I
0.425
.275
.189
.151
.125
.048

-.157
- ● 117
-.243
-.312
-.512

0.474
.324
.238
.166
.164
.067

-.125
-.064
-.214
-.298
-.292

0.516
.380
.312
.238
.198
.114

- .0%
-.006
-.182
-.283
-.288

O::;:

.393

.274

.241

.143
-.057

.009
-.135
-al
-.273

0.629
;jo:

.316

.272

.165
-.013

● 063
-.146
-.261
-.266

0.669
.541
.467
.379
.294
.204
.021
.150

-.120
-.229
-.240

0.718
.588
.520
.405
.347
.227

;::

7*5
10.1
17.9
24.5
38.0
55.0
74.1
90.0
98.o

. m6

.181
-.11o
-.218
-.240

4.60

0.46
5.70
0.55

-0.0598

1.5°
0.05

-0.0128

1.09

1.8°
0.10

-0.0147

1.10

3.3°
0.28

-0.0234

1.11

3.6°
0.35

-0.0333

1.11

2.6°
0.19

-0.0182

1.10

a
Cn

cmc/4

M

-0.0464

1.11
I

1.11

co”’’””’--!



14

x/c

;::
7.5

10.1
18.0
20.3
29.3
36.0
47.5
55.0
68.8
80.0
98.0

x/c

;::

7.5
10.1
17.9
24.5
38.0
55.0
74.1
90.0
98.0

a

Cn

%/4

M

CONFIDENTIAL

TABLE VI.- Concluded

PRESSURE COEFFICIENTSAT MIDSEMISPAN STATION

[X-3 airplane; M = 1.10]

NACA RM ~>AIO

-0.781
;:;:~

-.597
-.496
-.525
-.518
-.546
-.477
-.460
-.497
-.527
-.315

0.749
.618
.552
.443
.387
.277
.160
.2Q5

-.100
-.211
-.222

6.8°
0.64

-0.0746

1.12

-0.826
-.650
-.651
-.638
-.522
-.580
-.557
-.616
-.606
-.4.92
-.529
-.562
-.278

0.817
.680
.621
.482
.447
● 335
.239
.207

-.o~
-.170
-.172

7.4°
0.73

-0.0886

1.12

Upper surface

-1.010
: J&

-.805
-.704
-.768
-.727
-.775
-.844
-.770
-.742
-.729
-.340

-1.049
-.916
-.899
-.890
-.776
-.834
-.781
-.862
-.896
-.832
-.843
-.773.
-.411

.—

Lower surface

I

0.939
.825
;%

.557

.473
● 355
.278

-.oi4
-.117
- ● 109

o*9f59
.880
● 777
.649
.589
.502
.399
.311
.024

-.064
-.072

10.6°
1.02

-0.1453

11.8°
1.13

-0.1741

1.11
I

1*U.

-1.104
-1.027
-.972
-.947
::;g

-.824
-.881
+6;

-.656
-.643
-.526

0 ● 973
.889
.826
.697
.629
.550
.430
.332
.049

-.025
-.058

13.1°
1.15

-0.1632

1.10

1.122
1.024
-.990
-.972
-.900
-.913
-.852
-.9c6
-.967
-.890
-.658
-.671
-*539

0.977
.882
.788
.690
.617
.537
.413
.340
.031

-.048
-.060

13.40
1.15

-0.1645

1.10

CONFIDENTIAL
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NACA RM H>>AIO CONFIDENTIAL

t- ‘O’O1

Ei!ii!‘1\h\\\

—

L. Eoflap

$!!!!!J(-Ori’ce‘“w\

Fuseloge

~\ \ \
\ \

01 \ \g), \ \
II

\
\

\

II \
\

\
\
\

\
\

\ \
\

tf
._-’”. ““}3~irp,~~e

\

I

F -i12.50— center line

127.0

430°

Figure 3.- Drawing of the
the pressure-measuring
otherwise stated.

~flc = 4.5 percent

X-3 left wing including spanwise location of
orifice row. All dimensions in inches unless

CONFIDENTIAL
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P

P

-1.2‘

-.

-4 Y

o

q

.8

1.2

(a) Cn= 0.57; a= 8.2°.

-1.2
P~~----

-.

-4

0

.8

l.% 20 40 .60 .80

x/c.

(b) Cn= 0.58; a= 8.3°.

FQyre k.- Effects of angle of attack
bution of the midsemispan station.

(c) cn=o.66; a= 9.3°.

Xk

(d) Cn =0.68; CL=10.30.

on the chordwisepressure distri-
M= 0.61 t 0.06. X-3 airplane.

o
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P

-1.2

-.8

-4

0

4 -

1.2

(e) cn =0.66; a= 12.70.

-1.2“

8--.

Po
A

4

.8

‘“% .20 .40 .60 .80 00

Xp

(f) Cn= 0.61; ~= 13.6°.

(d Cn=o.61; a= 14.2°.

0 .20 40 60 .80 U

Y/C

(h) Cn= 0.62; u=15.~.

o

Figure 4.- Continued.
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P

-1.2

-. 8

0

.8

1.2

(i) Cn = 0.61; a = 17.00.

-1.2T

-,0

Po

.8

1.2~
.20 .40 .60 .80 K)O

x/t

(J) Cn = 0.62; u = 18.20.

(k) Cn = 0.63; a = 18.7’O.

x/c

(z) cn = 0.65; a = 19.4°.

)0

FiWe 4.- Concluded.
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F!

(a) Cn = 0.37; u = 5.0°.

-1.2

-.

P~~—-.—-
-4

P 0

e

1.2
0 .20 .40 .60 .80 no

Xk

(b) cn = 0044; u = 5.3°.

xPcr.—-- -. --l

(c) c~ = 0.46; a = 5.80.

0 a .40 .60 .m m

x/c

(d) cn=o.52; a=6.3°.

Figure 5.- Effects of angle of attack on the chordwise pressure distri-
bution of the midsemispan station. M = o.78~ o.01. X-3 airplane.
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P

-1.:

-. [

-!

P(

!

.

1.

.%..

(e) cn =0.57; a=7.1°.

Pcr-----

) .20 .40 .60 .m

x/c

(f) cn =0.60; a= ’i’.2°.

Figure

m

5*-

(g) Crl= 0.68; CL= 8.80.

(

Pcr—----

0 .20

(h) Cn

Concluded.

.40 .6) m LOO

x/c

= 0.67; a= 9.2°.
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P

-12

--- 8

-4

——._
o“

.8

1.2

(a) Cn= 0.33; u= 3.4°.

-1.2

P~~-.-—.

Q

4

.8

1.J .20 40 .60 .80 100

x/c

(b) cn =0.40; a=3.6°.

Pcr----

(c) Cn= 0.45; a=4.0°.

-M- .

0 20 40 .60 .80 IDO

(d)

Figure 6.- Effects of angle of attack on the

x/c

Cn = 0.51; a = 4.4°.

chordwise pressure distri-
bution of the midsemispan station at a Mach number of 0.94 + 0.02.
X-3 airplane.

.
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-1.6

-1.2

-.

-4

P Pcr-—-- .
0 —

.8

1.2

(e) cn =0.56; a=4.9°.

-1.6

-.

P P~r
----

0

.8

1.20 .20 .40 .60 .80 DO

x/c

(f) Cn=o.62; a= 5.3°.

Pcr---- -

(g) Cn= 0.66; CL= 6.20.

Pc~
----

0 .20 40 .60 .80 00

x/c

(h) cn= o.@; a= G.3°.

Figure 6.- Continued.
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-1.6

-.8
\

-4

P -% .

0

.8

l.% Z() .40 .60

x/c

_p~r---

(3 .

x/c

(i) cn =0.80; a= 7.30. (j) Cn=o.80; CL=8. h0.

Figure 6.- Concluded.
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-.

-f?

P o

4

(a) cn = o.o~; a= 1.50.

P

(b)

-.

0-

SJ

Cn”= O. IO; a = 1.8°.

III=m
---

4

w

(c) Cn = 0.19; ~ = 2.6°.

Pcr

(d) Cn=o*28j a=3.3°.

‘cr----

(e) cn=o*35j a= 3=60=

‘cr----

(f) Cn=o.kb; a=4=6°=

Figure 7.- Effects of angle of attack on the chordwise pressure distri-
bution of the midsemispan station at a Mach number of 1.10 t 0.02.
X-3 airplane.
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-1.2 .--+ac

-.

Pc p
cr---- .

.

1.2

Pcr----

(d f%l=o.55; U=507Q.

P o
F’cr

4

I .&

o .20 .40 .80 ,80 00

X/C

(h) cn=o.6k; a=6.8°.

Figure 7.-

(i) Cn =0.73; a= 7040.

r.--—

2 -

1 1

w

(j) cn=l.02; u=1o.6O.

Continued.
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-1.

-1.2_____
h ‘vat

-.8‘ \

-.4

P 0 P~~..—-.

$1—

1.
.20 .40 .0 .~ ID

w

(k) cn = 1.13j a = 11.8°.

\

P~~----

0 .20 .40 .~ .80 IDO

w

(2) c~=l.15; a=13.1°.

-1.6

-.

P c
—-—--

4—

I.2
0 .20 .40 .W .~ 100

x/c

(m) Cn=l.l>; u=13.4°.

Figure 7.- Concluded.
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P

-1*

●

-,,

I

d
.

j

L .- .- -- -- . .
.Zu .4U ●bU .Uu 1s

x/c

Figure 8.- Effect of
station at

)0

Mach nuniberon pressure distributionat midsemispan
an angle of attack of approximately8°.
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-1. 0 IJpper surface
I

o Lower surfoce
and flagged symbols-.
denote wind-tunnel data

Po

.8

1,2

(a) Flight, M= 0.94; Wind tunnel, (c) Flight, M = 0.?’8; and tyelj
0.92. Flight, U= 3.4°; 0.80. Flight, a_= 9.2 ;M= M=

wind tunnel, u = 3.0°= wind tunnel, a = 9.0°.

-1.6r

-1.2

-.8

‘~
-.<

P o
4

1.2
0 .20 .40 .60 .80 100

x/c

r

o .20 .40 .60 .80 @

x/c

(b) Flight, M = 0.95; wind tunnel, (d) Flight, M = o.%; wind -1)
M= 0.90. Flight, a = 6.2°; M.= 0.60. Flight, a = 12.70;

wind tunnel, u = 6.2°. wind tunnel, a = 12.0°.

Figure 9.- Comparison of wind tunnel and flight
tributions at the midsemispan station.

determinedpressure dis-
X-3 airplane.
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.8

CnY

E

c~A “ “

4

.*L
I
-1_

16 z

o C“

❑ c~A

I
M = 0.78

El

a, deg

I

4

a, deg

M= 0094

3

3

------%

a, deg

force coefficients
Figure 10.- Vsriation of airplane and wing

with angle of attack

a, deg

M=I.10

3

midsemispan section normal-—
at various Mach nunibers.
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Figure 11. -
tion

Variation of
normal-f orce

“m

MSO.61

M= 0.78

MzO.94

1

MzLIO

-J
I,0 12

section pitching-momentcoefficientwith sec-
coefficientat the midsemispan station.
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Figure 13. - Variation of leading-edgeflap sectionhinge-moment coeffi-
cient with angle of attack at various Mach nunibers.
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