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PRELlMINARY  FLIGHC-D- PRESSURE DISTFCBKPIONS 

OVER T€B WING OF THE DOlKfLAS X-3 RESEARCH 

AIRE'LANE AT SUBSONIC AND TRANSONIC 

MACK NUMBERS 

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

SUMMARY 

Preliminary  flight-measured chordwise pressure  distributions have 
been obtafned at a wing midsemispan s ta t ion of the  Douglas X-3 research 
airplane through an angle-of-attack  range at Mach  numbers of 0.61, 0.78, 
0.94, and 1.10. 

The results of the  investigation  indicate that the maximurn section 
normal-force coefficient  increased from about 0.7 a t   t h e  lower Mach num- 
be r s   t o  about 1.2 at a Mach number of 1.10. The pressure  distributions 
at Mach numbers of about O . a ,  0.78, and 0.94 shawed good agreement with - 
wind-tunnel results. A t  Mach numbers of  0.94 and 1.10 leading-edge f lap  
normal-force  and hinge-moment  coefficients  increased  with  increase  in 
angle of attack througholrt the  angle-of-attack range tested and resulted 
in high normal-force and hinge-moment coefficients  at  the  higher angles 
of attack. 

INTRODUCTION 

The Douglas X-3 research  airplane has completed the manufacturer's 
demonstration flights and U. S. Air Force  evaluatfon  flights at Edwards 
A i r  Force Base, Calif. NACA instrumentation was used during  these 
f l i gh t s   t o   ob ta in  limited measurements of the  pressure  distribution mer 
a midsemispan s ta t ion of the left wing p r i o r   t o  the  f l i gh t  test program 
t o  be  conducted  by the RACA High-speed Flight  Station. 

Data were obtained  during  pull-ups at Mach  nuniber<of approximately 
0.61, 0.78, 0.94, and 1.10 a t  alt i tudes between 21,OOO t o  28,000 fee t .  
The data were selected f r m t h e  available maneuvers t o  cover as large a 
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range of angle of attack as possible and i n  each case maximum airplane 
normal-force coefficient was approached. This  paper  presents an analysis 
of the  pressure  distributions and section  characteristics  obtained during ., 
these  preliminary flights. 

SYMBOLS 

b/2 

cNA 

C 

C f  

‘h 

%/4 

cn 

cnp 

M 

n 

P 

'vat 

loca l  wing section chord para l le l  to plane of symmetry, ft 

l ocs l  leading-edge f l ap  chord para l le l  t o  plane of symmetry, 
f% 

leading-edge flap  section hinge-m-nt coefficient, 

section 

chord 

sect  ion 

pitching-moment coefficient about 0.25 local  section 

normal-f orce  coefficient, 

leadingedge  flap  section normal-force coefficient, 

free-stream Mach  number 

airplane normal load factor, g units 

pressure  coefficient, 
P - Po 

Q 

pressure  coefficient when local  pressure I s  a vacum, - -1 

0. ”2 

c 
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P loca l   s t a t i c  pressure, lb/f't2 

PO free-stream static  pressure,  lb/ft2 

Q free-stream dynamic pressure, lb/f t2  

S w i n g  area, including area projected through fuselage, sq ft 

t / c   a i r fo i l   th ic lmess  ratio, percent  chord . 
W airplane wei&t, lb 

X chordnise  distance from leading edge of l oca l  sectfon chord, 
Ft 

a airplane angle of attack, deg 

Subscripts : 

L lower surface 

u upper surface 

cr c r i t i ca l ,  the value f o r  M c h  the local f l o w  first becomes 
sonic 

The Douglas X-3 research  airplane used Fn these  tes ts  and i t s  general 
over-all dimensions are shown in the photograph and three-vlew drawbg 
presented as figures I and 2, respectively. The dhznsions and details 
of the wing are shown i n  figure 3. Physfcal. characteristics of the a*- 
plane are given i n   t a b l e  I and a i r f o i l  ordinates f o r  the midsemispan 
stat ion are given i n  table  11. 

The wing has an aspect  ratio of 3.09, taper   ra t io  of 0.39, a 4.5 per- 
cent  thick modified hexagonal section and is mounted with zero bcidence 
and dihedral. A line through the 75-percent loca l  chorda is perpendicular 
t o   t h e  plane of symmetry. The modification t o   t h e   a i d o i l   s e c t i o n  con- 
s i s ted  of an 188-hch radius at 30 and 70 percent chord and leading- and . trailing-edge radii as shown in table  II. 
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INSTRUMENTATION AND DATA REDUCTION 

NACA RM ~ 5 5 ~ 0  

Standard NACA instrumentation was used t o  measure the wing surface 
pressures, normal acceleration,  control  surface  position, and angles of 
at tack and sideslip.  Indicated  free-stream static and total   pressures 
were measured  on the. nose boom from which Mach  number and free-stream 
stat ic   pressure were obtained by the radar tracking method  of reference 1. 

The measured wing surface  pressures were reduced t o  pressure  coeffl- 
cients and plot ted  to   obtain chordwise pressure  distributions which  were 
mechanically  integrated t o  obtain  section normal-force coefficients and 
section pitching-moment coefficients. The section  pressure  distributions 
were also  integrated  over the  leading-edge f l ap  chord t o  obtain normal- 
force  coefficients and hinge-moment coefficients of the leading-edge f l ap  
sections. 

The data presented were obtained from maneuvers made in   the  c lean 
configuration  through a k  angle-of-attack  range a t  subsonic,  transonic, 
and supersonic Mach numbers at a l t i tudes between 21,000 and 28,000 fee t .  
The Reynolds numbers for  these tests based on  wing  mean aerodynamic chord, 
varied between 16 X 106 and 27 x 106. 

ACCURACY 

The accuracy of the test resul ts  is estimated t o  be within  the  fol- 
lowing limits: 

The angle-of-attack system was ,calibrated  only under s t a t f c  ground 
conditions, hence the angle-of-attack data are subject to errors  due t o  
vane floating, boom and l s e l a g e  bending, and upwash. Pitching  velocities 
were l o w  f o r  the points  selected and the angles of attack have been cor- 
rected  for   the  effect ive change i n  airstream direction. . 
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RF,,SUI.ZS AND DIS(=USSION 

Pressure  Distributions 
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Section  pressure  distributions  obtafned Over the wlng midsemispan 
s ta t ion through an  angle-of-attack  range a t  approximately  constant Mach 
numbers of 0.61, 0.78, 0.94, and 1.10 are  presented i n  figures 4 t o  7. 
These data are also shown i n  tabular form in   t ab les  111 t o  VI. 

Effect of -e of attack. - A t  a Mach  nlIILiber of 0.61 the  pressures 
as shown in   f igure  4 were subcri t ical  and resulted i n  a triangular chord- 
wise loading at angles of attack from @ t o  about no. A t  angles of 
attack of about l 3 O  and =eater  extensive  separation  occurred over the  
upper surf ace. 

A t  a Mach  number of 0.78 (fig. 5 )  the pressures over t h e  leading 
edge were supercrit ical  with a  shock located about 15-percent chord a t  
an angle of attack of 50. As the  angle of attack increased the shock 
location became obscure  probably as a result of separation.  Essentially 
triangular chordwise loadings were obtained  throughout the asgle-of-attack 
range investigated  at a Mach number of 0.78. 

The pressure  distributions at a Mach nmiber 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  *percent 
chord at an angle of attack of 3 .bo and moved forward t o  about k5-percent 
chord as the  angle of attack was increased t o  8.4O. 

The pressure  distributions at a Mach nuniber of about 1.10 (fig. 7) 
start near  zero lift and Fndicate the progression of the high negative 
pressures over the  leading edge. The expansion at the  leading edge bui l t  
up rapidly a& moved rearward u n t i l  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 t o  about 
60-percent  chord as  the angle of attack  increased from about bo t o  13'. 

Effect of Mach number.- In figure 8 a comgarison is  shown of the 
pressure  distributions obtained a t  an angle of attack of approximately 
80 at the  four test Mach riders. A t  Mach  nrmibers of 0.67 and 0.78 
essentially triangular loading was obtained  over the qper surface with 
a uniform pressure  recovery t o  the t r a i l i ng  edge. A t  Mach  numbers of 
0.92 and 1.12 an expansion t o  a near vacuum s t a t e  occurred around the 
leading edge. A t  a Mach  number of 0.92 the main wing shock was located 
about  45-percent chord with separation behind the shock. A t  a Mach num- 
ber of 1.12 a shock was located at about  90-percent  chord. 

Comparison with wind-tunnel resul ts  * -  A comparison of the flight 
determined pressure  distrfbutions with wind-tunnel results (ref .  2) i s  



presented i n  figure 9. The pressure  distributions showed  good agreement 
with  wind-tunnel results.  The differences that occurred a t  Mach numbers 
greater  than 0 . 9  (figs.  g(a) and g(b))  are in   t he  shock location and may 
be explained by small differences i n  Mach number. The difference  that 
occurred i n  the presrsure leve l  over the forward  30-percent  chord at a 
Mach  number of 0.58 may be a t t r ibu ted   to   the   d i f fe rence   in  angle of attack. 
A t  t h i s  Mach  number and angle of attack  the  flow over the upper surface i s  
becoming completely  separated and the  difference in  angle of attack could 
be responsible for the differences shown here  (figs. 4(d)  and 4(e)).  

Section Aerodynamic Characteristics 

The variation of airplane and section normal-force coefficient  xith 
angle of a t tack i s  shown in   f igure 10. A t  a Mach  number of 0.61the mid- 
semispan s ta t ion  s ta l led at an  angle of attack of about 11'; however, 
airplane normal-force coefficient  continued t o  increase. The reduction 
in  airplane normal-force-curve slope at an  angle of attack of about 12O 
i s  probably  associated  with wing stall. The maximum normal-force  coef- 
f ic ien t  of the midsemispan station  increased from about 0.7 at the low 
Mach numbers t o  about 1.2 at a Mach  number of 1.10. 

The variation of section pitching-moment coefficient with normal- 
force  coefficient i s  shown i n  figure 11. A t  Mach numbers  of 0.61, 0.78, 
and 1.10 a stable variation of pitching mment occurred with =.increase 
i n   s t a b i l i t y  at tke  higher  normal-force  coefficients. A t  a Mach  number 
of 0.94 an  unstable  break  occurred at a normal-force coefficient of about 
0.60 and became stable again a t  a normal-force coefficient of about 0.70. 

The variation of leading-edge f l ap  normal-force coefficient and 
hinge-mament coefficient with angle of attack is show  in  f igures 12 
8nd 13, respectively. A t  Mach numbers of 0.61 and 0.78 l i t t l e  variation 
of leading-edge f l ap  loads occurred primarily because of the  angle-of- 
attack range  covered. A t  Mach numbers of 0 . 9  and 1.10 leading-edge f lap  
normal-force and hinge-moment coefficients  increased with increase  in 
angle of at tack throughout the  angle-of-attack  range tested and resulted 
i n  high  nomal-force and hinge-moment coefficients at the  higher  angles 
of attack. 

CONCLUSIONS 

Results of preliminary  pressure-distribution measurements over a 
wing midsemispan s ta t ion of the  Douglas X-3 research  airplane  indicate 
tha t  : 
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m . 1. The maxirmrm section normal-force coefficient  increased from about 
0.7 at the low Mach numbers t o  about 1.2 at a Mach  nuniber of 1.10. - 

2. The pressure  distributions at Mach m e r 6  of about 0.61, 0.78, 
and 0.94 showed good agreement with wind"tunne1 results. 

3. A t  Mach  numbers  of 0.9 and 1.10 leading-edge f lap normal-force 
and hinge-moment coefficients  increased with increase i n  angle of attack 
throughout the angle-of-attack  range  tested and resulted i n  high normal- 
force and hinge-mament coefficients at the higher  angles of attack. 

High-Speed Flight  Station, 
National Advisory Committee fo r  Aeronautics, 

Edwards, Calif.,  January 5 ,  1955. 

1. Zalovcik, John A.: A Radar Method of Calibrating Airspeed Instal la t ions 
on Airplanes in Maneuvers at High Altitudes and a t  Transonic  and 
Supersonic Speeds. NACA Rep. 989, 190. (Supersedes NACA TN 1979. ) - 

- 2. C h a r y ,  Joseph W., and Mellenthin, Jack A.: Wind-Tunnel Tests of a 
0.16-Scale Model of the X-3 Afrplane at High Subsonic Speeds. Wing 
and Fuselage Pressure Distribution. NACA RM AWDO7, lg50. 
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TABIE I . 
* 

wing: 
Area. .. ft . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  
Tape r   r a t io  . . . . . . . . . . . . . . . . . .  
Airfoil eect ion . . . . . . . . . . . . . . . .  
A i r f o i l t h i c k n e s a  ...... percent chord . . . .  
Airfoil leading- and traillngedge m e a .  deg 
Mean aerodynamic chord. f% . . . . . . . . . .  
Root chord. ft . . . . . . . . . . . . . . . .  
Sweep at leading edge. deg . . . . . . . . . .  
Sweep at 0.75 chord line. aeg . . . . . . . . .  
Sweep at t r a i l i n g  edge. deg . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . .  
Geometric  twiet. deg . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  span. f% . . . . . . . . . . . . . . . . .  

Tip chord. ft . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  Modified . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

.. 5 
22.69 

0.39 
3-09 

4.5 
8.58 
7.84 
10.58 
4.11 

23.16 

hexagon 

. . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . .  -8.12 . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . , . . . .  0 

Horizontal tail: 
Area. a q f t  ..................... 
Aapect r a t i o  
Taper   ra t io  . . . . . . . . . . . . . . . . . . . . . .  
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . .  
A i r f o i l t b i c l m e s a   r a t i o  .. root  ...... percent  chord . 
A i r f o i l t h i c h e a s   r a t i o   o u t b o a r d  of s t a t i o n  26. percent 
Meas aerodynamic chord. ft . . . . . . . . . . . . . .  
Root chord. ft .................... 
Tip chord. Ft . . . . . . . . . . . . . . . . . . . . .  
Dihedra l . .  deg . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  &an. ft 

Sheep at t r a i l i n g  edge. deg . . . . . . . . . . . . . .  

. . . . . . . . . . . .  43.24 . . . . . . . . . . . .  13.n . . . . . . . . . . . .  4.38 . . . . . . . . . . . .  0.405 . . . . . . . .  Modified hexagon . . . . . . . . . . . .  8.01 
chord . . . . . . . . .  4.5 . . . . . . . . . . . .  3.34 . . . . . . . . . . . .  4.475 . . . . . . . . . . . .  1.814 . . . . . . . . . . . .  0 . . . . . . . . . . . .  0 

vertical tail: Area. s q f t  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
Aspect 
Span. ft . . . . . . . . . . . . . . . . . .  ..... r a t i o  . . . . . . . . . . . . . .  
Airfoil ................... 
Airfoil thiclmess  .mtlo.  percent  chord 

Rmt chord. ft . . . . . . . . . . . .  
Sweep .. leading edge. 8eg . . . . . .  
Mean aeroaynamic chord., ft . . . . . .  ... chord. ft . . . . . . . . . . . . .  

.................... 29-73 .................... 5.59 .................... 1.315 .................... 0.29 . . . . . . . . . . . . . . . .  H d i f i a d  hexagon . . . . . . . . . . . . . . . . . . . .  4.5 . . .................. 4.69 .................... 6.508 .................... 1.93 . . .................. 45.m 

Fuselage: 
Length. including Mall. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  66.75 ...... f% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.08 
~aximum height. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.81 

Parer plant: 
Engines . . . . . . . . . . . . . . . . . . . . . . . . .  Two J34-WE-17 xith af terburner  

Static sea-level military thrust. Ib . . . . . . . . . . . . . . . . . . .  3. 370 
Static aea-level maxLmm thrust . lb .................... 4. 850 

Rating.  each  engine: 

Weight : 
Basic  (without fuel. .... water. p i l o t ) .  lb . . . . . . . . . . . . . . . . . .  l6. 120 
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22. 100 
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A 5 ’  I 

0 20 40 60 80 100 

Station, percent chord 

DIMENSIONS OF LE. AND T.E. 
(~ame at stations) 

[Stations and ordinate8 given in percent of local chord 1 

I 12 10 ll 13 14 

0.003 
.&2 
1.536 
1.848 
2.072 
2.206 
2.250 
2.250 
2.208 
2.082 
1.872 
1-579 
.042 
.m3 

-0.003 
-.a2 
-195% 
-1.848 
-2.072 
-2.206 
-2.250 
-2.250 
-2.208 
-2.082 
-1.872 
-1 579 -.a2 - .003 



TbBU III 

r X I C  - 
2.5 
s.0 
7.5 

10.1 
18.0 
20.3 
29.5 
36.0 
47.5 
55.0 

80.0 
69.8 

98.0 

ripper- 
1 

- 
-0.432 
-.5u 
-572 -.so2 
-529 
-.5@ - .E1 
4 2  
-.603 
-.97 
-.Q 
- . 6 ~  -.&a - 

-0.429 
-.443 
-a456 
-.m - .469 -.w - -510 - .553 - .581 
-3% 
-.535 - .613 - .613 

-0.409 
-.386 

- ,423 - .487 
-.4# 
-.526 

"674 
-535 
-.630 
".533 - .558 
-.612 

-.kg1 

- 

-0.876 -0.814 

-.%E -.a93 
-.a51 -.a32 

-.a10 -.&a -.e30 -.e32 
-.a76 -.8p -.m -.p5 
-594 "566 - ,518 - .49 
-399 -.* -.E29 -.uJ -.Id -.1* 
-.a52 -.081 

-0.440 -0.369 
-.4$ 4 8 3  

-.492 -.401 
-.5$ w . 4 8 2  

-.593 "1 
-.599 -524 -.ga -.5u 
-.575 -5% 
-.5% -.w 
-3% -.%9 
9499 -.5l0 

-.kt% -.451 

"352  -.518 

-0.463 
-.496 -.* - .a7 
-555 
-495 -.&X 
"972 -2573 
- ,645 
"559 

- .593 
-.632 

-0.442 - .4% 
-.434 

-.m 
-.49 

-544 
-.938 

- ,534 - .576 
-.540 -.Ea - .614 - A51 

0.776 
,742 

.455 

.337 

.234 -.w - - 155 
-.230 
-A32 

$2 

19.4' 
0.65 
-0.a857 

0.55 

-.69 
-.PO 

".& -.)la -.395  -.*9 

- .49 -.1B 
-.mi! -.& 
I 

0.79 .@a .580 
.3w .393 

.298 
-.&1 
.106 

-.Om 

- .39  
- .lgl 

,145 

-.& 
-.ss9 I -.547 

13.6' 
0.61 -0.0750 
0.57 

0.6 0.68 
-0.m -o.o$oo 
0.65 0.62 

9.3' .100.30 14.2' 
0.61 
-0.0899 

O.% 

18.20 18.70 
0.62 0.63 
-0.064 -0.0536 

0.56 0.55 

. . .  . . I 
. .  
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Upper surface 

-1-079 -0.915 -0.922 
-1.073 

-.g82 -.952 -1.081 
-1.032 -1.093 
-.so -.943 

-A33 -.830 -.826 
-.605 -.681 

d o 1  - 3 6 6  -.444 -.yo7 

-.x9 -.225 -.260 
-.e2 -.058 "152 

.062 4 4 2  -.e2 

"915 "895 "887 

"331 
"369 "356 --a5 . 
-.5Og -.474 

Lower &ace 

-1.161 
-1.0% 
-1 031 - .w 
-.4% - .420 
-=330 - -284 
-.u4 
-.1p -. J51 - -047 

all9 

0.560 .448 
.368 
.282 
3 5  
.OW 
. E O  -.006 

-.om 
.020 
.152 

5 .Oo 

0.0214 

0.77 

0-37 

-1. m4 
-1. w 
-1.012 
-1.000 
-.768 - - 6 9  - .477 - 9 357 - ,266 - 187 - .150 -. 080 

-092 

-0,918 
- 0 9 4 6  - 9 974 

-0789 
- .n4  - ,683 - .686 
-.660 - .586 
- 0 %  

"257 
-.lo8 

-1.002 

-1.070 
-1. ogr 
-1,018 
-9997 
"856 
-.'151 - 535 
-9387 
-.29 - 235 - -164 -.os6 

055 

-0. go2 

-0939 

- .652 

- .5c% 

0 368  
.456 
377 

.265 

0 ,570 
-4% 
-405 
300 .l88 

= 1 2 5  .022 
-.007 
-.lo6 

.006 

.lo5 

0,698 
.582 
455 
370 
305 

. a 5  - 035 

.042 - .lo2 
- .a5  
.041 

0.7U 
.628 
9 499 
.442 
-330 
.BO .Ill 
-041 
-.lo4 - -047 
-.022 

0.641 
575 .448 

0 343 
-225 
.la 
095 

,049 
-.080 
-.OX? 
==9 

6.30 
0.52 
0 - 0163 

0.77 

1-77 
-0% . 028 . o n  
-.loo 

-003 
-11-9 

5.3O 
0.44 
0.0198 

5.8O 
0.4-6 
0.0173 

7.2O 
0.60 
-0.Oll8 

8.8O 
0.68 

-0 0400 

9.2O 
0.67 
-0.0368 
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TABLE V 

[X-3 airplane; M = 0.941 

Upper surface 

-0.998 

-. 769 
- -865 

-- 703 - .602 
-.439 - A17 -.a 
-.575 
"530 
"582 
"628 

.047 

-1.263 

-1.058 
-1.132 

-1. mg 
"833 
-1870 -. 9 9  
" 8 9  
-.-@I 
-.726 
"77.6 
-.Wl 
-.xi5 

-1.349 -1.383 
-1.192 -1.262 
-1.155 

-1.172 -1.132 
-1.179 

-.m -.937 

- . 97  -1.oSo 
-.m -1.010 

-.ggg -1.064 
"972 "705 
"815 "595 
-.502 -.554 
-a431 "528 
-.a52 -.379 

5 -0 
2.5 

10.1 
7.5 

10.0 
20.3 
29.5 
36.0 
47.5 
55.0 &.a 
80.0 
9.0 

x/c Lover aurPaca 

0.538 
.400 
-332 
-227 
.165 
a 0 5 7  -.no 

-.OS 
-337 - .394 - .222 

0.575 
.445 
.398 
.jog 
.I% 
.040 -.a -. 033 - .292 - .343 

- . a 7  

0-59 
.451 
384 

.289 
A82 
.068 - .060 
-.a0 -. 333 

-.a0 -.370 

0.609 
.492 
.4ll  - 329 
.209 . OB1 -.os - .021 - .320 

-.2u 
-.3w 

0.640 
.510 
.422 
.338 
.80 
.136 
-.m -. 008 
- .3u  - .w -.280 

0.673 
.537 

.3% 

.470 

.257 

.136 

.031 

- . a 7  -. 335 - . 2 9  

:w 

0.600 
-649 
.508 
.360 .284 
.OM .1* 

-.w -.a84 
-.357 
- . 39  

0.461 0.520 

.286 .293 

.334 .3a2 

.2m .227 

.lo6 .llg 

0.722 
.585 
.509 
.301 
.326 

.m .075 
- . x7  
-.338 
- . 39  

- .oe .023 
-.164 -.I24 
-.ow -.m 
-.324 -.330 
-.402 - .39 
-.lT -203 

- 

3.40 3.6' 

-0.ock5 -0.0170 

0.g4 0.9 

0.33 0.40 
4.40 
0.51 
-0.0288 

0.94 

4.9O 
0.56 I 5.3O 0.62 

6.2O I 6.3O I 7.3' 
0.66 0.69 0.80 

8.4' 

-0.0368 

0.92 

0.80 
a: 
cn 

%/4 
M - 



NACA RM H55AlO 

[X-3 airplane; PI = 1.101 

2.5 0.258 -0.- -0.423 
5 *o 236 -19 - .249 
7.5 197 155 - .051 

10.1 .165 .136 . O l 2  
18.0 -142 ,141 log 
20.3 - .Og4 - -105 -.l20 
29.5 097 -052 -053 
36.0 -.a3 -.m -. 226 
47.5 - .182 - .202 "253 
55-0 - .197 - .u4 -.a0 
68.8 - -24.1 -.246 - .260 
80.0 -.2gj -= 309 "338 
98.0 "347 "3% "332 

I I I 

-0.472 
-.340 - .270 
-.234 -. 003 
-.148 
-.w4 - .260 
-.SO -.268 - 329 - -376 
"306 

-0.526 - 0376 
- 0 3 4 0  

-.294 
-.207 -.la6 - -146 
-.290 
-0313 
-0315 - .365 - .401 
-.299 

-0 619 
-.469 - -437 - -387 

- -290 - .314 
-.328 -. 342 
-0358 - .404 - -438 
-.278 

-0315 

-0.682 
- 9549 - 316 
-.49 - -399 
"462 
"390 
-0395 - .4l6 
-,404 - 

-.457 -.484 
-.3w 

I I t 

~~~ 

0.474 
.324 
.238 .I66 
.164 
.067 

- 0 1 2 5  -.a -. 214 - .298 
-.292 

0.516 
0380 
312 

.238 
lss 

.114 
- . O B  -.mi - .182 - -283 -.20!3 

I I I 

a 
cn 
%/4 

1 -0.0128 I -0.0147 I -0.0182 

3-3O 
0.28 

-0.0234 

l.U 

0.629 
.500 

.316 

.272 

.165 - .013 
6 3  - .146 

-261 
- e 2 6 6  

.424 

i 
1 0.669 

.541 
-467 

' -379 
1 =* .204 .02l 
I 250 
-.I20 - .229 - -240 

~~ 

3.6O 4.6' 
0.35 0.46 

-0.0333 -0.0464 

1.U 1.ll 
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TABm VI.- Concluded 

NACA RM W5A10 

I 
. ". 

Upper surface 

-0.826 
-.650 - .651 - .638 - .522 - 380 - -557 - .616 - a606 - .4.92 
-0529 - 562 - .2m 

-0.781 - .629 - .616 - -597 - .496 - a525 - 318 - .546 - -477 - .46O - .497 
-0527 
-9315 

-1.049 - 916 
-0899 - .8go - en6 - -834 
-.@1 - .862 - a 8 9 6  
-a832 - .843 
-*m - .4u 

-1.104 
-1.027 
-.972 
-9947 
"837 - -800 - .a24 -.Em 
-a965 - .888 
-.656 - .643 
-.526 

2-5 
5.0 
7.5 
10.1 
18.0 
20.3 
29-5 
36 .o 
47.5 
55.0 
68.8 
80.0 
98.0 

-1.010 
"857 - .836 - a805 
-.7& - .768 - 727 
- 9  775 - a844 
- .no - 742 - 729 - a340 

-1.122 
-1.024 

- . B O  - 972 
-.goo 
- 0  913 - .852 
-.go6 
"9667 
-.ago - 658 - .671 - -539 

Lower surface 

0.749 
.618 

0.817 .a0 0.969 
.880 
0777 
0649 
.589 
-502 
9 399 
311 
.024 -.& - .072 

0.977 
.882 
-788 
.6go 
.617 
.537 
A13 
.340 
.031 
"048 - .060 

0.939 
.825 
.721 
.625 
-557 
*473 

.6u 

.482 
9447 
335 
a239 
0207 - . o n  - .170 - .172 

10.1 
17.9 
24.5 
38.0 

387 - 277 
.160 
a205 
-.loo 
-.2u - .222 I - .117 - .log 
6.8O 
0.64 

-0.0746 

7.4' 
0.73 
-0.m6 

11.8' 
1.13 
-0.1741 

1.ll I 1.10 f 1.10 I 1.12  1.12 
J I I 1 
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Figure 1.- Photographs of Douglae X-3 research a i r p h e .  1;-87503 

. .. 



t 
Figure 2.- Three-view drawing of th X-3 airplane. All dimensions are 

in inches. 

. .  . .  
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Figure 3. - Drawing of the X-3 left wing including spanwLse  location of 
the  pressure-measuring  orifice row. All dimensions in  inches  unless 
otherwise stated. 
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P 

P 

- NACA m ~ 5 5 ~ 1 0  

(c) C, = 0.66; a = 9.3O. 

(a) cn = 0.68; CL = 10.3~. 

Figure 4.- Effects of angle of a t tack on the chordwise pressure d i s t r i -  
bution of the midsemispan station. M = 0.61 f 0.06. X-3 airplane. 



P 

(e) cn = 0.66; a = 12.70. (g) C, = 0.61; a = 14.2O. 



P 

(j) c, = 0.62; a = 18.20. (2 )  cn = 0.65; u = 19.4O. 

Figure 4.- Concluded. 



0 Loo 

Figure 5.- Effects of Eangle of attack on the  chordwise  pressure  distri- 
bution of the mldsemispan station. M = 0.78 2 0.01. X-3 airplane. 



22 - NACA RM H55AIO 

x/c 

(f) cn = 0.60; CL = 7.2O. 

(g) cn = 0.68; a = 8.8'. 

Figure 5.- Concluded. 



NACA RM ~ 5 5 ~ 1 0  - 23 

P 

P 

Figure 6.- Effects of angle of attack on the chordwlse pressure distri- 
bution of the midsemispas s ta t ion  at a Mach number of 0.94 f 0.02. 
X-3 airplane. 



24 _m_l_l_ NACA RM ~ 5 5 ~ 1 0  

P 

(g) cn = 0.66; a = 6.20. 

P 

x/c 

(f) cn = 0.62; a = 5.3O. (h) cn = 0.69; a = 6.30. 

Figure 6 . -  Continued. 



Figure 6 .  - Concluded. 



26 -c, NACA RM ~ 5 5 ~ 1 0  

P 

P 

( e )  cn = 0.35; OL = 3.6O. 

0 .20 .a .60 .a L o o  

w 

( c )  C, = 0.19; u = 2.6O. (f) C, = 0.46; OL = 4.6'. 

Figure 7.- EPfects of angle of attack on the  chordwise  pressure distri- 
bution of the midsemispan station at a Mach nuniber of 1.10 f 0.02. 
X-3 airplane. 



NACA m ~ 5 5 ~ 0  

c 

(i) c, = 0.73; a = 7-4O. 

Figure 7.- ContFnuea. 

. 



28 NACA RM ~ 5 5 ~ 1 0  

P 

wc 

(k) cn = 1.13; a = 11.8'. 

P 

x/c 

(m) Cn = 1.15; a = 13.4'. 

Figure 7.- Concluded, 

f 



NACA HM H55AlO 

- I .E 

-1.2 

-.a 

-.4 

P C 

.4 

A I * E  

Upper surface 

1 Lower surface 

x/c 

Figure 8. - Effect of Mach n d e r  on pressure distribution at midsemispan 
station at an angle of attack of approximately 8'. 
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Lower surface 

0 .20  .40 -60 .80 D O  
x/c 

(b) Flight, M = 0.93; wind tunnel, (d) Flight, M = 0.58; wind -1, 
M = 0 . g .  Flight, a = 6.2O; M. = 0.60. Flight, a = 12.70; 
wind tunnel, a = 6.2O. wind tunnel, a = 12.0~. 

Figure 9.- Comparison of wind tunnel and flight determined pressure ais- 
t r ibut ions a t  the midsemispan station. X-3 airplane. 



NACA RM H55AlO 1. 

a, d.eg 

Figure 10.- Variation of airplane and wing midsemispan section normal- 
force  coefficients w i t h  angle of attack at various %ch nu&~ers. 



Figure 11.- Variation of section  pitching-moment  coefficient with  sec- 
t i o n  normal-force  coefficient a t  the midsemispan station. 
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1 I 

C 
"f 

Mz0,61 M~0.78 MzO.94 M 4 1 0  

=, deg 
Figure 12.- V a r i a t i o n  of leading-edge flap eection norma2-force c o e t t l -  

clent wllth angle of attack a t  various Msch &era. 
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‘h 

Ms1.10 

M ~ 0 . 9 4  

M =: 0.78 

M ~ 0 ~ 6  I 

Figure 13.- Variation of leading-edge flap section hinge-moment coeffi- 
cient with angle of attack st vaxI.0~8 Msch numbers. 
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