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SUMMARY

Lift and drag data were obtained during the manufacturer and Air
Force demonstration flights of the Douglas X-3 airplane. The data
covered the Mach number range from 0.82 to 1.20 with considerable
variation in lift. The lift-curve slope increased from 0.085 deg-l

at a Mach number of 0.82 to 0.115 deg"l near a Mach number of 1.0

and then decreased to about 0.093% deg-l in the supersonic region. For

a lift coefficient of 0.20 the drag rise occurred at a Mach number of 0.92
and the value of drag coefficient at supersonic Mach numbers was about
twice the value below the drag rise. The drag-due-to-lift factor had
values between 0.20 and 0.23. The maximum lift-drag ratio varied from

7.2 at a Mach number of 0.82 to a constant value of 4.0 for Mach numbers
from 1.05 to 1.20. A comparison of the flight data with wind-tunnel

and rocket-model tests shows that the model tests satisfactorily predict
the performance of the airplane.

INTRODUCTION

The X-3 airplane is one of the series of research airplanes con-
structed for flight tests being conducted under a joint Air Force, Navy,
and National Advisory Committee for Aeronautics research program. It
was designed for supersonic speeds and has a thin straight wing of low
aspect ratio. The long pointed fuselage is large in comparison with
the size of the wing. This paper presents lift and drag data from
flights performed during the demonstration flights by Douglas Aircraft
Co. and the Air Force. The data cover the Mach number range from 0.82
to 1.20 and at certain Mach numbers the 1lift coefficients range from
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0 to 1. However, since the flights were made for structural demon-
stration purposes, the coverage of the speed and 1ift ranges is not
uniform and the bulk of the data lies in the supersonic region. A
comparison is made between the flight results and data from wind-
tunnel and rocket-model tests. The flights were conducted at Edwards
Air Force Base, Calif., in the period from June to December 1953.

SYMBOLS
A tall-pipe exit area, sq ft
8y measured longitudinal acceleration, g units
c drag coefficient, —
D ag coe nt, T
Cp thrust coefficient, Measured thrust
Calculated thrust
6 1ift coefficient .
L > gS
Cp lift-curve slope, deg™t
o}
. nw
C normal-force coefficient, -—=
N aS
. . Fn = Wax
C longitudinal-force coefficient, ——=
X ) qs
D drag along flight path, 1b
2 .
dCp /aCy, drag-due-to-1ift factor
Fj jet thrust, 1b
Fp net thrust, 1b
g acceleration due to gravity, ft/sec2

L 1ift normal to flight path, 1b
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M.A.C.

L s

Mach number

mean aerodynamic chord

engine speed, rpm

normal acceleration, g units
atmospheric pressure, lb/sq ft

static pressure at tail-pipe exit, lb/sq £t

total pressure at compressor face, lb/sq £t
total pressure at tail-pipe exit, 1b/sq ft

dynamic pressure, 1lb/sq ft
wing area, sq ft
atmospheric temperature, OR

inlet air total temperature, CR

airplane weight, 1b
engine air flow, 1lb/sec
angle of attack, deg

ratio of specific heats
altitude normalizing factor, 5116

temperature normalizing factor, SI8L

maximum lift-drag ratio
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ATRPLANE

The X-3 research airplane was built by the Douglas Aircraft Co.
and is a single-place straight-wing airplane, powered by two J34
turbojet engines equipped with afterburners. It has a long pointed
fuselage that has a large frontal area in comparison with the size of
the wing. The wing has an aspect ratio of 3.09, is unswept at the
T5 percent chord line, and is equipped with both leading- and trailing-
edge flaps. Its thickness is 4.5 percent of the chord length and the
section is hexagonal with sharp leading and trailing edges, but with
the four obtuse vertices rounded.

Photographs of the airplane are presented in figure 1 and a
three-view sketch showing primary dimensions is presented in figure 2.
Additional dimensions and specifications are given in table I.

INSTRUMENTATION

The X-3 airplane is equipped with standard NACA recording instru-
ments for measuring airspeed, pressure altitude, angle of attack,
accelerations, outside air temperature, the various pressures needed
for the thrust calculations, stabilizer position, and other items not s
pertinent to this paper. The engine speeds and tail-pipe eyelid
positions were recorded by means of a photopanel and 35-mm camera.
A timing system accurately synchronized all films.

Figure 3 is a sketch of the nose boom showing the location of the
total and static pressure orifices and the angle-of-attack and angle-
of-yaw vanes. The slanted pressure probes on the nose of the boom were
part of the Douglas Aircraft Co. instrumentation and were not used
for the data of this paper. The outside air temperature was measured
by a shielded resistance-type thermometer that projected downward from
the nose-~wheel door.

Tail-pipe total head was measured at the afterburner inlet and
consisted of 3 radial rakes having 5 probes each. All 15 probes on
each engine were then manifolded and connected to a single manometer
cell. At the compressor inlet there are 4 rakes with 4 probes each for
measuring total pressure and each probe was connected to a separate
manometer cell. To avoid the large amount of work that would be
involved in arithmetically averaging the values, the probe on each engine
that most nearly represented the average for that engine during a repre-
sentative flight was selected and used for all subsequent flights.




NACA RM HSLILT >

THRUST AND DRAG CALCULATIONS

The net thrust of the engines was considered to be the force
resulting from the change in momentum of the air and fuel actually
passing through the engines. The effect of boundary bleed air and
engine cooling air, which properly should be credited to the engines,
was credited to the airplane because of insufficient instrumentation.
It is hoped that this effect can be measured during subsequent tests.
The jet thrust which is the momentum force at the tail-pipe exit was
calculated by using the formula

| Py \2-1
| M 2y 6]
i Pé(v-l)(z) 5T

| " For subsonic tail-pipe velocities, which occurred during the low-speed
| maneuvers, the tail-pipe static pressure pg Wwas assumed equal to the

atmospheric pressure p, which reduced the formula to

2y (pt6)7;l

F: = CeAp — -1

e (7 - l) P

For sonic tail-pipe velocities the tail-pipe total pressure pt6

divided by the tail-pipe static pressure pg Wwas assumed equal to the
critical pressure ratio as defined by theoretical relationships:
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The formula for thrust then becomes

L AT

¥y~ Sat Pt6(7 1 1) e -

The equation can be further reduced by inserting a value for ¢y which
is assumed to be 1.33 for afterburner-off conditions and 1.25 for
afterburner-on conditions. However, the equation is very insensitive
to variations in 7y and a mean value can be used and cause an error
that is considerably less than 1 percent. Thus the formula becomes

Fj = CfA(l.25hpt6 -;g

The thrust coefficient Cgy normally is taken to be the ratio of true

thrust as measured by a thrust stand to the jet thrust as determined
by the tail-pipe pressure measurements. No adequate thrust stand
runs were made during the period of these tests, so a value of 1.00
was assumed. ’

The ram drag, which is the inlet momentum force, must be subtracted
from the jet thrust to obtain the net engine thrust. It is obtained
by multiplying the true airplane velocity and the mass flow of air
through the engines. The engine air flow is determined by considering
the engine to be a constant volume pump at any given normalized engine

speed. A plot of normalized air flow W\leq/ﬁc against normalized

engine speed N/Afgz was obtained from the manufacturer for a

standard J3L-WE-17 engine and used for all tests. The pressure
normalizing factor was based on the total pressure measured at the
compressor inlet and the temperature normalizing factor was based on
the outside air total temperature. The outside air static temperature
necessary for the determination of true airplane velocity was obtained
using the following relationship

Ty

T 2 ettt
1 + 0.198v°2
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The accelerometer method was used to determine the drag forces
and the following equations were used to calculate the lift and
drag coefficients:

Cy cos a - Cx sin a

CL

C

1l

D CX cos o + CN sin a

ACCURACY

The data of this paper are not as accurate as would be obtained
if special flights were made for the purpose of producing 1lift and
drag data. It was not practical to make elaborate flight calibrations
of the angle-of-attack measuring system nor to install an extra-
sensitive longitudinal accelerometer. However, since many of the
errors are random the amount of error is reduced by fairing a curve
through a large number of points, particularly when the data come from
several flights and runs as was the case for most of the curves.
Although greater accuracy would be desirable, the accuracy obtained
under the conditions of these tests is considered sufficiently satis-
factory to show the trends and the general order of magnitude of the
values and to indicate approximately the merit of the various prelimi-
nary model tests.

The airspeed installation was calibrated using the radar-
phototheodolite method described in reference 1, and on the basis of
this calibration the Mach numbers given in this paper are accurate
within 10.0l. The angle-of-attack system was calibrated only under
static ground conditions, hence would be subject to errors from vane
floating, boom and fuselage bending, and upwash. Generally, data
points where pitching velocity was appreciable were not used, and when
necessary to use such data corrections were made for the effective
change in airstream direction.

The measurement of the thrust involved several inaccuracies.
Tail-pipe total head was measured ahead of the afterburner flame
holder and fuel injector rings, and this procedure neglects the total
head losses of these obstructions. The effects of the cooling air
ejectors were also neglected. A small portion of the data was taken
from runs where only the right-hand engine was instrumented for thrust.
Data from such runs were taken only where the speed of both engines
and other conditions were comparable.

The measurement of longitudinal acceleration which has an
important bearing on the drag coefficients was made with a standard
three-component NACA accelerometer which has an accuracy of t0.025g.
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Because all the aforementioned sources of error affect the values
of drag coefficient, it is very difficult to estimate the absolute
accuracy. However, the Mach number for the drag rise and the relative
magnitude of the drag rise should be substantially correct.

TESTS, RESULTS, AND DISCUSSION

The data presented in this paper were obtained during the demon-
stration flights by the Douglas Aircraft Co. and the Air Force. The
maneuvers performed consisted of level runs, high-speed dives, and
pull-ups. Most of the data were taken in the altitude range from
25,000 to 35,000 feet, although one run extended as low as 14,500 feet
and another as high as 37,500 feet. The Reynolds number for the tests,

based on the mean aerodynamic chord, varied from 13 X 106 to Dl X 106.

Data are presented for 12 approximately constant Mach numbers
ranging from 0.82 to 1.20. The data covered a narrow range of Mach
number about each given Mach number and this range was +£0.02 for &
Mach number of 0.82, and +0.01 for Mach numbers of 0.90 and greater.
Three of the twelve sets of constant Mach number data consisted of
data from a single maneuver, whereas the other nine sets utilized data
from two to ten maneuvers.

The variation of 1lift with angle of attack for the 12 Mach numbers
is shown in figure 4. TFor these data the horizontal talls incidence
varied with lift with the extreme values ranging from 219 Ea o,
Below a lift coefficient of about 0.7 there was approximately a
straight-line variation of 1lift with tail incidence.

The lift-curve slopes within the lift-coefficient range from 0.2
to 0.4 were determined from the data of figure L4 and are presented in
figure 5. At a Mach number of 0.82 the lift curve had a slope of about

0.085 deg‘l which increased to a value of 0.115 deg"l near a Mach
number of 1.0 and then decreased to a value of about 0.093 deg"l
in the supersonic region.

The variation of drag coefficient with 1ift coefficient for the
12 Mach numbers is shown in figure 6 and a cross plot of these data
is presented in figure T as the variation of drag coefficient with
Mach number for constant values of 1lift coefficient. For a 1lift
coefficient of 0.3 the drag coefficient was about 0.044 below the drag
rise and increased to a value of 0.094 in the supersonic region.
The drag-rise Mach number, when defined as the Mach number where the
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slope of the curve becomes 0.10, had a value of about 0.92 for a lift
coefficient of 0.20 and this decreased to about 0.90 at a 1ift
coefficient of 0.40.

The data of figure 6 were plotted as drag coefficient against the
square of the lift coefficient. The curves were approximately recti-
linear for lift coefficients up to 0.6. The slopes, drag-due-to-lift
factors, were measured and are presented in figure 8. There was only
a slight variation with Mach number and all the values lay between
0.20 and “0.23.

The maximum lift-drag ratios determined for the various Mach
numbers are presented in figure 9 along with the 1ift coefficient at
which they occur. At a Mach number of 0.82 the maximum lift-drag ratio
had a value of 7.2 which decreased with increasing Mach number and
reached a constant value of about 4.0 for Mach numbers between 1.05
and 1.20. The lift coefficient at which the maximum lift-drag ratio
occurred varied from about 0.35 at a Mach number of 0.82 to about 0.60
at a Mach number of 1.20.

The flight data have been compared with data from wind-tunnel tests
(ref. 2) and rocket-model tests (ref. 3) and the results are presented
in figure 10. The lift-curve slopes are compared at a 1lift coefficient
of 0.3 and the drag data are compared at the same 1ift coefficient.

The horizontal tail incidence was 0° for the wind-tunnel data, either
-2.8° or -1.2° for the rocket-model data, and varied within the range
of -3.00 t 1,59 as required for trim in the flight tests. The lift-
curve slopes of the three sets of data show the same general trends.
The agreement of the drag data is satisfactory since the only point
where there is appreciable difference is during the drag rise where
the measurements are less certain. The maximum lift-drag ratio for
the flight data is slightly higher than the model data in the
subsonic region but agrees quite well with the wind-tunnel data in
the supersonic region.

The comparison of the flight and model data shows that the model
tests adequately predict the performance of the actual airplane. The
comparison also indicates the merit of the flight tests since these
demonstration flight tests gave a more adequate coverage of the Mach
number and lift ranges than did either the rocket-model or wind-
tunnel tests.

SUMMARY OF RESULTS

The 1ift and drag measurements made on the X-3 airplane during
demonstration flights which covered the Mach number range from 0.82
to 1.20 showed the following results:
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1. The lift-curve slope in the vicinity of a 1ift coefficient of
0.3 increased from 0.085 deg-l at a Mach number of 0.82 to 0.115 deg-1
near a Mach number of 1.0 and then decreased to about 0.093 deg-l in
the supersonic region.

2. For a 1lift coefficient of 0.20 the drag rise occurred at a Mach
number of 0.92 and the value of drag coefficient at supersonic Mach
numbers was about twice the value below the drag rise.

3. The drag-due-to-1ift factors varied only slightly with Mach
number and had values between 0.20 and 0.23.

4., The maximum lift-drag ratio varied from 7.2 at a Mach number of
0.82 to a constant value of 4.0 for Mach numbers from 1.05 to 1.20.

5. A comparison of the flight data with data from wind-tunnel and
rocket-model tests shows that the model tests adequately predict the
performance of the airplane.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., September 7, 195L.
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE DOUGLAS X-3 AIRPLANE

Wing:
Area) e B o B R S R R o e e 166.5
Tt TGO G P v L i S ST SN TR T 0

AEpECEERabORE S IS RS T ST s el e e el e e e e 5,09
Alrfollt gectiontiv o 5 5 el e ol ot i Modified hexagon
Airfoil thickness ratio, percent chord O T e MR k.5

Airfoil leading- and trailing-edge angles, Gl SIS S & S B 8.58
Meentaerodynamicy ChoBa,  Eiha telle sl s 1o o of sty SRl L RR IR SR 7.8%
BOCHEChOR S PEh. 0 s sinin S 8 o 4 e erie Pertie o oI EE GEn USRS T
THpEchord st ool of ol o % 0 ol o e CRIGHE IR S o) oo e i AL
PHREBE TGO c o err o™y s b e e s iemie me Lo i e ts S U T e Rl G 0.39
SweepratsOsoachord: Jdne ,Sdegiet ol o o TR e o o oG R 0
dncldence mAeEie or W oie it el ler ol 6, o e e RelEet Mot et ol el or otk oo iell o 0
Diihedralt RAEREIE TS5« o ol side e fonon o, s oMEIR e Ton el e ) roltotRe b RS 0

Horizontal tail:
5 T e e AR SRR o P SRR T e
SPEI IRTHMEI o a0 o e o] aiderndel sl e ol eAEOBIeL eiiellenter He RORRCES e Wie LGS

AspectirablloRenini 3 o LUl e TS e e ol it NORET R el 4,38
Adrfoll"section. . . « ol elail e ettty el C B L e Modified hexagon
Airfoil thickness ratio at root chord, percent chord 8.01
Airfoil thickness ratio outboard of station 26,

percent chord . . . . - SRR i PR RS s T 4.5
Mean aerodynamic chord, ft R s LSl D T o Ot 3.34
Taper. rabier. . ... R e e B R e DRIEE
Sweep at leading edge, deg R RO O e B T L EL Al
Sweepratitraliling edge, '[Aeghici o o s o s oo e o s o ol ie s et e st 0
Dihedmail AT Vel el v o jisie it e ‘o e fo o et seiss T Gl e S USSR RECEI S 0

Vertical tail:
Area s SCUSBERIETS Tolioh S8 of o Hei e o baitie ciat e oy termerikelusy fo i RTo o Rk e Ve 2515
Span, SRERE R T 0 o8 B e shietieten e e del el et Ealo RS SIS RSN 5.59
RS peCEiratloPS Tl O o e e e e ek e e e Velnaitte e Sal et ak NS Bl lavetre e 155515
Airfoll section . . . o . S RO A Modified hexagon
Airfoil thickness ratio, percent chord TR e Do Ris LT 15
Mesn serodynamic. CHOTA, Tt 1. Fan. o o ol o e LE e TSI s T 4.69
Teper ratiol o « o o @ slis % T el e sl e de s R A e 0.292
Sweep at leading edge, AR L 5% B s o et o e ks L R 45.0

Fuselage:
Tength i ineludingdboom, Pt be. or TR TS SRR SN, R R GO
Masel MmN AL & Bh et Variotbota onilel et ke aleaitaRott o s BS 0 (O DS Fohe 6.08
Mezimumehedeht, £E7 o0 T8 il v o o bs, % Jieaints VEEERERS | Lo i i 4. 81
Bage: arety 8q B . o cliet e e e o GEUEREEL s e R e oA T.94

Power plant:
Engdnes .. oot sl e e s e et Two THUWE-1Tiwlth afterburner
Rating, each engine-
Static sea-level military thrust, 1b . ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢« o o &« 3370
Stet o gea-levelmaximumsGnrust,  lbi e i ST 4850

Weight:
Baade (Wi thout: fuel; foil,swater, Spiillot) s Slibi. S TSR G e G2
Totail, LD 0 /sl alfcris o iir e el surer e oo ol el on S ROl s S RECR EORI RS S 2 2R (X0)
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Figure 1.- Photographs of Douglas X-3 research airplane.
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Figure 2.- Three-view drawing of X-3 airplane. All linear dimensions
are in inches.
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Figure 5.- Combined airspeed - angle-of-attack boom.
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Figure 4.- Variation of 1lift coefficient with angle of attack for various
constant Mach numbers.
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