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RESEARCH MEMORANDUM

LARGE-SCALE FLIGHT MEASUREMENTS OF ZERO-LIFT DRAG AND
IOW-LIFT LONGITUDINAI. CHARACTERISTICS OF A
DIAMOND-WING—BODY COMBINATION AT MACH
NUMBERS FROM 0.725 TO 1.5k

By Harvey A. Wellskog and John D. Morrow
SUMMARY

A large-scale diamond-wing—body configuration has been flown by
the Langley Pilotless Aircraft Resesrch Division at Mach numbers from
0.725 to 1.54 and Reynolds numbers, based on the wing mean aerodynsmic

chord, up to 35 x 10°. The diamond-plan-form wing had an NACA 65A003
alrfoill section, a total aspect ratio of 2.31, and 0° sweep of the mid-
chord. Coeffilcients of total drag, base drag, model fore drag, and wing-
plus~interference drag at zero 1lift were obtalned for the Mach number
range 1ndicated, along with 1ift coefficients, aerodynamic-center loca-
tions, damplng factors, and 1lift-drag retios for two transonic Mach
numbers at low-1ift conditions. Drag-coefficlent values of a 3-pefbent—
thick 60° delta-wing configuration are shown for comparisomn.

Both total and wing-plus-interference drag coefficients for the
dismond-wing model were slightly lower than for the delta-wing model at
high subsonic and transonic speeds. Wing-plus-interference drag coef-
ficients of the diamond wing were approximately 50 percent greater than
those of the delta wing for Mach numbers over 1.3. Total configuration
drag coefficients of the diamond-wing model, however, were only about
17 percent greater than those for the delta wing at Mach numbers sbove 1.3.

INTRODUCTION

The Langley Pilotless Alrcraft Research Division is conducting a
research program to determine the zero-1l1ft drag of large-scale rocket-
propelled wing-body conflgurations. This program 1s directed toward the
design of aircraft configuretions suitable for efficlent flight at
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transonic and supersonic speeds., A summary of the results obtalned thus
far in this program 1s given in reference 1 which presents the data
obtained from 10 wing-body configurations in which the main variebles
were wing plan form and airfoll sectlon.

As g continuation of this progrem another plan form has been inves-
tigated. As illustrated in reference 1, a thin 60° delta wing possesses
an advantage of low zero-lift drag. But this delta wing, and other thin
swept wings, has the disadvantage of being subject to undesirable aero-
elastic effects. It seemed desirable, therefore, to obtain large-scale
drag data for g wing which would have reasonsbly low drag and yet be free
of large seroelastlc effects. The wing tested had the same wing aspect
ratio, taper ratio, airfoll section, and ratio of body frontal area to
wing area as a previously reported 60° delta-wing configuration but with
0° sweep of the 50-percent-chord line. This gave, essentlially, an unswept
wing of zero taper ratio with an Inherently higher lift-curve slope than
the delta wing. :

This paper, then, reports the results of a free-flight test of a
conflguration having a dlamond-plan~form wing of aspect ratio 2.31 with
0° sweep of the midchord, and an NACA 65A003 airfoll section mounted on a
parabolic body having a fineness retio of 10. )

This free-flight test provided continuous messurement of longitudinal
and normel accelerations, angles of attack, and base pressures by means
of telemetry. From these data the wvariations of total drag and bhase
pressure coefficlents with Mach number were obtained. By using two sm=ll
rockets in the body nose, the model was twlice caused to oscillate freely
in pitch during its deceleration from supersonic speeds. Telemetered
values of time histories of normal acceleration and angle of attack
provided lift-curve slope, static stebility, and demplng derivatives.
The drag of the diamond-wing configuration of thils Investigation is
compared with that of a 60° delta-wing model (model 3 of ref. 1).

The Reynolds numbers of the present test, based on wing mean aero-

dynemic chord, varied from 11.5 X 106 to 35 X 106. Thé:Mach number range
was from 0.725 to 1l.5k.

SYMBOLS _
Cp drag coefficlent at zero 1ift, Drag/qSy
CPb body base pressure coefficient, EEL:;EE
Q
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By
Po

body base pressure, 1b/sq £t
atmospheric pressure, 1b/sq £t
dynemic pressure, %pvg, 1b/sq £t
Mach number

Reynolds number

air density, slugs/cu £t

model airspeed, ft/sec

wing sweepback angle, 0° at midchord, L0° 54' at leading
edge

wing aspect ratio (2.31), b2/,

wing span, 5.64 £t

wing locel chord, £t

mean aerodynsmic chord, 3.42 £t

wing root chord, 5.13% £t

wing tip chord, O £t

axlel distance along body from nose, £t

total body length, £t

wing-plan~form area obtalned by extending the leading and
trailing edges of the wing to the center line of the
body, 15.13 sq £t

body frontal area, 0.922 sq £t

cross-sectlonal ares of the confiliguration at any longitu-
dinal station, sq ft

1ift coefficient, Lift/qSy
pitching-moment coefficlent, Moment/quE

rotational damping-moment coefficient (stable when negative),
radians
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a angle of attack, deg
8 angle of pltch, radlans ~
Subscripts:

Y- do & g,
“ dt 2v o3

£
ov

Q
]
&l&

The symbols @, q, end & used as subscripts 1ndicate the deriva-
tive of the quantity with respect to the subscript.

MODEL AND TESTS - —

Figure 1 gives the general arrangement and geometry of the present
configuration., The dismond-plan-form wing had an aspect ratlio of 2.31
and an NACA 65A003 airfoil section, as did a previously reported
60° delta wing (model 3 of ref. 1), and had O° sweep of the midchord.

The wing was so located on the body that the quarter-chord point of the
mean aerodynamic chord fell at the 60-percent-body station. The parsbolic
body had 1ts profile defined by two parabolic arcs each having its vertex
at the maximum dismeter which was at the 4O-percent-body station. A
table of fuselage coordinates may be found 1n reference 1. The model

was stabllized by thin tail fins, four on the model without wings and

two on the model with wings.

The model was constructed primarily of wood and reinforced with
metal. A 6-inch ABL Deacon rocket motor furnlshed a total impulse of
19,000 pound-seconds which propelled the model %o supersonic speeds.
Two small rockets were located in the nose of the body and arranged so
that thelr discharge, during free flight, caused the model to pitch,
These "pulse rockets'" had a very short burning time and served only as
an Inltial disturbeance; the model thereafter described a free oscilla-
tion. Each of the pulse rockets had a total impulse of approximately
20 pound-seconds. The model was launched, as shown in flgure 2, at
an elevation angle of approximately 650 and the data were measured during
the coasting period of flight. . .

The test model had a U-channel telemeter contained within the body

which measured longitudinal acceleratlon, normal acceleration, base
pressure, and angle of attack. Ground instrumentstion was also used to
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record the model flight end consisted of a CW Doppler velocimeter radar
for measuring model speed, an NACA modified SCR 584 radar tracking unit
for measuring trajectory, and radiosonde units for measuring air pres-
sure and temperature fram which speed of socund, density, viscosity, and
altitude were obtained. The CW Doppler radar unlt provides measurements
of model speed relative to the ground. In order to obtein the veloeity
of the model reletive to the sir, it is necessary to know the wind speed
and direction at altitude. Wind velocities for each model have been
estimated by the Meteorology Section of the Lengley Flight Research
Division by using winds-aloft data cobtalned at nearby weather stations.
By means of these wind datea, the measured model ground speeds were then
adjusted to alrspeeds. For determlning drag coefficients, decelerations
were obtained from two independent sources: (a) telemetry of longitudinal
acceleration and (b) differentiation of the velocity-time curve (obtalned
from the CW Doppler velocimeter). When abrupt changes occurred in the
variation of drsg with Mach number, the data obtalned from the telemeter,
which 1s more sensitlve to such abrupt changes than the velocimeter
recording system, were used to gulde the falred curves. Base pressure
coefficients were determined from the radiosonde survey of ailr pressure
and telemetered values of pressure at the base periphery.

The probeble errors in the data presented due to inaccuracies in
the Instruments and in the reduction of instrument recorded deta and to
the errors in obtaining wlinds-aloft data are belleved to be less than
$0.010 in Mach number and 10.0007 in drag coefficient.

The Reynolds number based on the mean serodynemic chord of the wing
is shown as a function of Mach number in figure 3.

RESULTS AND DISCUSSION

Zero-Lift Drag

In figure L are presented basic data as coefficlents of total and
base drag, and base pressure agalnst Mach number. The base-pressure—
coefficient curve in figure 4(b) 1s a true reproduction of the actual
data; however, it 1s believed that these abrupt changes are the result
of rocket-motor afterburning. These changes in base pressure coefficilent,
when converted to base drag coefflcient, amounted to less than the
probable error in total drag coefficient; therefore, both totel drag and
base drag are presented as faired curves. The base drag of the diamond-
wing—body configuration was only 6 percent of the total drag at super-
sonlc speeds.

A comparison of the present test results with those of a previously
reported 3-percent-thick 60° delta-wing model (model 3 of ref. 1) is
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shown in figure 5. The diamond-wing configuration (fig. 5(a)) had .
slightly lower drag than the delta-wing configuration up to a Mach

number of 1.02., Above a Mach number of 1.3, the diemond-wing configura-

tion had approximately 17 percent more drag than the delte-wing config- -
urstion. The drag rise of the diamond-wing configuration occurred at

s slightly higher Mach number than that of the delta-wing configuration.

In figure 5(b) a comparison of wing-plus-interference drag coeffi-
clent for the delta and dlsmond wings is shown. The diamond wing had
lower wing-plus-interference drag coefficlents up to a Mach number of 1.02.
Above a Mach number of 1.3 the diamond wing had about 50 percent more
wing-plus-interference drag than the delta wing. The shape of the curve
for the dismond wing is typlcal of that for round-nose unswept wings which
generally show an approximately constant drag-coefficient variation with
Mach number for supersonic speeds.

The dilemond-plan-form wing may be consildered as being derived from
the delta wing by shearing the alrfoll sectlons parallel to the fuselage
center 1line forward until the 50-percent-chord line has O° sweep. Since
both wings have the same alrfoll section, a spanwise line of a glven
percentage chord will define the same streamwlse surface slope for both
wings. The important consideration in compering wing drag coefficients
18 the fact that the lines of apprecisble slope contributing to the drag
all have moderate sweep for the dlamond wing, whereas part of the delta
wing has very little sweep (that 1s, the trailing-edge part). The higher
transonic drag of the delta wing is belleved to be the result of low .
tralling-edge sweep; whereas, the dreg of the dlamond wing is lower
because both the leading and trailing edges have moderate sweep. At
supersonic speeds the leading-edge portion of the wings appears to be -
the predominent factor for drag. The delta wing, with 1ts greater leading- '
edge sweep, therefore has lower supersonic drag.

As shown in reference 2 the zero-lift drag rise of wing-body com-
binations at transonic speeds 1s related to the longitudinal distribution
of cross-sectional area. Illustrated in flgure 6 are the distributions
of area for the diamond- and delta-wing configurations of this report
which, for purposes of comparison, are consldered to represent equivalent
bodies of revolution. Although it would be rather difficult to predict
the total drag of each configuration, 1t mey be possible to note the
probable sources of the drag differences by a comparilson of the area dis-
tributions. The earlier drag rise of the delta-wing—body model is proba-
bly related to the higher rate of decrease of cross-sectional area of
the afterbody for the delte model as compared with that for the diamond

in the region behind 0.75 %. As shown in reference 3, more convergent

afterbodies will have an earlier drag rise and a decreasing drag with
increasing supersonlc Mach number. The higher supersonic drag of the
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dlamond-wing model may be, in part, the result of slightly larger maximum
frontal area, 'greater forebody slope in the region of 0.55 %, and,

perhaps, because the afterbody drag of the dismond remsins more nearly
constant with increasing Mach number.

Low-Li1ft Longitudinal Characteristics

The static stability and damplng of the model was determined by the
free-oscillation method of analysis of reference 4. TIllustrated in fig-
ure 7 1s a portlon of the time history of the data obtained from the
present model in free flight showling the motions due to a pulse-rocket
disturbance. Values of Lift coefficlent plotted against engle of sttack,
at two transonlc Mach numbers, sre presented in figure 8. The variation
of Cp with « was linear for the range of these tests. The lift-curve
slope was 0.070 at M = 1.1% and 0.067 &t M = 1.01.

A summary of the longitudinal characteristics of the diamond-wing
model obtained in this investigation 1s presented in table I. The
static stabllity was determined from the measured perilods of oscilla-
tlon. The aerodynamic-center location moved forwerd from 33.1 percent
of the mean sercdynamic chord at a Mach number of 1.13 to 27.0 percent
of the mean aerodynamic chord at a Mach number of 1.0l. The demping
factor Cmq_+ Cm&, as obtained from the time to damp to one-hslf amplitude,

showed a very smell unstable demping-moment coefficient at M = 1.13.

Maximum 11ft-drag ratios and the 11ft coefficients at which they
cccur are also listed in table I for the dismond-wing configuration. The
maximm lift-drag ratio for the delta-wing—body combinstion was estimated
from unpublished data st a Mach number of 1.13 and was found to be gbout
10 percent lower than that for the diasmond-wing model. These estimates
for the delta-wing configuration show (L/D)p., = 6.7 end Cp for

(L/D)max = 0.2k at M =1.13, whlle the corresponding estimstes for the
dismond-wing configuration were T7.35 and 0.275, respectively.

CONCLUSIONS

A dismond-plan-form wing having an aspect ratio of 2.31 and an
NACA 65A003 section was tested in free flight at Mach numbers from 0.725

to 1.54 and Reynolds numbers up to 35 X 106. The results of this flight
test Iindicate the following conclusions:

COMBERETTAL
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1. The variation of wing-plus-interference drag coefficient with
Mach number for the dlamond-wing configuration was similar to that for
round-nose unswept wings which usuelly show a nearly constant drag
coefficlient at supersonic speeds.

2. The diamond-wing configuration had slightly lower total drag
coefflcients up to M = 1.02 +than a similar delta-wing configuration
but the supersonic drag coefficlent was about 17 percent greater. The
wing-plus-interference drag coefficlents of the diamond wing were lower
than those of the delta wing at Mach numbers up to 1.02. Above a Mach
number of 1.5, however, the diamond wing had sbout 50 percent more drag.

3. At Mach numbers 1,13 and 1.01 the slopes of the 1ift curves were
0.070 and 0.067 per degree, respectively, the aerodynamic-center locations
were 335.1 and 27.0 percent of the mesn aserodynemic chord, respectively,
and the maximum lift-drag ratios were estimated to be 7.35 and 7.60,
respectively.

Langley Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,

Langley Fleld, Va.
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TABLE T

AFRODYNAMIC CHARACTERISTICS

First Second
Aerodynsmic parameter pulse pulse
Mach number . .« ¢« & v ¢« ¢ ¢ 4 ¢ ¢ o o o o 1.13 1.01
Period, sec . . v ¢ ¢ ¢« v o v v i i e 0. 0.15 0.19
Crys Per degree . . . . . . . e e e e e e e 0.070 0.067
Time to demp to 1/2 amplitude, sec . . . . . . . 0.155 0.21
Cmy, &bout center of gravity, per degree . . . . -0.0276 | -0.0223
Cmq + Cmd’ per radlian . . . . . 4 e v e 4 e e 0.112 | -0.756
Aerodynamic center, percent T v v v v e e e 335.1 27.0
(L/D)max (estimated) . e e e e e e e e 7.35 7.60
C;y, for (L/D)max (esti.mated) e e e e 0.275 | 0.250
NACA
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Figure 2.- General view of the model on the launching stand.
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(b) Measured base pressure coefficient.

Figure k.- Test date obtained for the diamond-wing model.
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(b) Wing-plus-interference drag coefficlents.

Figure 5.- Comparison of the zero-lift-drag results of a 3-percent-thick
diamond-wing model with a 3-percent-thick 60° delta-wing model.
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Figure 7.- Portions of the time history of flight during the first pulse.
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Figure 8.- Lift coefficient plotted against angle of attack for the
diamond-wing model for two transonlc Mach numbers.
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