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SUMMARY

~ Flight tests were conducted betjweenMach n~bers of O.9 to 1.8 over

a Reynolds number range from 9 X 106 to 30 x 106 to determine the zero-
lift drag and some roU.ing-effectiveness characteristics of a proposed
long-range, supersonic, ground-to-groundmissile. !lhemissile configura-
tion had an arrow-shaped whg plan forniand was tested with both a small
and a large body. The wing had 67.>0 leading-edge sweep, 15° trailing-
edge sweep, snd a modified NACA CQOk airfoil section. The proposed mis-
sile had no horizontal tail, but had wing trailing-edge elevens which
served a dual purpose as elevators and ailerons. T&e ratio of body fron-
tal area to wlmg plan-form mea was 0.0127 for the small-body configura-
tion and 0.0330 for the large-body configuration.

Five l/lkscale models were flown permitting determination of the
zero-lift drag of the basic small-body configuration, the incremental
drag due to the large body, the ticremental drag resulthg from a blunt
wing trailing edge, the wing-plus-interferencedrag, and some rolMn.g-
effectiveness data. .,_—

Results indicated that the proposed missile had low supersonic zero-
lift drsg, the maximum zero-lift drag coefficients be~ 0.0125 sad 0.0155
at a Mach number of 1.03 for the smaU- and large-body configurations,
respectively. The effect of a blunt wing traillng edge, obtained by
cutting off 10 percent of the wing chord, was to increase the zero-lift
drag by 13 to 21 percent. Wing-plus-interference drag accounted for
78 percent of the total drag at Mach number O.9 and 70 percent at Mach
nmiber 1.5 for the small=body configuration. The ailerons produced posi-
tive rolling effectiveness for the wing stiffness of the test models and
the dynamic pressures of the test.
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INTRODIK!TTON

me Langley Pilotless Aircraft Research Division has investigated
the zero-lift drag and some rolling-effectiveness characteristics of a
proposed long-range, supersonic, ground-to-groundmissile cotiiguration.
The proposed missile had a wing, body, and vertical tail, but had no
horizontal tail. Longitudinal control was to be achieved by means of
wing-trailing-edge elevens which served as both elevators and ailerons.
The srrow-shaped~ had an aspect ratio of l.%with 67.5° lesding-
edge sweep, l~” trailing-edge sweep, ad a modified NACA 0004 airfoil
section. The wing was mounted on a small body of maximum cross-sectional
area equal to 1.27 percent of the total wing area. A large-body version
of the missile had a body of maximum cross-sectional srea equal to
3.30 percent of the wing area. An alternate ~ design investigated
had a blunt trailing edge obtained by cutting off 10 percent of the basic
wing chord.

This paper summarizes the results of the rocket-model tests of the
proposed missile configuration. Five l/l&scsle nmdels were flown per-
mitting determination of the zero-lift drag of the basic small- and l=ge-
body configurations,the incremental drag due to the large body, the drag
penslty due to the blunt wing trailing edge, the wing-plus-interference
drag, and some rolling-effectiveness data. A portion of the data presented
herein was pretiouslyrepm’ted in the rocket-model tests of reference 1. .

Flight tests were conducted at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va.

SYMBOLS

A

al

model cross-sectional.area perpendicular to fuselage center
line, Sqft

longitudinal acceleration, ft/sec2

nomal acceleration, ft/sec2

wing span, ft

airfoil chord, ft

drag coefficient based on total wing area of 5.61 sqft,
–Wa~~2.2qS
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incremental drag coefficient based on total wing area
of 5.61 sqft

normal-force coefficient based on total wlmg sxea, wa@2.2@

thiclmess

length of

of wing trailing edge, ft

model fuselsge, ft

Mach number

rolling velocity, radians/see

-C pressure, lb/sq ft

Reynolds number

equivalent body

total wing area
5.61 sqft

based on wing mean aerodynamic chord of 2.31 ft

radius, ft

ticludlng Qortion within the fuselage,

aileron area, sq ft

wing msxbnum thickness, ft

velocity, ft/sec

model weight, lb

distmce from nose of fuselage to any station on the
fuselage, ft

roUing-effectiveness parameter, per degree

average eleven deflection, deg

MODELS

The five models tested sre shown in figure 1, and the body and air-
foil ordinates are listed in table I. The basic arrow wing had an aspect
ratio of 1.86, 67.5° leading-edge sweep, 15° trailing-edge sweep, and a
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section. The model vertical tails had 0° sweep
of the 50-percent-chord line and had the ssme exposed plan form but dif-
fered slightly in airfoil section, as shown in figure 1. Models 1, 2, 3,
and 4 had a small body of fineness ratio 15.5 and a maximum cross-sectional
area located at approximately 30 percent of the body length and equal to
1.27 percent of the totaZ wing area. The wing of model 2 was modified by
cutting off the last 10 percent of the chord resulting in a trailing-edge
sweep of 25.8° and forming a blunt trailing edge with a base area equal
to 0.85 percent of the wing area. Ih addition, model 2 had a booster-
coupling support strut approximately two-thirds the size of that shown on
model 5 in figure 1 and shilarly located. The wing of model 3 had the
trailing-edge ailerons deflected to roll the model. One aileron was
deflected 3.05° up and the other 2.40° down resulting in an average deflec-
tion of 2.no. Model 4 did not have a wing but had horizontal stabilizing
fins. Model 5 had a large body of fineness ratio 14.9 and a maximum cross-
sectional area located at approdmately 50 percent of the body length and
equal to 3.30 percent of the total wing area. The models were of wood and
metal.construction.

Photographs of the small- and large-body models are shown in fig-
UI’13S 2 and 3. The cross-sectional-areadistribution along the model cen-
ter line and the equivalent body radius for these two configurations are
presented in figuxe 4. ‘I@ plot of equivalent body radius shows the body
shape that would result if dl the cross-sectional area at a station were
put into a body of revolution. The equivalent body for the large-body
configuration has a higher fineness ratio and less severe boattail than
does the small baly.

INS~ION AND TESTS

hstrmentation for dl models except mtiel 4 consisted of a
2-channel telemeter transmitting longitudinal and normal accelerations.
Model 4 had no instrmnentation; drsg for this model was obtained solely
frcxndifferentiation of Doppler determined radar velocity. For the instru-
mented model:, drag was obtained, when possible, from both radar and lon-
gitudinal accelerometer data. Rolling velocity was obtained from the
polarized telemeter antenna signal used in conjunction with the spinsonde
receiving equipment. The position of the model in space and the atmos-
pheric conditions were obtained, respectively, by means of sm NACA modi-
fied SCR 584 radar tracking unit and by a radiosonde balloon released at
the time of firing. An external.booster rocket motor was used to accel-
erate the models to their peak velocity: Aerodynamic data were obtained
during model coasting flight following separation from the booster.

--— .—. ..— ——______ _____ __ _____ ...—
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The rsmge of Reynolds number (based on the wing mean aerodynamic
chord of 2.31 feet) for the tests is shown in figure ~. Reynolds man.

hers for all tests varied within the range from approximately 9 x 106
6

at Mach nuniber0.9 to 30 x 10 at Mach nuniber1.8.

ence

Mach

ACCWIUCY OF DATA

The accuracy of the data, based on instrumentation remges and experi-
in rocket-model testing, is estimated to be as follows:

nuniber. . . . . . . . . . . . . . . . . . . . . . . . . . to.010
~(at M= 0.9) . . . . . . . . . . . . . . . . . . . . . . ..~O.0010

~(at M=l.5) . . . . . . . . . . . . . . . . . . . ..”. .. I0006o6

cN(athf =o.9). .o . . . . . . . . . . . . . . . . . . . ..~o.o16

c@thf=l . 5) . . . . . . . . . . . . . . . . . . . . . . . . &).005

I‘b5(atti val,uesof M)... . . . . . . . . . . . . . . ..~0.00W
%

RESULTS AND DISCUSSION

Results obtained from the tests are presented in figures 6 to U.
Curves of trim normal-force coefficient, rolling effectiveness, and a
time history of the roll-model flight are presented in addition to the
zero-lift-drag data. The effect on the drag of the slightly different
verticsl-tail sections and of the booster coupling support struts was
negligible and is, therefore, not considered in the discussioriof the
drag for the vsrious models.

Longitudinal Trim

!kctinormal-force coefficient for the yinged models (1, 2, 3, and 5)
is shown as a function of Mach nwnber b figure 6. The data show that
the models trlmned to essentially zero normal force but indicate a
slightly positive normal force in the transonic region. The nomal
accelerometer of the roll model registered negative normal force above
Mach nuriber1.0 (see fig. U) but the normal-force coefficient obtdned
for this model agreed with that for the nonrolling models when corrected
for centrifugal force due to normal-accelerometer displacement from the
roll axis. Nesr Mach number 1.0, the ro~ model experienced some insta-
bility in yaw due to rolling. This instability will be discussed more
fuUy in a later section. -- “-””-”,

u’
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Drsg

Figure 7 presents the variation with Mach number of the zero-lift
drag coefficient for each of the models tested. The fine grid has been
retained in this figure for greater ease of resolingthe drag coefficients.

The drag coefficients for the various models are compared in fig-
ure 8(a). The small- and lsrge-body configurations are seen to have low
supersonic zero-lift drag coefficients. !t!hedr agisamaxbnum near Mach
number 1.03 and decreases gradually with I&ch number. The basic small-
body configuration (model 1) has a subsonic drsg coefficient of 0.008
increasing to a maximum of 0.0125 and decreasing to 0.010 at Mach num-
ber 1.8. Addition of the large body results in a mibsonic drag coeffi-
cient of 0.009 with a maximm value of 0.0155 decreasing to 0.0131 at
lkch number 1.4. The drag coefficients for the basic small-body model
and the roll mciielshow essentially no differences, an indication that
the aversge aileron deflection.of 2.no resulted in no measurable drag
increase. The curve shown for “~del 4 without horizontal fins” w~
determined by subtracting the known drag coefficient for the horizontal
fins, obtained as explained in reference 1, from that of the fin-stabilized
body model. The curve shown is, therefore, the variation of drag coeffi-
cient for the small body with vertical tail except for interference-drag
effects which could not be accounted for.

TIE blunt-trailing-edgemodel (model 2) is seen in figure 8(a) to
.

Wve appreciably higher drag than does the basic smaU-body configuration.
The incremental drag due to the blunt trailing edge is shuwn in figure 8(b)
and represents an increase of 20 percent at Mach number 0.95, 21 percent
at Mach number 1.03, and 13 percent at Mach nunber 1.5 over the drag of
the basic small-body configuration. It is also shown that the drag con-
tribution due to the blunt trailing edge is a minimm near Mach number 0.98
and a maximm near Mach number 1.10. The circular symbol at Mach nm-
ber 1.5 in figure 8(b) was obtained by using base-pressure data from refer-
ence 2 for a wing with a blunt trailing edge and with t c = 0.05 and
h/t = 0.25. /For the blunt wing”of the present test, t c = 0.04 and
h/t = 0.21. Addition to the flight data of the estimated ski’n-friction
drag for the cut-off portion of the blunt wing results in close agreement
at Mach nuniber1.5 with the data frmn reference 2. The base drag on the
blunt trailing edge is large, probably as a result of the nearly two-
dimensional character of the flow over the wing. Reference 3 indicates
that the base drag of a body of revolution with the ssme base area as that
of the wing would be approximately 50 percent of that due to wing-trailing-
edge bluntness at Mach nuder 1.5.

Figure 8(c)presents the drag increase of the large-body model over
that of the basic small-body configuration. The increase is a maximum
just below Mach number 1.0. It should be realized that this curve and
also the curve of figure 8(b) could be altered appreciably in this region

.—. .. —_________



due to a possible Mach number error of 0.01. The drag increment of fig-
ure 8(c) represents an increase of 13 percent at Mach number 0.90,
24 percent at 1.03, sad 17 percent at 1.4.

The wing-plus-interferencedrag coefficient presented in figure 8(d)
was obtained by subtracting the body-plus-vertical-taildrag coefficient
f’romtbat of the basic small-body configuration and shows that the wing-
plus-interference drag accounted for approximately 78 percent of the total
drsg at Mach ?nmiber0.9 and 70 percent at Mach nwber 1.5.

Rolling Effectiveness

Rolling-effectiveness data obtained fran the
sre shown in figure 9(a) between Mach nmbers 1.0
sures for the test are presented in figure 9(b).

flight of the roll model
snd 1.4, and dynamic pres-
The b used in the

rolling-effectivenessparsmeter
/

pb
~ ~ was the average aileron deflection

(2.’73°). The rolling-effectivenessparameter vsried uniformly from approx-
hately 0.02 at Mach number 1.02to 0.0065 at Mach nmber 1.39. There is
no evidence of aileron reversal for the Mach nuniberrange covered. The
ro~ing effectiveness of s=ar tierons on a 600 delta wing from the
rocket-model tests of reference 4 is shown for comparison. The more rapid
decrease of rollhg effectiveness with increasing Mach nunber for the pres-
ent configuration could be psrtially due to a more fletible wbg construc-
tion and tldnner wing section for the present-test model since the dynamic
pressures of the two tests were comparable.

Some indication as to the flexibility of the roll-tiel wing is shown
in figure 10. This figure shows the deflection of the wing at various
spanwise stations due to a torque of 20 foot-pounds applied at a distance of
16 inches from the model center line. ‘I!&applied torque is seen to result
in caiber of the wing in a manner to reduce the rolling effectiveness. The
aileron losilwould have a similar ceniberingeffect.

Instability Due to Roll

Figure U presents a time histo~ of longitudinal acceleration, nor-
mal acceleration, roll velocity, and Mach nwnber during flight of the rolJ
model. The model appears to have experienced some degree of instability
below llachnumber 1.0. This is thought to be a restit of roll as described
in reference 5 since the nonrolling models had no difficulty. Calculations
of the undamped pitching and yawing natursl frequencies for the model indi-
cated that the yawing natural frequency was of the order of 40 radians per
second snd that this was approximately one-half the pitching natural fre-
quency. Althoughno rolMmg velocity was obtained after approximately
8.2 seconds of flight, it is interesting to note that instability is

-— .——— ——— -.——-- —.— —
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indicated when the rolling velocity reached a vslue
40 radians per second and thd this condition would
in yaw since, as stated in reference 5, &tabiJ_ity
rollinn frequency exceeds the lower of the pitthing

NAM RM L53J02

of approximately
produce instability
occurs when the
and yawing natural

frequencies1 It-should be pointed out that although a condftion of insta-
bility due to roll appesrs to have occurred for the l/14-scale model of
the present test, an analysis would be required to indicate whether the
fU-scale missile would suffer frcm this condition.

SUMMARY OF RESUL!E

Results of free-flight rocket-model tests of the arrow-wing missile
configuration are as follows:

1. K(IEbasic small- and large-body configurations had low supersonic
drsg. The small-body configurationwith body-to-wing area ratio of 0.0127
had a subsonic drag coefficient of 0.0080 increasing to a maximum of
0.0125 at Mach number 1.03 and decreasing to 0.010 at Mach nmnber 1.80.
ticreasing the body-to-wing area ratio to 0.033 resulted in an increase
in drsg coefficient of 13 percent at Mach nmber 0.90, 24 percent at Mach
numiber1.03, and 17 percent at Mach nuder 1.40.

2. The effect of the blunt wing trailing edge, obtained by cutting
off 10 percent of the basic wing chord, was to increase the zero-lift
drsg coefficient by approximately 20 percent at Mach number 0.95, 21 per- “
cent at Mach number 1.03, and 13 percent at Mach number 1.50.

3. For the basic smdl-bcdy configuration, the wing-plus-interference
drag accounted for a~roximatel..y78 percent of the totsl drag at Mach num-
ber 0.9 and 70 percent at Mach number 1.5.

4. The.trailing-edge constsnt-chord ailerons resulted in positive
rolling effectiveness (i.e., no aileron reversal) for the Mach number
range covered and for the dynsmic pressures and wing flexibility of the

I
‘b b had aval.ue of 0.020test. The rolling-effectivenessparsmeter ~

at Mach number 1.02 and 0.0065 at Mach nuniber1.39.

Langley Aeronautical Laboratory,
Nationsl Advisory Committee for Aeronautics,

Langley FieE, Vs., September 22, 1953.
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Model 2: Blunt-lruiling-edge moclel.
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&0. A-A ‘a0.

B-B

Note: Total T.E. hose
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C
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c-c

Note: Airfoil cross sections
are not tO scala

Model 3: Roll

Figure 1.- Genera
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Model 4: Body-finmodel.

55
Q
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—-~

#

Horizontal-fin section
s
o

&

c

E-E

vertical-fin section
(for morMs 2,3 84)

–-4

.

).—

32% thick

~.
hexogonal section

+
/

Model 5: Loqe-bOdydreg model.
~ 4.42

Figure 1.- Concluded.
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(a) Top view.
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(b)Side view.

Figure 2.- Photograph of basic small-body configuration.
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(b) Side view.

Figure 3.-Photograph of large-body configurateion.
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(a) Area distribution.
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(b) Equivalent radius.

Figure 4.- Nondimensional cross-sectional area distribution and equivalent
radius for the basic small- and large-body models (models 1 and 5) as a
function of nondimensional body length.
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M

Figure 5.- Rsage of Reynolds nuniberbased on the wing mean aerodynamic
chord for the models tested.

.2
0 Model I, basic small body 1
❑ Model 2, blunt tmilin”g edge

.OModel 3, roll.

.1
A Model 5, large body

o #At ~~ ~ .%? K= a+ m Z3!Q m X%3 Cx en e. . m n n n

-.1

.9 1.0 . 1.1 1.2 1.3 I .4 1.5 1.6 1.7 1.8

M

Figure 6.- Variation of normal-force coefficient with Mach nmiber.
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Figure 7.- Zero-lift drag coefficient as a function of Mach number for
the various models.
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(a) Comparison of the model drag coefficients.
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f’of cut-off tm Ihg edge.
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-- ---
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(b) Contribution of the blunt trailing edge.

.9 1.0 Ll 1.2 1.3 1.4 1.5 1.6 1.7 1.8
M

(c) Contribution due to increased body size.
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.9 Lo LI 1.2 1.3 1.4 1.5 1.6 1.7 1.8
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(d) Contribution of t+e wing with interference.

.WR 8.- Comparison of model drag coefficients and variation with Mach
nuniberof the incremental drag coefficients due to trsi~ng-edge
bluntness, addition of the large body, snd to the wing with interference.
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Figure 10.- Deflection of the roll-model wing due to a torque of
20 foot-pounds applied at station 16 inches from the model
center line.
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Figuxe I-1.-Time history of flight of the roll model showing the
instability due to roll experienced in the transonic region.

NACA-1.an@eY-1-14-54-31@

———.—....-. .—— ..— ——— .-—--- -—


