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LIFT, DRAG, AND LONGITUDINAL STABILITY AT MACH NUMBERS
FROM 0.8 TO 2.1 OF A ROCKET-POWERED MODEL HAVING
A TAPERED UNSWEPT WING OF ASPECT RATIO 3
AND INLINE TATI, SURFACES

By Warren Gillesple, Jr.

SUMMARY

An investigation was made of a configuration having a body of fine-
ness ratic 16.9, an unswept wing of aspect ratio 3 and a taper ratio 0.k,
and inline taill surfaces which was aeropulsed continucusly in pitch
during free flight with and without a sustainer rocket motor operating.
The Mach number range covered by the investigation was from 0.8 to 2.1.
Zero-1ift drag and drag-due-to-lift data were obtained during coasting
flight of the model. Normal force, pitching moment, static longitudinal
stability, and downwash and wake effects at the horizontal tail were
obtained with and without the rocket motor thrusting.

Drag due to 1ift at a Masch number of 2.0 was approximately two times
the minimum value of 0.155 near a Mach number of 0.97. The varilation
of 1ift with angle of attack was linear at supersonic Mach numbers. The
varistion of pitching moment with 1lift, however, was nonlinear up to a
Mach number of approximstely 1.3. Downwash was present at the horizontsl
tail up to a Mach number of about 1.5 and angles of attack greater than
2°. Upwash occurred at higher Mach numbers and at angles of attack
between £2°. The maximum pressure loss at the horizontal tail due to
the wing wake was 20 percent of the free-stream dynamic pressure. The
continuous pitching of the model induced lateral osclllations having
maximum emplitude of about #3° of sideslip at low supersonic speeds.

INTRODUCTION

In reference 1 it has been shown that the drag due to 1lift of unswept
wings of aspect ratio 4 is reduced at a Mach number above 0.88 by decreasing
the wing-section thickness. As explained 1n reference 1, above a Mach
number of 0.88 the resultant force is normal to the wing chord, and since
the thin wing has the higher lift-curve slope, 1t has the lower drag due
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to lift. Reference 2 has presented the subsonic and supersonic 1lift,
drag, and pitching-moment results for a tailless configuration having

a 3-percent-thick unswept wing of aspect ratio 3.1, and reference 3 has
determined the transonic 1lift and drag characteristics of the Douglas X-3
research girplane which has an unswept wing of aspect ratio 3.09 and a

4 ,5-percent-thick modified hexagonal section. The configuration of the
present investigation was selected to extend the supersonic range of
experimental 1ift, drag, and stability data available on airplanelike
configurations employing thin unswept wings of low aspect ratio.

A rocket-propelled model having a 3-percent-thick unswept wing of
aspect ratio 3 and a taper ratio of 0.4 and inline tail surfaces was
flight tested at the Langley Pilotless Aircraft Research Station at
Wallops Islend, Va. The horizontal tail was aerodynamically pulsed
between stop settings of 1.82° and -1.93°. The basic aerodynamic param-
eters in pitch were determined from the response of the model to the
tail motion.

SYMBOLS
a, W/s
c . normal-force coefficient, —
N g a
8 W/S
Cc chord-force coefficient, — —
c g a
Cy, 1ift coefficient, Cy cos @ - Cn 8in a
Cp drag coefflcient, CC cos a + Cy 8in «
; hd -
1y®
c it - t fficient about ter of vit; —
- pitching-moment coe cient sbout cen gravity, 57.3a58
ay normal acceleration, ft/sec®
8, longitudinal acceleration, ft/sec®
g trensverse scceleration, ft/sec®
g acceleration due to gravity, 32.2 £t/sec®
dynamic pressure, Ib/sq o v
v velocity, ft/sec
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M Mach number

R Reynolds number, where reference length is 1 £t

W welght of model, 1b

S total wing area to body center line, %.00 sq £t

e wing mean aerodynsmic chord, 1.22 £t

a angle of attack, deg

<] angle of pitch, deg

B angle of sideslip, deg

¥ angle of yaw, deg

5 horizontal-tail deflectlion, deg

AP differential pressure, 1b/sq £t

Cp differentisl pressure coefficient, %

Iy moment of inertia Iin piltch sbout center of gravity, slug-ft2
H total pressure, 1b/sq £t

€ downwash angle at horilzontal teil, deg

1 ratio of dymamic pressure at horizontel tall to free-stream

dynamic pressure

‘One and two dots over symbols denote first and second time deriva-
tives, respectively.

MODEL

A two-view drawing of the test configurstion is shown in figure 1.
The fuselage was a body of revolution of fineness ratio 16.9. Ordinates
defining the nose shape are given in table I. The geometric and mass
characteristics of the model are listed in table II. The maximum body-
diameter —wing-span ratio was 0.169. An unswept wing (75-percent-chord
line straight) of aspect ratio 3 and teper ratio 0.4 and having a 3-percent-
thick hexagonal airfoll sectlion was mounted on the body center line in
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line with the horizontal tall wvhich was mass balanced and plvoted sbout
the 0.55-exposed-mean-aerodynamic-chord polnt.

The model was of metal construction with a solld TOT5-T6 (formerly
758-T6) sluminum-alloy wing. A sustainer rocket motor was carried inside
the fuselage in addition to a telemeter with angle-of-attack, angle-of
sideslip, pressure, and accelerometer instruments. The model and its
booster are plctured 1n the launching attitude in figure 2.

TESTS

Prior to the flight test the wing of the model was static tested
to determine the streamwise wlng twlst due to loading concentrated along
the 40-percent-chord line. 'The twist was found to be negligible. There-
fore the experimental results of the test should be very closely equel
to "rigid wing" values.

Data were obtained during ascent of the model after separation from
the booster. During flight of the model alone, a square-wave pulse was
continuously generated as the tail automatically flipped between stop
settings due to a reversal in direction of the tail 1lift. The technique
is described more fully in reference 4.

The quantities measured by the-telemeter system were normsl and
longitudinal accelerations, angles of attack and sideslip, horizontal-
tall deflection, free-stream total pressure and a differential pressure
on the horizontel tell. The velocity obtained from CW Doppler radar
was used in conjunction with tracking redar snd radiosonde daste to calcu-
late Mech number, Reynolds number, and dynemic pressure experienced by
the model during flight-—The variatlion of the free-stream Reynolds number
per foot-length and dynamic pressure with Mach number is shown in fig-
ure 3(a). The model experienced a coasting period before and after the
period of flight with the sustainer motor thrusting. The ranges of the
meximunm angles of attack and induced sideslip during the test are shown
in figure 3(b).

ACCURACY

The random error in the data is indicated by the scatter of the
experimental points which 1s generally much less at the highest dynamic
pressures or Mach numbers. The probable random error of a telemetered
quantity obtained from a single instrument is approximstely 1 percent.
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Presented below are the ranges of the telemeter instruments used in the
test model:

Nose angle-of-attack indicator, deg . .+ « « o « o o « « o« « & tlo
Nose angle-of-sidelsip indicator, deg « « « « v v « « « « « & 3
Vertical-tail angle-of-sideslip indicator, deg e e e e e e s h
Normal accelerometer at the nose, g units . . . . . . . 130
Normal accelerometer near the center of gravity, g units .« . 0

Longltudinal accelerometer, gunits . . . . . . . . . . . . +1 %0 =8
Total-pressure indicator at nose, 1b/sg 1n. . . . . 1% to 90
Total-pressure lndicator at horizontal tail, Ib/sq in. . e . 1% o 90
Differential-pressure indicator at horizontal tail,

b/sq in. . . . .. +20
Horizontal-tail-position indicator, deg e e e e e e e e .. 2.2

Because of the low range of the longltudinel accelerometer, this
instrument can be affected by interaction with normal ascceleration. The
interasction may arise both from angular misglinement of the instrument
mounting base and also from construction inaccuracles inside the instru-
ment. Examinstion of plots of the longlitudinal-acceleration date against
normal-~acceleration data from the flight of the test model indicated a
probable effective angular misalinement of about 1° for the longitudinal
accelerometer. The effect of this interaction on the determination of
drag due to lift 1s discussed later in the section on drag.

An additionel source of inaccuracy in the final results may be cross-
coupling effects of induced yawing aund rolling mobtion. These effects as
indicated by figure 3(b) would be expected to be greatest at the low
supersonic speeds of the test.

CORRECTIONS

Measurements obtained from the wind-vane instruments were corrected
for position error resulting from flight-path curvature as follows:
6.50 3
& = %easured + v

_ 6.50
B = Brcasured at nose = v ¥
~ 2.17 :
B = Preasured et tail T v ¥
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Position corrections were also made to measurements obtained from the
normal and longitudinal accelerometers mounted near- the center of gravity
of the model as follows:

g € /measured 32.2(57-5)2

ay (&Z) 4 Q- 175 ( e +

——— 2 — B

g g measured 322 )

RESULTS AND DISCUSSION

Drag

Figure 4 shows a typical variation of drag coefficient with 1ift
coefflclent squared and also with 1if% coefficlent at a Mach number
of 1.85. The data points of the upper plot of drag coefficient against
1ift coefficient—squared do not fall on a single line as they should
do for a baslcally symmetrical configuration, and the corresponding
drag polar is not symmetrical about zero 1lift coefficient. These irreg-
ularities, as mentioned previously, are believed to be mostly due to
normal-force interaction with the longitudinal accelerometer. Exami-
nation of plots of CC against CN over the Mach number range of the
tests indicated a probable effective angular misalinement of about 1°
for the longitudinal accelerometer. The flagged symbols of Ffigure 4
have been corrected for this intersction. The corrected values agree
well with the dashed line which was determined from the average of the
uncorrected points in the upper plot of figure k. Rather than correct
each date point for this interaction effect, plots of drag coefficient
against 1ift coeffilcient squared were made over the Mach number range
and an average llne was determined for each plot from the upper and lower
sets of polnts. Drag due to lift was determined from the slope of the
average line and the minimum drag wes taken to occur at-zero liet where
the line intersects the axis.

The minimum drag atzero 1lift and the drag due to liftover the
angle-of -attack range shown in figure 3(b) are presented separately in
figure 5. The wing-with-interference drag at zero lift was determined
as the difference between the drag of —the test model and that of the
wingless model of reference 5. A further comparison with the body model
of reference 6 at Mach number 1.T4 shows the drag conmtributions due to
the body and the body base. The plot of drag due to 1ift shows that near
a Mach number of-0.97 a minimum value of-0.155 occufrred. A value approx-
Imately two times the minimum value occurred at a Mach number of 2.0.

»
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The drag due to 1lift was very closely approximated by the expression
1/57'3CN@' It is interesting to note that the drag due to lift for the

body-tail model of reference 5 shows the same trend and is only slightly
higher than that for the winged configuration when the latter i1s based
on the sum of the wing and horizontal-tall areas. The wing-body model

of reference 2 is also shown for comparison. For this model the drag

due to lift is lower at low supersonic Mach numbers and higher at high
supersonic Mach numbers -than the drag due to 1ift of the test model beased
on the sum of the wing and horizontal-tall areas. This difference may
be partly due to the change in flow condlitions at the horizontal tail

of the test model. A condition of downwash at the tall would be expected
10 increase the drag due to 1lift.

Normal Force and Pitching Moment

Figures 6 to 8 present plots of normsl-force and pitching-moment
coefficients and summarize the variation of the normal-force- and
pitching-moment-curve slopes with Mach number. Except for the lowest
average Mach number of 0.98, figure 6 shows that the variation of normal-
force coefficient with angle of attack is linear within the range tested.
The variation of pitching-moment coefficient with normsl-force coefficient
is markedly nonlinear at the low test Mach numbers up to a Mach number
of about 1.5 but, as shown in figure 7, this variation becomes linear at
the higher test Mach numbers. The variation of the normsl-force-
coefficient slope CNm wilth Mach number presented in figure 8 is similar

to the variation for the wingless model of reference 5. The contribution
of the wing wlth interference was determined as the difference between
the curves of the two models. The variation of the static-stebility
parameter 4Cp/dCy with Mech mumber is also shown in figure 8. The

model at zero lift was unstsble below sbout Mach number 1.08 with the
static stabllity increasing with both Mach number and lift. The wingless
model of reference 5 showed negligible change of stsbility with 1ift

and a forward movement of the aerodynemic center wilth increasing super-
sonic Mach numbers. A comparison is made with the stability results
from the wind-tunnel model of reference 2. This tailless model had a
similer wing plan form with a 3-percent-thick section. Addition of the
inline tail to the present model appears to have increased the nonlinear
region of static stablility over thet obtained from the tailless config-
uration.

Flow Conditions at the Horizontal Taill

Figure 9 shows that up to a Mach number of about 1.5 and angles of
attack greater then 2° and less than -2° the horizontal tail opersted in
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a region of downwash. At higher Mach numbers and angles of attack between
12° an average upwash was present. The change from downwash to upwash at
the beginning of tall flip may be due to a decrease of the wing downwash
(which interscts with the body upwash) as the supersonic Mach number
increased. Figure 10 presents the variation of local downwash determined
from the differential pressure measured at the exposed mean serodynsmic
chord of the tail with angle of attack. Local downwash was calculsted
from the expression € =a + & - KCP. The factar K.was determined from

the change in the differential pressure when the tail flipped. The
variation of-the local downwash evaluated in +this manner is nonlinear.
The local downwash agrees well with the points of average downwash
obtalned from the angle of attack at which the tail flipped.

Figure 11 shows the pressure loss at the exposed mean aerodynamic
chord of the horizontal tail that occurred when the tall passed through
the wake from the wing. There was a maximum loss of about 20 perceunt
of free-stream dynamic pressure. The extent of the pressure loss with
angle of attack follows the downwash trend of figure 9.

Buffeting and Model Vibretions

The normal-~accelerometer traces of figure 12 which are portions of
the telemeter record during the first-and second coasting periods show
that buffeting developed near a Mach number of 0.9 when the angle of
attack exceeded -10.4° and the normsl-force coefficient reached values
of -1.16 and -1.50, respectively. Buffeting did not occur at higher
Mach numbers. In particular, buffeting did not occur at = Mach number
of-0.95 during the first coasting period when the angle of attack
reached 10.3° nor at a Mach number of 0.94% during the second coasting
period when the angle of attack exceeded 11.6°. The X-3 rocket model
of reference 7 which had a k4.5-percent-thick wing of similasr section and
plan form developed a similar case of buffeting below a Mach number
of 0.9 when the angle of attack exceeded 9° or 10°,

The test model was plagued by a disturbance each time the angle of
attack and normal acceleration changed sign. This is clearly evident
in figure 12(a). This disturbance caused the two low-range transverse
accelerometers to vibrate at a structural natural fregquency of the body.
Vibration of the flow indicator mounted on the lower vertical tail also
occurred. The frequency of this vibration was approximately constant
and is probably some structural frequency of the vertlical-tall fin. At
6.7 seconds flight time the frequency of the transverse-accelerometer
vibrations at the model center of gravity momentarlily changed to the
same frequency as that of the flow indicator.



NACA RM L55B10 SO, 9

Cross Coupling

A resonant builldup of sideslip angle occurred each of the three
times that the model traversed the low supersonic Mach number region.
The ampiitude of the lateral motion was not primarily a fumetion of the
aengle of attack. As shown by figure 3(b) the sideslip amplitude was
qulte small at the lowest test Mach numbers where the amplitude of angle
of attack was relatively very large. Figure 13> shows a typical buildup
of the induced sideslip motion. The periods of oscillation 1n pitch
and sideslip are approximately the same with the sideslip lagging by
one-eighth of an oscillation. The angle AB was calculated by sub-
tracting the sideslip obtained from the flow indicator at the lower
vertical tell from the sideslip obtained from the indlicator at the nose.
Due to the offset position of the rear flow indicator, wvalues of AB
when the engle of attack was elther zero or positive or when the angle
of sideslip was zero should indicate sidewash due to the model rolling.
When the angle of attack was negstive and the sideslip angle not zero,
sidewash due to sldeslip at angles of attack may also be indicated.

The sudden variation of AB at negative angles of attack shown in fig-
ure 135 is attributed to sidewash due to sideslip. The short-dash line

was drawn to indicaete the probeble variation of AP in ‘the absence

of such sidewash. The resulting variation of AB indicates a rolling

osciliation of the model.

The variations that occurred in the angle-of-attack response of the
wingless model of reference 5 did not occur for the winged model of the
- present test. The reason for the difference appears to be that the
reference model probably experienced a more or less steady roll rate
during cross coupling, whereas the present test model oscillated in roll.

CONCLUSIONS

An Investigation of 1ift, drag, and stability of a rocket-propelled
model having an unswept wing of aspect ratio 3 and taper ratio 0.4 and
inline tail swrfaces leads to the following conclusilons:

1. Drag due to 1lift at a Mach number of 2.0 was approximately two
times the minimum value of 0.155 near a Mach number of 0.97. The
expression 1/57'50Nm (where cNd is the slope of the normal-force-

coefficient curve) closely approximated the drasg due to 1lift.

2. The variation of 1lift with angle of atback was linear at super-
sonlec Mach numbers over the range of 1ift covered by the test.

3. The variation of pitching moment with 1ift was nonlinesr up to
a Mach number of approximately 1.3.

SONNERENTT
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4. Downwash was present at the horizontal tail up to & Mach number
of about 1.5 and angles of attack greater than 2° and less than -2°
Upwash occurred at higher Mach numbers and angles of attack less than
20 and greater than -2°., The maximum loss in free-stream dynamic pres-
sure at the tall due to the wing wake was 20 percent.

5. Continuous pitching of the model induced lateral oscillations
having meximum amplitude of. about 13° of sideslip at low supersonic
speeds. ~—

Langley Aeronautical TLeboratory,
National Advisory Committee for Aeromautics,
Langley Fleld, Va., January 31, 1955.
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TABLE T

CONTOUR ORDINATES OF NOSE

Station, in.

Body radius,

from nose in.
o] 0.17
.06 .18
.12 .21
i-) . .22
.48 .28
T3 .35
1.22 46
2.00 i
2.45 .73
.80 l.24 — -
7.35 1.72
8.00 1.85
9.80 2.15
12.25 2.50
13.12 2,61
14,37 2.75
k.70 2.78
17.15 3.0L
19.60 3.22
22005 3-58
2l .50 3.50
25.00 3.50

NACA RM L55BLO
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TABLE IT

CHARACTERISTICS OF MODEL

Wing:

Span, L « ¢« o ¢ o ¢« o« o o o o o o o =
Area, 8Q £ . . ¢ ¢ i ¢ o e 0 o s e
Aspect retioco . . . . . . 4 4 s e e . .
Taper ratio . . . e« s e e e
Sweepback of 0.5 chord, deg e e s &

Mean serodynamic choxrd, £+ . . . .

Alrfoll section . . . . ¢ & &« ¢« ¢« ¢ .

Body:

Meximum diameter, £t , . . . . . . .

Base diameter, £t . . . . . . . . . .
Length, ££ . . . . &« ¢« ¢« ¢ ¢ ¢ &« o « &
Finemess ratio , . . . . . . . . . . .
Boattall angle, deg . . . . . « . « .

Horizontal tail:
Span, £t . . . .

Aspect ratio . . . e e s e e s e
Sweepback of O. 5-chord line, deg . . .

Airfoil section , ., . . . . . « . .

Verticel tail:

Span, T . . ¢ v ¢ o 4« d e 4 e 4 e o
Aspect ratio . . . . P T
Sweepback of L.E., deg e e s e e e s

Sweepback of T.E., deg

Airfoll section . . . . « o & : . o

Model weight, 1b

With sustalner rocket loaded . . . . .
With sustainer rocket empty . . . . .

Moment of inertia in pitch, slug-fte

With sustainer rocket loaded . . . . .

With sustainer rocket empty . . . . .

Center of gravity with sustalner rocket
loaded or empty, percent ¢ aft of
L.E. of mean aerodynamic chord . . . .

15

3.6
L.o
3.0
0.4
8.2

1.22

3-percent-thick hexagonsal

Yopercent-thick hexagonal

0.58
0.42
9.85
16.9
2.16

1.85

2.7
o

1.67
1.08
70
15

flat plate

156.0
li2.2
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Figure 1,- Test configuration. All linear dimensione are in inches.
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Figure 2.- Model and booster on launcher.

GANNRRREAds

L-82600

15



16

Reynolds number, R, per ft

Dynamic pressure,q,lb/sq ft

L T —, NACA RM L55B10
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(2) Reynolds number and dynemic pressure.

Figure 3.~ Flight test conditions.
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Figure 5.- Variation of zero-lift drag coefficient and drsg due to 1lift
with Mach number.
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Figure 6.~ Variation of normel-force coefficient with angle of attack.
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Figure 6.~ Concluded.
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Figure 12.- Portion of telemetered record showing buffeting and model
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(b) Second coasting period.

Figure 12.~ Concluded.
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