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RESEARCH MEMORANDUM

FLIGHT TEST RESULTS OF ROCKET-PRCOPELLED BUFFET-RESEARCH
MODELS HAVING 45° SWEPTBACK WINGS AND L45C SWEPTBACK
TATLS LOCATED IN THE WING CHORD PLANE

By Homer P. Mason
SUMMARY

Three rocket-propelled buffet-research models have been Flight
tested to determine the buffeting charscteristics of a swept-wing-
airplane configuration with the horizontal tail operating near the wing
wake. The models consisted of parabolic bodies having 45° sweptback
wings of aspect ratio 3.56, a taper ratio of 0.3, NACA 64AQQT airfoil
sections, and tail surfaces of geometry and section identical to the
wings. Two tests were conducted with the horizontal tail located 1in the
wing chord plane with fixed incldence angles of -1.5° on one model and
0° on the other model. The third test was conducted with no horizontal
tail. :

Results of these tests are presented as incremental accelerations
in the body due to buffeting, trim anglies of attack, trim normal- and
side-force coefficlents, wing-tip helix angles, static-directional-
stability derivatives, and drag coefficients plotted against Mach number.
These dats indicate that mlld low-1ift buffeting was experienced by all
models over & range of Mach number from approximately O.T to l.k. Tt is
further indlcated that this buffeting was probably induced by wing-body
interference and was amplified at transonic speeds by the horizontal tail
operating in the wing wake. A longitudinal trim change was encountered
by the tail-on models at transonic speeds, but no large changes in side
force and no wing dropping were indicated. .

INTRODUCTION

Recent designs for high-~speed airplasnes incorporate very low
horizontal-tail positions. Since tail surfaces located near the wing
chord plane operate in or very near the wing wake at low angles of attack,
a knowledge of the effects of wing wake on tail buffeting at transonic
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speeds has become important. The tests reported herein were conducted
to determine the low-1ift buffeting characteristices of an airplane con-
figuration having a 450 sweptback tail located in the chord plesne of a
450 gweptback wing.

- SYMBOLS
A cross-gectlional area, sq ft
Lag, increment of normal acceleration due to buffeting (both
positive and negative about mean line), g units
>
Day increment of transverse acceleration due to buffeting,
g units '
b wing span, ft
3 mean gerodynamic chord of wing, 1.348 ft
I, moment of ‘inertia about Z-axis, approximately 8.1 slug—ft2
1 horizontal-tail incidence, deg
length of body, ft
M Mach number
Py period of yawing oscillation, sec
) rolling velocity, radians/sec
pb/2V wing-tip helix angle, radians
dynamic pressure, lb/sq hiy 7
R Reynolds number based on wing ©
. 8 total wing area, 5.38 sq ft
V' : velocity, fps
o angle of attack, deg
Cp drag coefficient, Drag/qS

G
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Normal force

Cy normal-force coefficient, 5
Cy side-force coefficient, §l§§E§9£9§
CNm normal-force-curve slope per degree
CnB static-directional-stability derivative, approximestely
2
I A
57.3aSbPy2

hy altitude range, 2,000 to 9,000 £t
ho altitude range, 10,000 to 20,000 £t

MODELS

Principal dimensions and geometric characteristics of the test models
are shown in figure 1. The longitudinal distribution of cross-sectionel
ares is shown in figure 2. A photograph of a complete configuration is
shown in figure 3, and a photograph of s model-booster combination on
the launcher is shown in figure 4. The fuselage used for these tests was
the basic body used in the tests presented in reference 1. Wing and tall
surfaces were of aspect ratio 3.56, taper ratio 0.3, NACA 64AOOT airfoil
section, and hed 450 gweepback of the querter-chord line. All surfaces
were constructed of laminated spruce with alumimm-alloy surfece inlays.

Three models were tested which differed externslly onlty in the hori-
zontal tail, one model heving no horizontal tail, one model having
iy = 09, and one model having iy = -1.5° (trailing edge up). The two
models having horizontal tails had internal sustainer-rocket motors wilth
nozzles machined to provide -2° thrust inclination relative to the model
center line to obtaln positive trim angles of attack during sustainer
burning. The tall-off model, which had a sustainer with no intentional
thrust inclinetion, weighed spproximastely 117 pounds during the low-
altitude flight range and spproximstely 106 pounds during the high-
altitude flight range. The model with 1 = 0° weighed spproximately

98 pounds, and the model with 1; = -1.5° weighed approximately
103 pounds.
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INSTRUMENTATION

Instrumentation common to all models was as follows: a normal and
a transverse accelerometer in the body near the tail-root quarter chord,
a normal end e longitudinal accelerometer near the wing-root quarter
chord, and a standard NACA vaene-type angle-of-attack indicator sting-
mounted ehead of the nose. Transverse accelerometers were installed
near the wing-root quarter chord on the tail-off model and the model
with iy = 0°. A rocket-chamber pressure pickup for use in determining

sustainer-rocket thrust was incorporated in the model haviﬁg iy = -1.5°.

All normsel and transverse accelerometers had natural frequencies of the
order of 75 to 100 cps and 50 to 70 percent critical damping.

TESTS

Ground Tests

Static firing tests of one sustainer-rocket motor were conducted to
determine the thrust and the approximaste contribution of the thrust to
the normasl scceleration due to the inclined thrust axis.

Shake tests of each model were conducted to determine natural fre-
quencies and modes of vibration. The results of these tests are presented
in teble I. The intermediate wing frequencies were recorded by the accel-
erometers I1n shake tests of all models but the mode shape was identified
only on the tail-off model. '

Flight Tests

Models having horizontal talls were accelerated rapidly to approxi-
mately M = 0.85 by external booster-rocket motors, and after booster
separation were accelerated to approximestely M = 1.4 by the internal
sustainer-rocket motors. The tall-off model was accelerated to approxi-
mately M = 1.5 by a 6-inch ABL Deacon rocket motor and was then allowed
to coast to approximately M = 0.9 before the sustainer rocket fired and
accelerated the model to approximetely M = 1.4. Only the data from the
coasting portions of this flight are presented, and, where applicsasble,
the proper sltitude ranges for each coast period are indicated by the
symbols h,; and hp. Accelerations, angle of attack, and, in one case,

rocket -chamber pressure were transmitted to the ground and recorded by
using the standard NACA telemetering system. Velocitles were obtained

by using a CW Doppler radar set, flight-path data by using NACA modified
SCR 584 tracking redar, and rolling velocity by using a spinsonde recorder

COlRBRRRpE .
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and the telemeter antenna. Atmospheric data were obtalined from radio-
sondes released elther just before or just after each flight. These
tests were conducted at the Langley Pilotless Aircraft Research Station
at Wallops Island, Va. The scale of these tests is shown 1in figure 5
as the variation of Reynolds number, based on the wing mean aserodynamic
chord of 1.348 feet, with Mach number for the coasting portions of each
flight. The variation of free-~stream dynamic pressure with Mach number
for each flight is shown in figure 6.

Accuracy

The msximum probable systemastic errors in absolute values of a,
Cx, Cy, and Cp due to instrument calibration ranges are sumarized as

follows:

M=10.8 M=1.2

Ay G8Z ¢ v & o o o 4 4 4 4 s e e et e e e e e 0.5 0.5
O « @ o v o o o o e o o m e e e e e e e e .02 t.o1
Cy « @ o o o o o e o ot i et e t.02 *.01
CD ¢ ¢ = o o a o o o o o o b 4 o a a e a e t.o1 t.005

Based on the width of the recorded accelerometer traces and the
calibration data for the individual instruments, it 1s estimated that
the average minimum buffet amplitude which could be identified in these
tests was approximately ¥0.05g. Mach numbers are estimated to be accu-
rate within spproximately 1 percent at supersonic speeds and 2 percent
at subsonlc speeds. Some unidentified vibrations were recorded below
this level but have not been considered to be buffeting in the analysis
of these tests. The values of Ag due to buffeting presented herein
are the measured values of Ag corrected by amplitude response factors
ranging from extremes of 0.5 to 1.1 In accordance with the buffet fre-
guencies encountered and the damping characterlstics of the individusl
accelerometer-recorder systems. Values of Ag due to buffeting have not
been corrected for differences in model weights.

RESULTS AND DISCUSSION

Results obtained from flight tests of two buffet-research models
having 45° sweptback tail surfaces located in the chord plane of 45°
sweptback wings are presented herein for & Mach number range from approxi-
mately 0.7 to 1.4 and are compared with results from tests of a similar

CRliEhiii.
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model having no horizontal tail. The expressions "tail on" and "tail off"
ag used herein refer only to the horizontal-tail surfaces. ' All coeffi-
clents are based on the total wing area and wing span. ’

Trim

The trim characteristics of each model are shown in figures T to 10
as the variation of angle of attack  a, normal-force coefficient Cys
slde-force coefficlent Cy, and wing-tip helix angle pb/EV with Mach
number. Trim o eand trim Oy are shown for both power-on and power-off
flight for the tail-on models to show the effects of the inelined thrust
axis. Longitudinal trim characteristics of the tail-off model were almost
identical for both cod@sting portions of flight; hence, only one trim curve
is shown. Both tail-on models experienced longitudinal trim changes as

the Mach number increased from approximately 0.9% to 0.98 (figs. 7 and 8),
but no transonic trim changes were experienced by the tail-off model.

Trim side-force coefficients, figure 9, indicate that no large
lateral trim changes were encountered by either of the modéls tested
although addition of the horizontal tail sppedrs to have produced some
small irregularities in Cy between Mach numbers of approximntely 0.95
and 1.0. Wing-tip helix angles, figure 10, indicate that no wing dropping
was experienced by any of the models tested.

Buffeting

Short portions of the telemeter records of normal accelerations for
the tail-off model and the model having i, = 0° are shown in figure 11
to illustrate the random character of the buffet osclllations recorded
in these tests. Buffeting was encountered by all models &t trim condi-
tions in both power-on and power-off flight over the complete test Mech
number range from approximately 0.7 to 1.k. Power-on buffet intensities,
however, are not presented because the contribution of the sustainer-
rocket-motor shaking to the recorded amplitudes 1s not known. Buffet
intensities measured in both the normel and transverse plaenes during
coasting flight are presented in figures 12 and 13 gs the increment of
acceleration due to buffeting, corrected for amplitude response, plotted
against Mach number., Buffet intensities are shown as valudes of Ag
rather than as coefficients because of the dif'ficulty of relating them
to any one surface. Random vibrations were recorded for gll models
between Mach numbers of approximately 0.6 and 0.7, but are not presented
because the amplitudes were of the same order of magnitude as the esti-
mated minimum intensity which could be identified as buffeting.

Gl—
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The buffeting, indicated by the accelerometer near the wing root,
which was encountered by the tail-off model at transonlc speeds was only
about half the magnitude of Aan measured on the tail-on models. At

supersonic speeds, the buffeting encountered by the tail-off model and the
tall-on model with iy = 0° was of about the same magnitude. The buffet

data obtained at supersonic speeds for the model having i. = -1.5° is
believed insufficient for adequate comparison or analysis. Buffet fre-
quencies experienced by &1l models corresponded to structural frequencies
of the models, but the intermediate wing bending frequency was predominant.

The buffeting encountered in these tests 1s consldered very mild
since the wing loading of the models was only about 20 lb/sq ft. However,
at 1ift coefficients required for effective operation of a full-scale air-
plane, these Iintensities might be multiplied severzl times. The estimated
value of CNd for these models is approximately 0.055 at M = 1.k and 0.08

at M = 0.8.

Little significance is placed on the buffet intensities recorded in
the transverse plane, figure 15, because it is not known whether these
vibrations were due to aerodynsmically induced loads in this plane or to
structural vibrations induced by buffeting in the normal plane.

The buffet intensity at transonic speeds, as indicated by the wing-
root accelerometers, was increased appreciably by the presence of the
horizontal tail (fig. 12). Since buffeting occurred on the tail-off
model, it appears that the primary buffeting occurred ghead of the tall
surfaces and was amplified by the taill operating in the wing weke at tran-
sonic speeds.

Date from references 1 and 2 Iindicate that T-percent-thick surfaces
swept back 450 probably would not experience low-lift buffeting. Refer-
ence 3 indicates that even much thicker surfaces should not experience
low-1ift buffeting above approximately M = 1.0. Thus, it 1s believed
unlikely that the buffeting encountered in the present tests was due
only to thickness of the lifting surfaces.

Reference &4t shows pressure pulsations, believed to be indications
of buffeting, on & two-dimensional NACA 6LAOCO6 airfoil section at low
1ift coefficients from epproximately M = 0.5 +o the test limit near
M =1.0. These pulsations were more severe and covered a wider Mach num-
ber range than similar pulsations on an NACA 65A006 ‘airfoil section.
Thus, it appears that the 6hA-series airfoll sectlions used in the present
tests may have worse buffeting characteristics than the 65A-series air-
foil sections of the free-flight tests of references 1 to 3. Although
it does not seem probable that low-1ift buffeting due to section charac-
teristics would extend much sbove M = 1.0 (refs. 1, 3, and 4), it can-
not be definitely stated at this time that the buffeting encountered in
the present tests was not due to sirfoll-sectlon characteristics.
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As previously stated, the predominant buffet frequency encountered
by all models corresponds to the intermediate wing bending fregquency.
This frequency, see table I, represents a mode of vibration in which the
only node lines are located outboard of the 0.5 wing semispan and the
body is at the position of maximum wing deflections. Thus, small forces .
on or near the body or on the wing tip could readily excite vibratilons
in this mode, and accelerometers in the body would measure the accelera-
tlons resulting from the vertical movement of the body. Ordinarily, when
buffeting is induced by airfoil-section characteristies, the region of
separated flow over the surface is falrly extensive and excites a first
bending structural mode. The fact that this intermediate mode was excited
indicates that the disturbance was probably on or near the wing-body Jjunc-
ture. It is thought that an interference separation phenomenon may exist
in this region as a result of the maximum thickness of the wing root lying
very close to the maximm body dismeter.

It 1s believed, therefore, that the buffeting encountered in the
present tests was probably caused by interference at the wing-body junc-
ture, and that this buffeting was amplified at transonic speeds by the
horizontal tail operating in the wing wake. Data from these tests, how-
ever, are insufficient to determine the characteristics of a tail oper-
ating in the wake of an aerodynamically clean wing-body combination.

Unidentified Vibration

An extremely large emplitude vibration of regular nature occurred
during supersonic coasting flight of the model having i, = -1.5° at N .
frequencies which varied from approximately 170 cps at M = 1.4 +to
approximetely 140 cps at M = 1.0. This vibration was recorded by both
normal accelerometers and by the angle-of-attack indicator, but has not
been identifled and did not occur on either of the other two similar
models. Note, however, that this model had a considerably lower wing-
. second-bending frequency than either of the other models, table I. It
is felt that the large emplitude vibretion experienced 1n this test was
some nondestructive flutter mode.

Static Directionsl Stability

Static-directional-stability derivatives CnB were calculated from

rendom small yawing oscillations of the test models and are plotted
egainst Mach number in figure 14. A decrease in stebility with Mach
number at supersonic speeds is indicated.
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Drag

Total drag coefficients for the tail-off model and for the model
having it = O° are plotted in figure 15 against Mach number. Alsoc
shown for comparison 1s the drag-coefficient curve for the basic body
alone as estimated from the data of reference 5. It may be seen that
the addition of the wings of the present tests to the basic body reduced
the drag-rise Mach number spproximately 0.05. Supersonic drag coeffi-
cients for the tail-on model were approximately 10 percent greater than
those for the tall-off model.

The longitudinal distribution of cross-sectional area of these
models is shown nondimensionally in figure 2 as the area at & given sta-
tion divided by the square of the body length plotted agalnst body sta-
tlon. It is of interest to note that the ratio of the drag rise with
tail off to the drag rise with tail on is almost identical to the ratio
of the maximum value of A/L2 at the tail.

CONCLUDING REMARKS

Flight tests have been made of two rocket-propelled buffet-research
models having 45° sweptback tail surfaces mounted on parabolic bodies in
the chord plane of 45° sweptback wings and of one similar model with no
horizontal-tail surfaces. The results indicete that low-1ift buffeting
was induced over a wide range of subsonic, transonic, and supersonic
Mach numbers, probably as a result of wing-body interference when the
wing maximum thilckness was located near the maximum body diameter. This
buffeting was apparently emplified at transonic speeds by the horizontal
tail operating in the wing wake. A longltudinal trim change was experi-

enced by the tail-on models at transonic speeds, but no large lateral trim

changes and no wing dropping were indlcated.

Langley Aeronautical Laborastory,
Netlonal Advisory Committee for Aeronautices,
Langley Field, Va., August 26, 1953.
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TABLE T

NATURAL FREQUENCIES AND MODE SHAPES CF MODELS

[Grou.nd-—aha.ke test results]

Plrst Becond First Second | Intermediate
wing wing Wing tail tail wing
Model bending,| bending torsion, |bending,|bending,| bending,
cps cpa eps cps cps cps |
- e - ~ : :~ - > fc"-‘\. F
Tail off . . . . . . 62 222 316 90 to 120
P N - 210 500 126 195 | 9 to 112
f,=-15% . .. .. 62 143 305 135 250 92 to 115
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75.19
16, 25—~
Maximum diameter V :
7.80
! w__4Z< 2.88

52,50
13.13

All surfaces:

Aspeet ratio. ., . ... ... 3.566
Teper ratio .., . ...,... 0.3
Sweepback, 0.2be .. ... .. 459
Airfoil section,

streamwise , . . , . ., NACA 644007

Wing ares, total, sq ft,, .. 5.38

Tail area, totel each plens,

sq ft. ,

Figure 1.- Principal dimensions and geometric characteristics of test
models, All dimensions are in inches,
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Figure 2.~ Longitudinal distribution of cross-gectional area.
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L-76870.1

Figure 3.- Photograph of complete configuration.
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L-78389,1
Figure 4.- Photograph of tail-off model-booster combination on lsuncher.
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Figure 5.~ Variation of Reynolds number, baseéd on wing mean sercdynamic
chord, with Mach number.
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1
Tall off
a, deg
0
Power off
-1
«7 .8 9 1.0 1.1 1.2 1.3 1.4 l.5
M
1 |
Power?’\ 1,=0°
Thrust inclined —2° ~\--~N“--‘~ t
a, deg | —
° |
Power off .
]
-1 |
o7 .8 ] l.0 l.1 1.2 1.3 1.4 1.6
n —
3
Power on -
Thrust inclined —2©
2 \\\
a, deg _____———————4 N
Power off
1
\ o
0 |
o7 +8 9 1.0 1.1 1.2 1.3 1.4 1.5
M

Figure T7.- Variation of trim angle of attack with Mach number.
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- 1
Tall off
CN 0 ——#7 —ﬁ=‘__—_
Power off
™ l
o7 .8 «9 1.0 l.1 1.2 1.3 l.4 1.5
M
'2
it=0°
Power on
Thrust inclined —2°
o1
|
\
0
Power off
™ l
o7 .8 «9 1.0 l.1 1.2 1.3 l.4 1.5
M
3
N ] 1,=-1.5°
Power on
o Thrust inclined —2°
c N\
N \\\\\\\h
L ] \
P £r
ower o \\\
o I
o7 -8 «9 1.0 l.1 1.2 1.3 l.4 1.5
M

Figure 8.- Variation of trim normal-force coefficient with Mach number.
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. 1 -
Tail off
Cy 0
e 1
o7 «8 .9 1.0 1.1 1.2 1.3 1.4 1.5
M
i
1,=0°
t
Cy O m—
e 1
7T .8 8 1.0 1.1 l.2 1.3 1.4 1.5
M
1
it=_l . 5°
__
-1 ]
7 8 9 l.0 1.1 1.2 1.3 l.4 1.5
M

Figure 9.- Variation of trim side-force coefficient with Mach number

during power-off flight.
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Tall off
g% o}
.02
o7 -8 9 1.0 1.1 1.2 1.3 l.4 1.5
M
.02 5
14=0
52 0
v
—.02 .
7 8 .9 1.0 1.1 1.2 1.3 l.4 1.5
X
.02 o
it=_l.5
B oo — |
_.02 l
o7 -8 9 1.0 1.1 1.2 1.3 1.4 1.5
M

Figure 10.- Variation of wing-tip helix angle with Mach nunber during

power-off flight.
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Figure 11.- Portions of telemeter records of normal acceleration during
buffeting.
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.8
Tail off
Aan -4
0]
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] O e 3y
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o B
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o
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n &) o ©o O ° ada -
0] O on 18
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M
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a O Measured near tall root
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8 oscillation EF
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Figure 12.- Variation of normsl buffet intensity with Mach number during
power-off flight at a wing loeding of approximately 20 lb/sq ft.
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Figure 13.- Variation of transverse buffet intensity with Mach number
during power-off flight.
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Figure 1L.- Variation of statlic directionel stabllity with Mach number

during power-off flight.
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Figure 15.- Variation of drag coefflelent, based on total wing area, with

Mach pumber.
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ERRATA NO. 1
“ NACA RM I53110
FLIGHT TEST RESULTS OF ROCKET-PROPELLED BU'FZFET—RFSEARCH
MODELS HAVING 45° SWEPTBACK WINGS AND 45° SWEPTRACK
TATLS LOCATED IN THE WING CHORD PLANE
By Homer P. Mason

November 4, 1953

Page 26: Figure 15 should be replaced by the following revised figure 15.
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Figure 15.~Varlation of drag coeffliclent, based on total wing area,
with Mach number.
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