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AN APPLICATION OF THE ROCKET-PROPELLED-MODEL TECHNIQUE TO
THE INVESTIGATION OF LOW-LIFT BUFFETING AND
THE RESULTS OF PRELIMINARY TESTS

By Homer P. Mason and William N. Gardner
SUMMARY

The rocket-propelled-model technique hes been applied to the
investigation of low-1lift buffeting. Results of preliminary tests show
that severe buffeting, wing dropping, and normal-force changes occur
almost simultaneously near zero 1lift over a Mach number range near 0.9 on
unswept wings 12 percent thick. On unswept wings T percent thick,
buffeting did not occur; however, mild wing droppling and normal—force
changes were experilenced. .

INTRODUCTION

The low-1ift high-speed buffet characteristics of modern aircraft
have been of major importance for some time. Flight tests have been
conducted to define these characteristics in the form of buffet bounda-
ries. These boundaries usually are presented in terms of the 1ift coef-
ficient, as a function of Mach number, at which the pilot or an acceler-
ometer first senses the buffet oscillation. Some tests and buffet
boundaries thus determined are described in references 1 to 3.

A study of avallable buffet date indicates that ir most cases the
boundaries may be extended to zero 1ift at high subsonic Mach numbers.
A simple gzero-1ift rocket-propelled research model has been developed
to study the mechanics of this phenomenon as it is affected by such fac-
tors as wing section, sweepback, and tail junctures. The purpose of this
paper is to illustrate the application of this technique to the investi-
gation of low-lift buffeting and to present the data obtained from Fflight
tests of three models,
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SYMBOLS '~
c wing chord
R " Reynolds number, based on mean aercdynamic chord
M free-stream Mach number
i) rolling velocity, radians per second
v free-stream velocity, feet per second
b wing span, feet
pb/2V trim wing-tip helix angle, radians
a free-stream dynamic pressure, pounds per square foot - =
S wing arese (total in one plane), square feet
N *  "normal force, pounds
CNipoim trim normel-force coefficient (N/gS)
D drag, pounds )
Cp total drag coefficient (D/qS)
Pg local static pressure, pounds per square foot
Py free~gstream statlc pressure, pounds per square foot
P pressure coefficient (Egiiifka
Subscripts:
2,3 indicate orifice at which pressure coefficient was determined

TECHNIQUE AND TESTS

Anslysis of previous buffet research data (refs. 1 to k) leads to
the conclusion that high-speed low-1ift buffeting is a result of
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shock~induced flow separation. Since this type of flow separation mey
occur near zero lift (refs. 2 and 5) and is primarily e function of
thickness ratio and surface contour, buffeting may occur at zero 1ift
on either a wing, tail, or body, or at the juncture of two aerodynamic
surfaces. Thus, the presence of an aerodynamic surface in a disturbed
wake is not essential for this type of buffeting. The rocket-propelled-
model technique offers a relatively simple method for the investigation
of this type of buffeting through measurements of normal sccelerations
and vibration frequencies in free flight of simple research vehicles
utilizing wings having various geometric charsascteristics.

Test Vehicle

A parsbolic body of revolution having e fineness ratio of 10, maxi-
mum diameter at the 50-percent body station, and base dlameter 0.38h mexi-
mum dlameter was chosen because of its near optimum drag characteristics
and aerodynamic cleanness (ref. 6). A special nozzle, designed to pro-
vide an essentislly straight jet, was installed to minimize any induced
flow disturbances due to the sustainer rocket motor. Test wings having
aspect ratio %, taper ratio 0.5, NACA 65A airfoll sections, and zero
sweep at the 60-percent chord were mounted in & cruciform tail arrange-
ment with the intersection of the 25-percent chord line and the body
centerline at the 80-percent body statlon. At this body station the
wing span was gpproximately 5.3 body diameters. General speclifications
of the test configuration are shown in figure 1.

Instrumentation

Two accelerometers were located iIn the body at the 25-percent chord
of the test wings and another was located in the nose section at the
37.5-percent body station 1o measure the buffet frequencies and magni-
tudes normal to one of two sets of T-percent-thick wings on one model
and normal to the l2-percent~thick wings of another model having both
T- and l2-percent-thick wings. Absolute body pressures were measured
on a plane midway between the wings at the 50.5-, 83.3-, 90.5-, and
96-percent body stations on a third model which had 6-percent-thick
wings. Longitudinal accelerometers were used to messure the drag of
the complete configurations. Accelerometer and pressure messurements
were transmitted to the ground station during flight by means of the
NACA telemetering system. Velocity asnd flight-path data were obtained
from Doppler end tracking radar. Roll data were obtained from spinsonde
recorders and gtmospheric data were obtained from radiosondes released
after each flight.
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Tests

Three models were tested to determine whether this technigue is
adequate -for measuring or sensing buffeting, whether any buffeting
experienced could be attributed to a single variable (in this case,
wing thickness), and whether there were any induced flow disturbances
due to the sustalner-rocket-motor Jet. One model incorporated an
NACA 65A007 (approx.) airfoil section parallel tc free stream on all
four wings. The second model hed NACA 653A012 airfoil sections on the
wings in one plane and 65A007 (approx.) airfoil sections on the wings
in the other plane. The third model had NACA 65A006 airfoll sections
on all four wings. - All wings were- of wood-core construction with sur-
face inlays and trailing-edge Inserts of aluminum alloy.

Flutter speeds were estlmated for all wings and found to be well
above the maximum flight speeds. The first-bending natural freguency
of all wings wag me&sured prior to £light tests and found to be of the
order of 100 ta 110 cycles per second. The natursl frequency of a
typical accelerométe¥ used was approximately T5 cycles per second, It
has been shown that accelercmeters of the type used are capable of
followlng wing osclllations of 250 cycles per sécond or higher, although
the amplitude response 1s reduced at frequencles much gbove the instru-
ment natural frequency. Models were accelerated to a Mach number of
approximately 0.8 by a 5-inch high-performence booster and, after booster
separation, the models were accelerated slowly (approximately 0.15 Mach
number per second) to & maximum Mach number of approximately 1.4t by a
built-in sustainer rocket motor. Data were obtained contlinuocusly through-
out the entire flight of each model. Photographs of the general model
configuration and one model-booster combinstion are shown in figures 2
and 3, respectively. Test Reyholds numbers based on the wing mean
aerodynamic chord of 0.619 foot are shown in figure 4 as a function of
Mach number. :

Flight tests were conducted at the Langley Pllotless Alrcraft
Research Station at Wallops Island, Va.
RESULTS AND DISCUSSION
Buffeting
A reproductlon of the actual asccelerometer records obtalned from
the flight of the model having l2-percent-thick wings 1s shown in fig-
ure 5 for the complete range of low-lift buffeting. Low-lift buffeting

occurred between Mach numbers of 0.85 and 0.97 during accelerating flight
and 0.97 and 0.88 during decelerating flight. These Mach numbers define
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the points at which a definite increase in the intensity of the oscil-
lating accelerometer trace can be detected and may or may not define

the actual boundary for initisl buffeting. No explanation 1s available |
for the fact that the low Mach number boundaries are not coincident
during accelerating and decelerating flight. The recorded buffet fre-
quency was approximastely 120 cycles per second which is of the same
order as the wing first-bending naturael frequency. The maximum ampli-
tude of the buffet oscillation was approximately *2.5g which cerresponds
to a variation of normal-force coefficient of approximately *0.10, Thils
amplitude would be considered severe since the wing loading of the test
vehicle was of the order of 50 pounds per square foot. Even though the
recorded buffet oscillations are irregular in both frequency and ampli-
tude (fig. 5), there is a gradual builld-up to a maximum intensity fol-
lowed by a gradual decrease of intensity as the buffet Mach number region
is traversed. '

Accelerometer records obtained from the flight of the model having
T-percent-thick wings were consistently smooth throughout the entire
speed range of the test and gave no indication of the occurrence of
buffeting. The model having 6-percent-thick wings had no normal acceler-
ometer; hence, no direct buffet data are availeble. Pressure measure-
ments on this model: indicated no Jet-induced flow disturbances.

In comparing these buffet dats with those presented in reference 1,
it is noted that the Mach number at which buffeting occurred on the
l2-percent-thick wing agrees with previous experience; however, no
buffeting was indicated for the T-percent-thick wing which 1s above the
airfoil thickness ratio - Mach number boundary shown in reference 1.

In this reference, however, it should be noted that the thinnest smooth-
contoured wing on which buffeting was encountered was 8 percent thick;
hence, the absence of buffeting on the T-percent-thick wing in the
present test must be considered as additional, rather than contradictory,
data, since no test data on T-percent-thick wlngs were shown in
reference 1.

On the basis of the data obtained from the present tests and their
correlation wilth previously determined data, it may be concluded that
the rocket-propelled-model technique 18 adequate for the qualitative
investigation of buffet phenomenon.

Wing Dropping

The trim wing-tip helix angles pb/2V for all models are plotted
against Mach number in figure 6. These data show severe wing dropping
of the l2-percent-thick wing and mild wing dropping of the 6- and
T-percent~thick wings. Wing dropping on the 1l2-percent-thick wing
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occurred at a Mach number of 0.88 which is above the wing-dropping
airfoil-thickness-ratioc boundary presented in reference 1. For the

6- and T-percent-thick wings, wing droppilng otcurred at a Mach number
of .0.89 which is below the reference boundary. These deta lend emphasis
to the idea advenced in reference 1 that wing thickness and contour
apparently are not the only factors influencing wing dropping. Wing
dropping was not experienced on the unswept G-percent-thick smooth-
contour wings of references 1 and T. The wings of references 1 and T
were mounted on a cylindrical body, whereas in the present tests, the
wings were mounted on a parabolic body. This fact may indicate that
interference effects are an influencing factor in causing wing dropping.
Although it is felt by some suthors that wing dropping may be induced by
a change in effective dihedrel with Mach number (ref. 8), it is believed
that any such effects are negligible for the symmetrical configurations
of the present tesis._

Figure 7 1s a plot of the variation of pressure coefficient with
Mach number as determined from the four body pressure orifices on the
6-percent-thick-wing model. These data show large and rapid pressure
changes at the two orifices located nearest the wings, particularly
over the Mach number range where wing dropping was experienced. As
noted in figure 7, orifice number 3 is located at the 83.3-percent body
station which is slightly behind the wing maximum thickness, and orifice
number 2 1s located at the 90.5-percent body station which is slightly
behind the wing trailling edge. Filgure 8 is a plot agailnst Mach number
of the variation of the pressure-coefficient gradient between orifice
number 3 and orifice gumher 2. The data show a very rapid change in
gradient from g high positive value to a high negative wvalue over the
Mach number range where wlng dropping was experienced.. This rgpid change
in pressure gradient would gseem to accentuste unsymmetrical flow condi-
tions resulting in marked changes in unsymmetrical 1ift loads on opposite
panels and a rolling moment and would thus contribute to the wing-dropping
phenomenon. )

The Mach numbers at which the low-11ft buffet-intensity rise occurred
on the l2-percent-thick wing are also shown in figure 6. A close rela-
tionship between wing dropping and buffeting is immediately apparent,
in that the M=ch number range over which wing dropping occurs is practi-
cally the samé as the buffet Mach number range. No explanation can be
given at this time for the fact that-—buffeting did not occur on the
T-percent-thick wings over the Mach number range where wing dropping
occurred; however, the wing dropping on this model was comparatively
mild and this fact would indicate that a more severe flow disturbance
is required to produce low-1ift buffeting than 1s required to produce
wing dropping on unswept wings having thickness ratios near 7T percent.
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Trim Normal Force

The variation of trim normal-force coefficient CNipip, Wwith Mach

number is shown in figure ¢ for models having T- and l2-percent-thick
wings. These trim normel-force coefficients were calculated from the
mean normal acceleration determined from the 3 accelerometers in each
model and are based on the total area in one plane. Again, the Mach
numbers at which buffeting started end stopped on the 12-percent-thick
wing are shown for comparison., As was the case for wing dropping, the
change in itrim normal force on the model with l2-percent-thick wings

was considerably greater than on the model having T-percent-thick wings.
As would be éXxpected, the Mach numbers at which changes in trim normsl
Torce occur correspond to the Mach numbers at which wing dropping was
experienced. These tests then concluslvely show that changes in trim .
normal force and wing dropping are two different effects of ore phenome-
non which is a change in 1lift on a wing panel. The sense of this change
in 1ift is apparently arbitrary and unsymmetrical, but the change in
1ift undoubtedly is due to a shock-induced flow change behind the maxi-
mum thickness of the aerodynamic surface (ref. 9). This flow change is
also responsible for low-lift buffeting; however, for essentially unswept
wings with smooth contours and thickness ratios of the order of T percent
or less, the flow disturbance is not severe enough to cause buffeting
near zerc 1ift. '

Drag

Power-off drag coefficients, based on total wing ares in one plane,
are shown in figure 10 for all models., The model having 1l2-percent-
thick wings also had two T-percent-thick wings; thus, the drag difference
shown is due only to the increased thickness of two of the four wing
panels., The drag rise occurred at Mach numbers of spproximately 0.85
for the l2-percent-thick wings and approximately 0.88 for the 6-percent-
thick wings. These Mach numbers correspond to the Mach numbers at which
wing dropping and the change in trim normsl-force coefficient occurred.

CONCLUDING REMARKS

The rocket-propelled-model technique has been applied to the inves-
tigation of low-1lift buffeting. The results of three preliminary tests
utilizing this technigue show that buffeting, wing dropping, and normal-
force changes occur almost simultaneously near zero 1ift in the Mach
nurber range from 0.85 to 0.97 on a model equipped with an unswept wing
12 percent thick. On a similar model with T-percent-thick wings, mild
wing dropping and normal-force changes occur simultaneously over a Mach
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number range from 0.89 to 0.94%, but the flow changes causing these phe-
nomens are not seveére enough to cause buffeting at zero lift. Wing
dropping and changes in trim normal force are two different effects of
a change In 1ift on a wing panel and may be influenced by interference
effects. Buffeting at near zero lift may be expected to accompany these
changes on unswept wings over 7 percent thick.

Langley Aeronautilcal Laboratory,
National Advisory Committee for Aeronsutics,
Langley Fleld, Va.
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