O
(See)

SRONPIDERCTIR e Loy

RM H5410

o

NACA RM H541.03

RESEARCH MEMORANDUM

FLIGHT MEASUREMENTS AT TRANSONIC SPEEDS OF THE BUFFETING
CHARACTERISTICS OF THE XF-92A DELTA-WING
RESEARCH AIRPLANE
By Thomas F. Baker and Wallace E. Johnson

':CT’TPIED
wepp TO UNCLASE =
CLAS&IFI.CATION CHAYCED

{ , .\30 3 ‘ll
AL }': 'L:- - ;; a LA 5 i ‘\R i . |
8 4 : | |

J 10
EFFECTIVE DATE: JANUARY Vs

CLASSIFIED DOCUMENT
This material contains information affecting the National Defense of the United States within the meaning

of the esplonage laws, Title 18, U.S.C., Secs. 793 and 784, the transmission or revelation of which in any
manner to an unauthorized person is prohibited by law,

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 28, 1955







NACA RM H54LO3 CONFIDENTTIAL

\ NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGHT MEASUREMENTS AT TRANSONIC SPEEDS OF THE BUFFETING
CHARACTERISTICS OF THE XF-92A DELTA-WING
RESEARCH ATRPLANE

By Thomas F. Baker and Wallace E. Johnson

SUMMARY

The 60° delta-wing XF-92A airplane has attained normal-force coeffi-
cients on the order of 0.7 in the Mach number range from 0.6 to 0.9,
numbers up to 1.0l have been attained during dives at lower lifts.
present tests, measurements were made of buffet-induced fluctuations in
normal acceleration at the airplane center of gravity and of fluctuations
in structural shear load of the left wing. The altitude range of the

f investigation varied from 25,000 to 38,000 feet.

\ Buffeting was experienced at normal-force coefficients on the order
‘ of 0.2 at Mach numbers up to 0.88 but existed at normal-force coefficients
1 less than 0.1 at Mach numbers between 0.9 and 0.96. Buffeting was not

‘ encountered at Mach numbers between 0.96 and 1.01 at low lifts.

At the altitudes of the present investigation, the buffeting encoun-
tered below the reduction in stability boundary was barely noticed by the
pilot. Above the reduction in stability boundary the pilot described the
buffeting as "moderate," but in comparison with the stability difficulties
experienced by the airplane, the buffeting was not considered a problem.
In general, the variation of buffet intensity with Mach number and 1ift is
similar to that of other fighter-type airplanes except that the various
levels of buffet intensity occur at lower values of 1lift and angle of
attack. At a dynamic pressure of 300 pounds per square foot the peak
values of wing buffet loads approached 10 percent of the estimated design
limit load and below a normal-force coefficient of 0.6 the wing buffet

loads approached 5 percent of the estimated design limit load.
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INTRODUCTION

The buffeting encountered by current airplanes can be objectionable
from both a structural and a handling-qualities standpoint and since the
exact mechanism of buffeting is as yet not fully understood, it is desir-
able to document, insofar as possible, the general buffeting character-
istics of various current airplane configurations. It is the purpose of
this paper to present the buffeting characteristics of the 60° delta-wing
XF-92A airplane, and to show the regions where the airplane encountered
buffeting and the degree of buffeting experienced. Measurements were made
of buffet-induced fluctuations in normal acceleration at the airplane cen-
ter of gravity and of fluctuations in structural shear load ofthe  lieft
wing. The data are presented for normal-force coefficients up to about
0.7 in the Mach number range from 0.6 to 0.9 and for lower normal-force
coefficients at Mach numbers up to 0.96.

The flight tests of the XF-92A airplane were conducted by the NACA
High-Speed Flight Station at Edwards, Calif. The results of various
other investigations of the flight characteristics of the XF-92A airplane
are reported in references 1 to 3.

SYMBOLS
CNA airplane normal-force coefficient, gg
c wing panel normal-force coefficient, ﬁjL
Ny Sy
g acceleration due to gravity, ft/sec2
hp pressure altitude, ft
M free-stream Mach number
M.A.C. mean aerodynamic chord, ft
NW aerodynamic normal force on wing panel, 1b
n airplane load factor
a dynamic pressure, 1b/ft2
S total wing area, £t2
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B¢

Subscripts:

max

CONFIDENTIAL 3
area of wing outboard of strain-gage station (fig. 3) and
herein defined as wing panel, ft2
structural shear load acting normal to wing panel
airplane weight, 1b

weight of left and right wing panels, 1b

angle of attack, deg

incremental fluctuation of normal acceleration at center
of gravity due to buffeting, tg units

incremental acceleration that would result from direct
action of twice the measured wing buffet load on a rigid
body of mass equal to that of the present airplane with-

out wings 20V
ngs, W-WW

coefficient of incremental normal acceleration due to

WAa,,
bufféting,  —

aS
coefficient of incremental structural shear load of the

wing panel AV
J qsw

incremental structural shear load normal to wing panel due
to buffeting, *lb

longitudinal control angle, deg

maximum

ATRPLANE

The Convair XF-92A is a single-place 60° delta-wing airplane powered
by a turbojet engine and afterburner. The airplane has a delta-shaped
vertical fin but no horizontal tail. Longitudinal and lateral control is
achieved by elevons which comprise the entire trailing edge of the wing.
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There are no leading- or trailing-edge slats or flaps, no wing fences,

and no dive brakes. A three-view drawing of the airplane is shown in

figure 1 and photographs of the airplane are presented in figure 2. E
Table I lists the physical characteristics of the airplane.

The construction of the airplane is conventional. The fuselage is
stressed-skin semi-monocoque with skin backed up by ring-shaped frames.
A1l fuel, test equipment, and instrumentation is carried within the fuse-
lage. The wing is of four-spar construction as shown in i ouretsiaEiihe
forward and main spars are continuous through the fuselage. The rear
spar is pin-jointed at the side of the fuselage. The ribs and lower skin
are cut out forward of the main spar for the landing-gear well. The
landing-gear support is attached directly to the fuselage structure and
only the up-lock is attached to the wing structure.

Resonant structural frequencies were obtained during ground vibration
tests of the airplane conducted by the manufacturer (ref. 4). The natural
structural frequencies and corresponding mode shapes of the wing were
determined for frequencies up to 50 cycles per second. During resonant
vibration, appreciable deformation of the wing occurred along chord lines
in addition to spanwise deformation. Sketches from reference 4 showing
the relative amplitudes of various points on the airplane for three fre-
quencies are reproduced in figures L(a) to 4(c). The wing and fuselage
node lines are shown in figure 4(d) for all of the wing resonant fre-
quencies determined during vibration tests.

INSTRUMENTATION AND ACCURACY

Instruments

The airplane was equipped with standard NACA recording instruments
for measuring airspeed, altitude, angle of attack, control-surface posi-
tion, pressure distribution on the left wing, and three components of
acceleration. In addition, motion pictures were taken of tufts glued
to a portion of the right wing. The airspeed head and angle-of-attack
vane were mounted on a nose boom projecting from the air inlet duct.
(See fig. 1.) Strain gages are installed at the roots of both wings
(fig. 3) to measure shear load, bending moment, and pitching moment. A
fluid-damped Statham accelerometer, maintained at a constant temperature
by a thermostatically controlled heating jacket, was installed near the
airplane center of gravity for measuring fluctuations in normal accel-
eration during buffeting. The strain gages and Statham accelerometer
were recorded on an 18-channel Consolidated recording oscillograph. All
instruments were synchronized by a common timer.
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Strain-Gage Calibration

The strain gages were calibrated in terms of shear, bending moment,
and pitching moment by applying concentrated static loads at numerous
points on the structure. By electrical combination of three shear-gage
bridges, located on the front, center, and rear wing spars, it was pos-
sible to obtain the shear load on the left wing panel from the output on a
single oscillograph channel such that

Structural shear load = 6,050 X Combined strain-gage output

During buffeting, incremental fluctuations in the output of the combined
shear gages are, accordingly, proportional to the fluctuations in struc-
tural shear load. The accuracy with which the constant of proportion-
ality (6,050) was determined during static calibration of the strain
gages is estimated cto be t5 percent.

Accuracy

The estimated accuracies of the quantities presented in this paper
are as follows:
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The airspeed installation was calibrated by using the radar phototheodo-
lite method of reference 5. The recorded angle of attack was corrected
for nose-boom bending (0.160 per g) but no corrections for vane floating,
upwash, or air loads on the boom were made. Fluctuating accelerations,
measured with the Statham accelerometer, were recorded flat (within t5 per-
cent) to 60 cycles per second. All strain-gage outputs were recorded flat
to at least 60 cycles per secénd.

TESTS

The data presented in this paper were taken during seven flights
made for the purpose of determining the longitudinal stability and damping
of the airplane. The flights consisted of dives to supersonic Mach num-
bers (Mmax ~~ l.Ol) and of turns initiated in the Mach number range from
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0.72 to 0.95. From these tests it was desired to determine the effect
of lift coefficient, angle of attack, and Mach number on the buffeting
of the airplane at 35,000 feet. However, because of low thrust and high
drag due to 1lift, large altitude losses were incurred during dives to
high Mach number and during turns in which the pilot attempted to hold
reasonably constant Mach number. In addition, the airplane encountered
a region of marked reduction in longitudinal stability at moderate ialagy
coefficients with the result that “pitch-ups" and pitching oscillations
within this region occurred. In order to obtain any data at moderate or
high lifts, it was necessary to utilize the data taken during essentially
uncontrolled maneuvers. However, data taken during periods of extreme
positive or negative pitching velocity are not presented herein.

Typical records taken during buffeting flight are reproduced in fig-
ure 5. The quantities shown on the oscillograph record are as follows:

Quantity Trace number
Shear, front spar Left wing ik
Shear, front spar Right wing 2
Shear, rear spar Right wing 5
Torque gage Right wing 4
Combined bending Left wing 5
Torque gage Left wing 6
Combined shear Right wing T
Shear, main spar Right wing 8
Combined bending Right wing 9
Shear, main spar Left wing 10
Combined shear ILeft wing 1k
Normal acceleration at center of gravity (Statham) 12

Normal acceleration indicated by a low-frequency air-damped acceler-
ometer is included in figure 5 to illustrate the low-frequency fluctuations
in acceleration. The magnitude of the buffeting indicated by this low-
frequency instrument was not evaluated. The values of buffet intensity
presented herein were determined by measuring the amplitudes of the fluc-
tuations of oscillograph channels 11 and 12 which measured left wing shear
and normal acceleration at the airplane center of gravity as indicated by
the Statham accelerometer, respectively. (Data obtained from the records
reproduced in figure 5 are presented subsequently in figure 8(a).)

All data were taken with the airplane in the clean condition (gear
retracted). Maximum 1lift as evidenced by a leveling or decrease in air-
plane normal-force coefficient with increase in angle of attack was not
attained. Actual test limits are shown in figure 6. Altitudes for the
tests varied from 38,000 to 25,000 feet. In order to minimize the effect
of altitude variation, it has been assumed herein that the magnitudes of
acceleration and load fluctuations are directly proportional to dynamic
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pressure. It should be noted, however, that some data have been presented
in reference 6 which indicate that buffet magnitudes may be more propor-
tional to the square root of dynamic pressure than to the first power.
Should the results of reference 6 be applicable to the present data, the
coefficients of buffet loads and accelerations presented herein would be
low by a factor of the square root of dynamic pressure.

RESULTS AND DISCUSSION

Buffet Boundary

The buffet boundary, the boundary for a reduction in longitudinal
stability (ref. 1), and the test limits of the present investigation are
shown in figure 6. Curves indicating the values of normal-force coeffi-
cient required for 1 g flight as altitudes of 25,000 and 40,000 feet are
also shown in figure 6(a) as a matter of interest.

The buffet boundary was determined by inspection of wing strain-gage
records and records of normal acceleration at the airplane center of
gravity. The onset of buffeting was taken as the first point at which
fluctuations of the photographic trace became apparent, or at which an
increase in the residual amplitude of the trace occurred, as 1ift was
increased or as speed was changed. The onset of buffeting, as indicated
by fluctuations in normal acceleration, and the onset of wing buffeting,
as indicated by wing spar stress fluctuations, occurred simultaneously.
For this airplane wing-panel normal-force coefficient CNW is essentially

equal to airplane normal-force coefficient CNA for values of CNA

less than 0.5. Accordingly, the buffet boundary presented in figure 6(a)
also describes the onset of wing buffeting in terms of wing-panel 1ift.

The onset of buffeting in the Mach number range from 0.6 to 0.88 is
attributed to the occurrence of leading-edge vortex-type flow at an angle
of attack of about 5°. This flow condition is described subsequently.

The abrupt decrease in the buffet boundary which occurs in the Mach num-
ber range from 0.88 to 0.93 probably results from shock-induced separation
over the trailing inboard part of the wing. Buffeting existed at the min-
imum values of normal-force coefficient attained (CNA ~ 0.07) in the Mach

number range from 0.93 to 0.96 but buffeting was not detected at Mach
numbers between 0.96 to 1.01 (Mmax)'

It should be noted that about 28 percent of the exposed wing area is
utilized for longitudinal control and trim. ZElevon deflection at the
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start of buffeting in the Mach number range from 0.6 to 0.9% was on the

order of %° to 4° up. At a Mach number of 0.96, elevon position varied

from 2° to 50 up. The effects of elevon deflection on the buffeting -
characteristics of the airplane are not known, however, except for the

reduction in lifting effectiveness of the wing which is estimated to be
equivalent to a decrement in CNA on the order of 0.05 at the buffet

boundary.

At the altitudes of the present investigation, the buffeting encoun-
tered below the reduction in stability boundary (fig. 6), was barely
noticed by the pilot. Above the reduction in stability boundary the air-
plane has severe pitch-up and longitudinal oscillatory characteristics
which are discussed in reference 1. The buffeting encountered by the air-
plane above the reduction in stability boundary is described by the pilot
as "moderate," but was not considered a problem in comparison with the
stability difficulties experienced by the airplane.

Wing Flow Conditions

Wing streamwise section lift coefficients (obtained from pressure-
distribution measurements) for five spanwise stations are presented in
figure 7(a) for a Mach number of 0.7. The progressive loss in section
1ift from the tip inboard as angle of attack increased is apparent.

Motion pictures of tufts on a portion of the wing and evidence of fluc-
tuations in the records of wing pressure at each orifice indicated, qual-
itatively, that, in the Mach number range from 0.6 to 0.93, flow separation
occurred over the wing tip at angles of attack on the order of 5° and
extended inboard along the leading edge and over an increasing area of

the tip as angle of attack increased. These flow characteristics are sim-
ilar to those described in reference 7 (low-speed tests of a mock-up of
the XF-92A airplane and referred to as the "NACA 65-series model" there-
in) in which evidence pointed to the existence of a separation vortex
along the leading edge of the wing. In the present tests, the shape of
the upper wing surface pressure distribution did not clearly define the
existence of a leading-edge vortex at low angles of attack. At high
angles of attack, the pressure distributions, of which figure T7(b) is
typical, exhibited a trough parallel to the leading edge. Such a trough
is considered characteristic of vortex-type flow.

At 1ift coefficients close to the buffet boundary in the Mach number
range from 0.87 to 0.92, pressure-distribution measurements indicated the
presence of a normal shock ahead of the elevon over the inboard 50 percent
of the wing, and tuft observations showed the flow to be disturbed over
the trailing inboard part of the wing. In the Mach number range from
0.92 to 0.96 at CNA ~ 0.9., the shock appeared to be located at the elevon -

hinge line. Above M =~ 0.97, the pressure-distribution data indicated that
the shock was at or near the trailing edge of the wing.
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Wing pressure distributions for the XF-92A airplane at low 1lift and
transonic speeds are presented in reference 2. The results of pressure-
distribution measurements at higher 1lifts are as yet unpublished.

Buffet Frequencies

The frequencies at which buffeting occurred were determined by visual
spot-check inspection of strain-gage and accelerometer outputs which were
photographically recorded as a function of time. (See fig. 5). The pre-
dominant amplitudes of acceleration fluctuations recorded by the Statham
accelerometer at the center of gravity occurred at frequencies on the
order of 60 and 100 cycles per second but at times these two frequencies
were superimposed on fluctuations of 14 to 15 cycles per second. Engine
vibrations at about 200 cycles per second were also picked up by the
Statham accelerometer with noticeable amplitude. A low-frequency air-
damped, normal accelerometer, also located at the airplane center of grav-
ity and which had negligible response to frequencies above 25 cycles per
second, indicated buffet-induced fluctuations of 14 to 15 cycles per sec-
ond. The combined strain gages, from which the increments in wing buffet
shear load were obtained, fluctuated with predominant amplitudes at fre-
quencies on the order of 26, 45, and 100 cycles per second. Fluctuations
in the outputs of individually recorded shear gages located at the roots
of the wing spars occurred at frequencies similar to the fluctuations in
the combined shear-gage output. Strain gages installed in the wing to
measure bending moment and torque responded at 14 to 15 cycles per second
and at about 45 cycles per second during buffeting. Frequencies of
60 cycles per second and higher were not observed in either the torque or
the bending-gage outputs.

No appreciable variation in buffet frequencies with aerodynamic con-
ditions was observed within the test limits of the present investigation.
The natural structural modes to which the predominant buffet frequencies
appeared to correspond were a symmetric mode of wing bending at 14.12 cycles
per second, and a mode of wing torsion. Three torsional modes are given in
reference 4, an antisymmetric mode at 45.1, a symmetric mode at 47.6, and
another antisymmetric mode at 48.3 cycles per second. The mode shapes for
the 14.12- and the 48.3-cycle-per-second modes were shown in figure L
together with the node lines for all of the wing natural frequencies. The
structural modes to which the 60- and 100-cycle-per-second buffet frequen-
cies correspond are unknown since the ground vibration tests extended only
to about 50 cycles per second.

Buffet Intensities

Typical values of the coefficient of incremental normél acceleration

AC as measured with the Statham accelerometer at the airplane center

an
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of gravity, and the coefficient of incremental structural wing shear
load ACV, together with some pertinent steady quantities, are presented

in figure 8 as a function of angle of attack. The data were taken during
three wind-up turns at Mach numbers of approximately 0.7, 0.85, and 0.9.

The buffet-intensity data, ACan and ACV, were determined by fairing

envelopes about the fluctuating accelerometer and strain-gage records and
measuring the amplitudes of the faired envelope each 0.1 second during
the maneuver. The envelopes were faired about the records without regard
for the frequency content of the record. The values of ACan and ACV

thus represent the resultant of acceleration or structural load fluctua-
tions from 14 to 100 cycles per second. The values of ACan shown in

figure 8 at angles of attack below the points indicated as "buffet onset"
result from the response of the accelerometer to engine vibration. Upper
limits are shown faired about the values of ACan and ACV in figure 8.

Such approximate limits are considered to describe the buffeting which,
in general, would be encountered during similar maneuvers. However, the
accuracy with which the buffet-intensity data presented herein, (which
were obtained during maneuvering flight) represent the buffet intensities
that would be encountered at some sustained 1lift coefficient, cannot be
estimated.

The intensity of the buffeting as measured with the Statham acceler-
ometer at the center of gravity ACan and as measured with strain gages

at the left wing root ACV is summarized in figures 9 and 10, respec-

tively. The buffet data presented in these figures were determined, for
the most part, from approximate limits faired about measured buffet inten-
sities as shown in figure 8. At the higher lifts, however, it was felt
that upper limits could not be accurately drawn and so some representa-

tive individual values of ACa and ACV have been included in figures 9
n

and 10 and are plotted with flagged symbols. No data were obtained below
a Mach number of 0.7 at moderate 1lift coefficients above the buffet bound-
ary. The data shown in figures 9 and 10 at high 1lift below M = 0.7 were
taken during essentially uncontrolled pitching oscillations following
turns initiated at Mach numbers on the order of 0.8.

In general, the variation of the buffet intensity measured at the
airplane center of gravity with Mach number and 1lift (fig. 9) is similar
to that of other fighter-type airplanes except that the various levels

et ACan occur at lower values of 1lift and angle of attack. Mach num-

ber appears to have small effect on the variation of ACan with 1ift and

angle of attack up to a Mach number of about 0.9. It should be noted that
the characteristic decrease and then increase with Mach number in the
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normal -force coefficients and angles of attack that define the buffet
boundary and the lower buffet intensities is confined to the small Mach
number range from 0.88 to 0.96.

The wing-panel buffet loads summarized in figure 10 have a generally
similar variation with Mach number and lift as the acceleration data of
figure 9. It should be realized that the values of AC are measurements
of the incremental structural shear load, and as such, are specific to this
airplane. Design wing limit load for the XF-92A is estimated to be on the
order of 28,000 pounds. For a dynamic pressure of 300 lb/sq ft, the data
of figure 10 show that below an airplane normal-force coefficient of 0.6,
the fluctuating wing buffet loads approached 5 percent of the estimated
design limit load and that the peak values of wing buffet load approached
10 percent of the estimated design limit load at higher 1lift coefficients.

The relation between incremental wing-panel load and incremental
acceleration at the airplane center of gravity is of interest since wing
buffeting would appear to be the major cause of fuselage vibration. Inves-
tigation of this relationship has, so far, been of very limited extent for
this airplane. The incremental acceleration Aa, at the airplane center

of gravity is plotted in figure 11 against the acceleration that would
result from the direct action of twice the measured wing buffet load on a
rigid body of mass equal to that of the present airplane without wings.
The data indicate that the center-of-gravity accelerations were from 1.7
to 3.5 times the accelerations that would result from direct action of
the buffet load.

Comparisons

The buffet boundary of the XF-92A is compared in figure 12 with the
wing buffet boundary of the X-5 airplane at 60° sweepback (ref. 8). It
may be seen that the buffet boundaries of the two airplanes are very simi-
lar except that the XF-92A experiences wing buffeting at angles of attack
on the order of 4° lower than the X-5 and normal-force coefficients on
the order of 0.2 lower than the X-5. The effect of buffeting on the maneu-
vering capabilities of the two airplanes is indicated by comparison of the
values of normal load factor at which buffeting occurs. It may be seen
in figure 12 that the early occurrence of buffeting for the XF-92A to some
extent offsets the benefits of the inherent low wing loading of the delta

wing.

Little data exist for comparison with the wing buffet loads presented
herein. Extensive measurements of wing buffet loads encountered during
stalls of a propeller-driven fighter-type airplane have been presented in
reference 6. It was found therein that during a stall of 5-second duration,
the maximum expected value of wing buffet load would be 12 percent of wing
structural shear load at limit load factor. The value of 10 percent of
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estimated design limit load found herein for the XF-92A maximum wing buf-
fet load cannot be directly compared with the data of reference 6 since
the XF-92A loads were measured under transient conditions and the data
of reference 6 were measured under steady conditions. It was also shown
in reference 6 that the maximum buffet load increased on the order of

10 percent from stalls of less than l-second duration to those of from
4- to 5-second duration. Accordingly, under steady conditions at high
1lift, the maximum values of XF-92A wing buffet load could approach 18 to
20 percent of estimated design limit load.

CONCLUDING REMARKS

The 60° delta-wing XF-92A airplane has attained normal-force coeffi-
cients on the order of 0.7 in the Mach number range from 0.6 to 0.9. Mach
numbers up to 1.0l have been attained during dives at lower 3l 1 i
the present tests, measurements were made of buffet-induced fluctuations
in normal acceleration at the airplane center of gravity and of fluctua-
tions in structural shear load of the left wing. The altitude range of
the investigation varied from 25,000 to 38,000 feet.

Buffeting was experienced at normal-force coefficients on the order
of 0.2 at Mach numbers up to 0.88 but existed at normal-force coefficients
less than 0.1 at Mach numbers between 0.9 and 0.96. Buffeting was not
encountered at Mach numbers between 0.96 and 1.0l at low lifts.

At the altitudes of the present investigation, the buffeting encoun-
tered below the reduction in stability boundary was barely noticed by the
pilot. Above the reduction in stability boundary the pilot described the
buffeting as "moderate," but in comparison with the stability difficulties
experienced by the airplane, the buffeting was not considered a problem.
In general, the variation of buffet intensity with Mach number and 1ift
is similar to that of other fighter-type airplanes except that the various
levels of buffet intensity occur at lower values of 1ift and angle of
attack. At a dynamic pressure of 300 pounds per square foot the peak
values of wing buffet loads approached 10 percent of the estimated design
limit load and below a normal-force coefficient of 0.6 the wing buffet
loads approached 5 percent of the estimated design limit load.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., November 15, 195k.
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE XF-92A ATRPLANE
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Figure 1.~ Three-view drawing of the XF-92A airplane. All dimensions
in inches.
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(b) Side view.

Figure 2.- Photographs of XF-92A airplane.
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Figure 3.- Main structural elements and strain-gage bridge locations.
XF-92A airplane left wing.
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Fuselage node line
(Horizontal plane)

Wing node line

(@) First symmetric wing bending.
(1412 cps)

Wing node line

(b) First antisymmetric wing bending.
(40.3 cps)

Figure 4.- Representative mode shapes and node lines during manufacturer's
ground vibration tests. XF-92A airplane.
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Fuselage node line
(Horizontal plane)

Wing node line

c) Second antisymmetric wing forsion.
- %V'mg torsiony(48.3 cps)
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(d) Wing and fuselage node lines.
(Horizontal plane)

Figure 4.- Concluded.

CONFIDENTIAL




TVILNHTCTIANOD

"l o | (1] Y & ibopia

| | ey 18 S L

l “.'v)‘..«v4-%4..#-("")*""!"."3*‘ 49 ' el l } J A ' ""*QT“‘J ‘ I
e b

_.;@A-w/.‘l".'ﬁ A i N4 ‘ } ‘ ' " ‘.‘

ML

= LELL THEL L Hllltll IIH U L THHTTE
I 5

x
@

b i ag
u ! : e, it L B X b
! [
% BT T ol
: ! i % i 9 J
‘ ki i B B Al /
et LLL L oot potals
i i g e b 2 o il e o
8 A\Mm

o Y

LOW-FREQUENCY ACCELEROMETER

o | 2 3 L 5 6 7 8

time,seconds

Figure 5.- Typical records taken during buffeting flight. XF-92A airplane.
M= 0.7; hp ~ 30,000 feet.
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(a) Variation with Mach number and normal-force coefficient.

Figure 6.- Buffet boundary, boundary for reduction in longitudinal stebility,
and test limits of the present investigation. XF-92A airplane.
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(b) Variation with Mach number and angle of attack.

Figure 6.- Concluded.
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(a) Variation of section lift coefficients with angle of attack.
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(b) Isometric view of typical upper surface pressure distribution.

Figure T.- Results of pressure measurements on left wing at a Mach number
of 0.7. XF-92A airplane.
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Figure 8.- Typical values of buffet intensity, ACan and ACy, together

with pertinent steady quantities taken during three wind-up turns.
XF-92A airplane.
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Figure 8.- Continued.
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(a) Variation with normal-force coefficient and Mach number.

Figure 9.- Intensity of buffeting at airplane center of gravity.

XF-92A airplane.
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(b) Variation with angle of attack and Mach number.

Figure 9.- Concluded.
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(a) Variation with normal-force coefficient and Mach number.

Figure 10.- Coefficient of incremental structural shear loed due to
buffeting of the left wing. XF-92A airplane.
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(b) Variation with angle of attack and Mach number.

Figure 10.- Concluded.
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Incremental acceleration that would result from direct action of wing

buffet load on rigid airplane mass, (Aon)Av
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Figure 1l.- Relation between incremental normal acceleration at airplane
center of gravity and acceleration that would result from the direct
action of wing buffet load on rigid alrplane mass.

COTHCH WY VDVN

TVILNATTANOD

¢



NACA RM H5L41.03

He CONFIDENTIAL
3 ;
Tl X8 !
——XF-92A Bl s :
2 R
e e
e i \
Lo
' //
N
0
12
s R [
: :
\\ II
a,de \
9 i SO \\Jl
4 \ '
N / -
0]
6
4 T e e ;
C o
NA \\ ’I
== Ales B ] \J/
2 K
0)
60 68 76 84 92 1.OO

M

Figure 12.- Comparison of the boundaries for the onset of wing buffet of
the XF-92A and the 60° swept-wing X-5 airplanes. hy = 35,000 feet;
W/S for X-5 = 48.5; W/S for XF-92A = 32.0.
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