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SUMMARY

A wind-tunnel technique for obtaining gust frequency-response functions
for use in predicting the response of flexible aircraft to atmospheric turbu-
lence is evaluated by comparing the tunnel test results for a dynamically
scaled cable-supported aeroelastic model with analytical and flight data.

The technique, which employs oscillating vanes in the tunnel throat section
to generate a sinusoidally varying flow field around the model, was evaluated
by use of a 1/30-scale model of the B-52E airplane, for which considerable
£light gust response data were available. The studies show good correlation
between the wind-tunnel results, flight test results, and analytical predic-
tions for response in the short-period and wing first elastic modes of motion,
which are the modes of primary significance for response of flexible aircraft
to atmospheric turbulence.

INTRODUCTION

The response of aircraft to atmospheric turbulence is an important design
consideration from the standpoint of gust loads, structural fatigue, and ride
quality. A method commonly used to determine the response of aircraft to random
gusts is based on random process theory or the so-called power spectral analysis
technique (see refs. 1 and 2, for example). In this method the response of a
flexible airplane is determined for excitation by sinusoidal gusts of varying
frequency. This response function is commonly referred to as the frequency-
response function.

Airplane frequency-response functions are generally determined from power
spectral data measured during flight tests (ref. 3) or by analytical methods
(refs. 4 to 7). The procedures for determining response functions from flight
tests are costly; furthermore, they cannot provide early design data for spe-
cific configurations. BAnalytical methods, on the other hand, may prove to be
inadequate, particularly in the transonic speed range, where accurate defini-
tion of unsteady aerodynamic loads is lacking. Therefore, a wind-tunnel method
is desirable for evaluating frequency-response functions experimentally under
controlled conditions during the design phase. Such a method would allow veri-
fication of the analysis in a timely manner. The need for a controlled experi-
mental method led to the development of a unique wind-tunnel gust response
technique developed for use in the Langley transonic dynamics tunnel.

The wind-tunnel technique consists of measuring the response of an aero-
elastically scaled model to an oscillating vertical gust field generated in the
tunnel by oscillating vanes located upstream of the test section. The model is
flown on a two-cable support system (ref. 8) which permits simulation of free~
flight modes of motion. Two preliminary model studies (refs. 9 and 10) using
the technique showed good correlation between analysis and wind-tunnel response
measurements for rigid body modes of motion.



The next logical step in the verification of the method was to conduct
tests using a dynamically scaled aeroelastic model and to compare the results
with analytical predictions and flight data. Because considerable gust response
data were available for the B-52E airplane, it was selected as the test vehicle
for a comparative analysis of the wind-tunnel, flight, and analytical test meth-
ods. The study was conducted through an effort carried out jointly by NASA, the
U.S. Air Force, and the Boeing Company (Wichita Division). This paper describes
the B~-52EF model wind-tunnel tests involved in the study and compares those test
results with analytical and flight data.

SYMBOLS AND ABBREVIATIONS

Cp wing vertical bending-moment coefficient, Mb/hSE

Ch coefficent of normal acceleration, mZ/gS

Cq dynamic pitching-moment coefficient, 03W/2Vgs

c mean aerodynamic chord, m

c.g. center of gravity

dy distance from oscillating vane quarter chord to gust probe head
(14.9 m)

F.S. model body station measured alon¢g fuselage center line (F.S. 0 is

4.83 cm forward of fuselage nose), cm

£ frequency, Hz

g gravitational constant, 9.80 m/sec2
k reduced frequency, <Ccw/2V

L.W.S. left wing station

1 characteristic length, m

M Mach number

Mp, wing vertical bending moment, N-m
m mass, kg

P.R.G. pitch-rate gyro
q dynamic pressure, Pa

R.W.S. right wing station
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s wing area, m

v velocity, m/sec

W weight, N

W.S. wing station, measured parallel to wing trailing edge (W.S. 0 is at

intersection of wing leading edge and fuselage center l1line), cm

Z vertical acceleration normal to fuselage center line, m/sec2
|€g| absolute value of measured gust amplitude, deg
|Eg| absolute averaged value of gust amplitude over wing span, deg
6V oscillating amplitude of gust vanes, deg
P atmospheric air or tunnel test-medium density, kg/m3
¢ phase angle between model response and gust, deg
b3 theoretical phase angle between gust at model c.g. and gust vane, deg
¢g measured phase angle between gust at model c.g. and gust vane, deg
$g averaged value of gust phase angle along model wing span, deg
w circular frequency, 2mf, rad/sec
Subscripts:
A full-scale airplane
M model
APPARATUS

The study was conducted in the Langley transonic dynamics tunnel which
has a 4.88-m slotted test section and is capable of testing at Mach numbers up
to 1.2 in air or Freon-12, over a wide range of air or test-medium densities.
The tunnel is capable of generating a simulated (sinusoidal) gust field in the
test section.

The main features of the oscillating vane system used to generate the gust
field are shown in figure 1. Two sets of vanes, in a biplane arrangement, are
located on the side walls of the entrance section of the tunnel. The vanes have
a span of 1.07 m, a taper ratio of 0.5, and a panel aspect ratio of 1.2. The
biplane vanes on each wall are oscillated about the quarter chord by a hydraulic
motor and a large flywheel by means of linkages, which produce nearly sinusoidal
vane oscillations about the mean angle-of-attack position. Under normal circum-
stances, the vane amplitudes are mechanically adjustable from 0° to +12°, and



the frequency is remotely adjustable from 0 to 20 Hz by means of an electrical
control system which also synchronizes the motions of the two sets of vanes. By
means of this system, the phasing of the two sides can be varied from "in sync"
to 180° out of synchronization; however, this capability was not used in this
investigation.

The flow angle of the airstream was measured with four differential pres-
sure probes mounted 0.61 m apart on a horizontal bar as shown in figure 2. The
bar was attached to a stand which could be located at any longitudinal station
in the tunnel. The bar could be adjusted to any vertical station within a dis-
tance of *0.61 m from the center of the test section and could be remotely tra-
versed laterally on the support, #0.30 m from the tunnel center line.

The pressure probes (fig. 3) consisted of two (0.178 cm inner diameter)
steel tubes or "claws," attached to opposite sides of a two—arm variable-
reluctance differential pressure transducer. The claws of the probes were
oriented to measure flow angularity in the vertical plane by means of the
attendant pressure differential between the upper and lower claw tubes.

Flow angle measurements in the test section were made in the vicinity of
the model center of gravity (c.g.), which was located approximately 14.9 m down-
stream of the vane quarter chord.

FLOW FIELD

Measurements of the flow field generated by the airstream oscillator are
shown in figures 4 and 5. Figure 4 presents a three-dimensional view of the
variation of gust amplitude |eg| and phase angle ¢g as a function of lat-
eral position in the tunnel and vane oscillation reduced frequency. These plots
were made by fitting a surface spline (ref. 11) through the measured data points
(shown as circles in the figure). These figures indicate that the amplitude
decreases and the phase lag decreases linearly with increasing frequency. All
the data shown are based on 1-minute averages of the output of an electronic
sine-cosine resolver system that gives the in-phase and out-of-phase components
of the first harmonic of stream angle with respect to vane position. This pro-
cedure was used to average out the effect of random tunnel turbulence.

The data shown in the figures are for a velocity of 35.4 m/sec, which is
required to simulate the velocity of the full-scale airplane. The vane ampli-
tude (+6°) was determined from the practical consideration that the gust angle
at the model c.g. must be large enough to excite the short-period and lower
elastic modes, but not so large that the model could be damaged. These data
show a considerable variation in gust amplitude in the spanwise direction at
low frequencies. The phase data are fairly uniform in the spanwise direction,
except at the higher frequencies. Although there is considerable variation in
spanwise gust amplitude at low frequencies, the gust is sufficiently uniform to
produce model responses similar to those predicted for a gust uniformly distrib-
uted over the wing span. This fact is shown in the data presented in following
sections. Consequently, the spanwise variations in the gust amplitude and phase
angle were averaged across the span for each value of reduced frequency Kk in



analyzing the model gust response data. The results of this averaging process
are shown in figures 5(a) and 5(b). The format used in figure 5(b) confines
variations of the phase angle data to #180° (instead of accumulating to -1400°
as in fig. 4(b)). At low reduced frequencies the measured phase angle ¢g
approximates that predicted by the equation

£dy

b3 = -360 —
d v

where ¢35 1is the phase difference caused by the time required for a point on
a traveling wave at a frequency £ to move downstream the distance from the
vane quarter chord to the probe head d; at a velocity V. The difference
between the measured and the theoretical phase lag at high reduced frequencies
can be attributed to unsteady flow effects on the vanes.

MODEL PROPERTIES AND INSTRUMENTATION
Model Scaling Considerations

The 1/30-geometric-scale model was designed to simulate the B-52E airplane
dynamically and aeroelastically at a gross mass of 189 964 kg at a flight alti-
tude of 1646 m with external tanks attached. Froude number, reduced frequency,
and mass ratio of the model and airplane were matched. The model stiffness
properties, inertia properties (distributed masses and moments of inertia),
aerodynamic properties, and center-of-gravity location also matched that of the
full-scale B-52E airplane. The model scaling factors derived from the preceding
conditions are tabulated in table I.

To simulate the airplane altitude (air density) and to allow the model to
be heavy enough for instrumentation and ballasting, the tests were carried out
in Freon-12 gas. The resulting density ratio of 4.07 between model and air-
Plane (see table I) provided a model mass of 28.7 kg. Comparisons of the model
airplane test conditions and other parameters are given in table II.

Model Physical Characteristics

The model is shown mounted in the Langley transonic dynamics tunnel in fig-
ure 6, and a schematic diagram of the mount system is shown in figure 7. The
system (ref. 8) consists of two "flying" cables on which the model is suspended.
The forward flying cable loop is in the vertical plane; the rear flying cable
loop is in the horizontal plane. Four "snubber cables," normally slack during
testing, can be remotely activated to snub or restrain the model in case an
instability occurs.

To achieve reasonable simulation of the short-period mode of the B-52E air-
plane, the basic two-cable-mount system of reference 8 was modified as shown in



figure 7. 1In this case, the cables were attached through pivots to the model
near the center of gravity, and the pulleys were mounted at the tunnel wall
instead of following the normal positioning of the pulleys inside the contour of
the model fuselage. This modification resulted in a mount configuration which
had a rotational stiffness low enough in pitch to allow adequate simulation of
the short-period free-flight mode.

Except for the vertical tail, the model stiffness was provided by alumi-
num alloy spars covered with separate rigid fairing sections which provided
the aerodynamic contour of the airplane. Each section was attached to the
spars independently so that stiffness of the spars would not be altered.
Nacelle stiffness was provided by a single mounting strut attached to the wing
spar. The vertical tail had an aluminum plate core with balsa covering to pro-
vide the airfoil shape.

The model geometry is shown in figure 8. The ailerons and all-movable
horizontal stabilizers provided roll and pitch trim control, respectively,
and both controls could be operated remotely from the tunnel control room.

Model Dynamic Characteristics

Before the wind-tunnel testing was begun, the model was mounted on the
flying cables in the tunnel test section, and model ground vibration tests
were conducted in the wind-off condition. The suspension system used allowed
proper simulation of the airplane short-period mode. A soft spring attached
to the model at the c.g. was used to suspend the model vertically in the tun-
nel for these vibration tests. A comparison of the symmetric modal frequencies
measured in these tests and those calculated for the unrestrained model are
shown in tables III and IV. The data show that calculated and measured frequen-
cies of the flexible modes (table III(a)) are in good agreement. The agreement
between calculated and measured rigid body modes (table III(b)) and nacelle
strut modes (table IV) is considered adequate.

The modal node lines obtained in the model vibration tests are shown in
figure 9 for the first four symmetric elastic modes. These are the modes which
were most readily excited by the gust velocity generated in the tunnel. As
shown in figure 4, the gust amplitude is almost zero above a reduced frequency
of 0.20 (which corresponds to a frequency of about 10 Hz).

Instrumentation

Locations of the onboard instrumentation and equipment for measuring the
model response and for powering the horizontal stabilizer and aileron control
surfaces are shown in figure 10. The sensors consisted of (1) four sets of
strain-gage bridges mounted on the wing spar, oriented and calibrated to measure
bending moments; (2) three vertical accelerometers mounted on the fuselage spar;
and (3) a pitch-rate gyro mounted on the fuselage spar at the model c.g. Aile-
ron and stabilizer control surfaces were driven by independent dc torque motors



through crank-pushrod linkages. The pushrods were connected by flexible bellows
couplings. The aileron motors each provided a maximum torque of +0.38! N-m, and
through the linkages, control surface oscillation amplitude of *25° was provided
in the frequency range from 0 to 20 Hz. The horizontal stabilizer motor, used
for trim only, produced a maximum torque of +3.884 N-m and deflected the surface
at a rate of 0.06 deg/sec. The stabilizer was capable of travel from 10° trail-
ing edge down to 5° trailing edge up with respect to the fuselage waterline.

For cable-mounted models, an electrical "umbilical" cable is required to
connect model sensors to readout instrumentation. 1In order to keep the umbili-
cal cable small and light, thereby minimizing its effect on model response, the
power to the onboard instrumentation and control actuator motors was supplied
to the model through four copper-clad snubber cables.

A microelectronic multiplexing system was used to transmit electrical com-
mands to the onboard instrumentation and to receive data signals from the model
sensors simultaneously through the 0.159-cm-diameter coaxial umbilical cable.
The details of the microelectronic system are given in the appendix. This sys-
tem was capable of transmitting 10 channels of analog data simultaneously from
the transducers within the model through the coaxial umbilical cable to the con-
trol room outside the test section. 1In addition, through this coaxial cable,
the system could simultaneously code gain and offset commands to the onboard
signal conditioning units, operate commands to the three control motors, and
generate a timing signal for data synchronization.

ANALYTICAL MODEL RESPONSE STUDIES
Model Mount Effects

Analytical studies were conducted by the Boeing Company (Wichita Division)
to determine the cable-mount effects on the model motions. The equations of
motion and methods of analysis of reference 12 were used in the response stud-
ies. These studies consisted of comparisons of the response characteristics of
the model when mounted on the flying cables and in free flight. 1In both cases,
the measured vertical gust data shown in figure 4 were used in the analysis to
generate spanwise gust loads on the model. 1In each case, the amplitude of the
model response data was normalized by the averaged spanwise vertical gust angle
|€gl indicated in figure 5(a). Typical results of this analysis are shown
in figure 11 in terms of the variation with the reduced frequency k of the
ratios |Ch/€q|, [Cq/€ql, |Cp/Egl, and the associated phase angles. (See
fig. 10 for measurement locations.) These results indicate that the mount has
only a small effect on the model response at the reduced frequencies correspond-
ing to the short-period (k = 0.04) and first elastic (wing-bending, k = 0.072)
modes. A significant effect is indicated on the wing fore-and-aft bending mode
(second elastic mode, k = 0.14). The sharp peak in the cable-mount data at
low values of k (k = 0.005) is associated with the vertical translation mode
of the model on the mount system and, hence, does not appear in the free-flight
analysis.



Effect of Spanwise Variation of Gust Field on Analytically Derived
Frequency Responses of Cable Mounted Model

Ideally, the gust field generated in the wind tunnel should be nearly
uniform, but the tunnel measurements in figure 4 show that the gust amplitude
apparently has significant spanwise variation. Therefore, it was decided to
determine the difference between the theoretical model response caused by the
measured tunnel gust distribution and that resulting from a uniform gust
obtained by averaging the measurements across the span. The power spectral
density approach (ref. 1) was used in the response calculations. This approach
provides statistical descriptions of the dynamic response from a combination of
power spectral description of the turbulent velocities with solutions of linear
equations of motion for the airplane. Typical comparisons of results of the
analysis using the measured tunnel gust distribution ]€g| _(replotted from
fig. 11) and those caused by a uniform gust distribution  |€4| are shown in
figure 12. This comparison shows that the spanwise gust variations in the tun-
nel have only a small effect (about 4 percent maximum) on the model response
except at reduced frequencies above k = 0.14. The phase angles for the uni-
form gust field were calculated by using the cross~spectra between the turbu-
lence input at the tunnel streamwise station corresponding to the location of
the model c.g. and the response of the model. The data from figure 12 showing
model response indicate that the gust in the tunnel can be considered uniform
along the span. The insensitivity of the model response to the spanwise vari- °
able gust amplitude is probably a result of the nearly constant spanwise phase

difference (fig. 4(b)).

Modeling of Atmospheric Turbulence

Atmospheric turbulence has been found to be essentially homogeneous and,
therefore, with respect to the axes of an airplane in level flight, the turbu-
lence gust velocities would be expected to vary along the span of the airplane
as well as along the direction of flight. However, the most commonly used for-
mulation of the spectral approach to calculating airplane response to turbu-
lence has assumed a one-dimensional or "uniform" gust field. In this formula-
tion the gust velocities are considered to vary randomly in the direction of
flight but are uniform along the span. For an airplane with a large wing span
{(greater than about 5 percent of the turbulence scale), such as the B-52E, the
one-dimensional analysis may not be sufficient. For this case, a more adequate
gust model is obtained by assuming the turbulence to be a random two-dimensional
isotropic gust (refs. 13 and 14). Furthermore, the analyses of reference 15
indicate that the two-dimensional gust analysis produces calculated airplane
responses which more nearly agree with flight test results than does the one-
dimensional analysis. Because the model response in the tunnel approximates
that from a one-dimensional gust field (see fig. 12), it was desirable to
determine the differences between the model response to one-~dimensional and
two-dimensional gust inputs. (The two-dimensional gust input of refs. 13 and 14
was used for these calculations.) 1If these differences are sufficiently large,
then corrections which include these differences, plus corrections for the
slight differences between the one-dimensional analysis and the response result-



ing from tunnel gusts (fig. 12) and the cable-mount effects (fig. 11), should
be applied to the wind-tunnel data before comparisons with the flight test data
can be made. Typical comparisons between the one- and two-dimensional random
gust inputs for the model are shown in figure 13. These data show that the
two~dimensional gust analysis gives peak values for the first elastic mode
(i.e., k =~ 0.07) which are about 10 percent lower than those from the uniform
analysis. This difference, when added to the difference in the responses of
the model caused by the tunnel gust and the uniform (one-dimensional) analysis
(fig. 12) and to the difference caused by cable-mount effects (fig. 11), gives
maximum correction factors of approximately 12 percent for the reduced frequency
range of interest (i.e., 0.01 £k £0.14). A comparison of the phase angles
in fiqures 11 to 13 indicate that no corrections in phase angle are appar-
ently necessary, except for the cable-mount effects at low reduced frequency

(k <0.01) in figure 11 and for cable and tunnel spanwise variation effects

at the second elastic mode frequency (k = 0.14).

RESULTS AND DISCUSSION
Measured and Calculated Model Response

The model response to the gusts generated by oscillating the gust vanes
over a range of frequencies at a tunnel flow velocity of 35.4 m/sec was mea-
sured in terms of accelerations and moments experienced by the model. A com-
parison of the uncorrected measured and the calculated frequency responses
(fig. 12) of the model are shown in figure 14. (Note scale change relative to
previous figures.) The nondimensional response coefficients of acceleration,
pitching moment, and bending moment at various stations on the model are plotted
in this figure. PFor the locations of the response stations, refer to figure 10.
All data are for symmetric response with the model on the cable-mount system.

In general, the measured results agree well with calculated data, except
at the higher reduced frequencies k > 0.12. The low gust level produced at
the higher values of k undoubtedly resulted in inaccuracies in the measure-
ment both of the response and the gust amplitudes. The analysis tends to pre-
dict a higher response than was measured for the first elastic mode (k = 0.072)
for the acceleration at the fuselage aft end (fig. 14(c)), the pitching moment
at the c.g. (fig. 14(d)), and the bending moments along the wing (figs. 14(e)
and 14(f)) .

The measured results shown in figqures 14(b) and 14(d) show the repeatabil-
ity of the gust response tests for two different runs (i.e., runs 1 and 2). For
values of k below 0.16, the repeatability is excellent.

Model and Flight Test Results

The measured model and airplane flight test results are compared in fig-
ure 15. Two different sets of model data are presented - the "uncorrected" data
from figure 14 and the "corrected" data, which have been adjusted to account for
the cable-mount and two-dimensional gust effects.



The model and flight test data shown in figure 15 generally agree well for
values of reduced frequencies from 0.03 to 0.14, which include the short-period
and first elastic modes. However, the pitching-moment data (fig. 15(d)) do
not agree well, and much scatter appears in the flight data for k > 0.08. 1It
should be noted that at low reduced frequencies (k < 0.03), all the airplane
data were affected by spurious pilot-induced motions (ref. 15). Also, at the
higher reduced frequencies (k > 0.14), the low gust level produced by the air-
stream oscillator led to measurement errors in the model data. The short-period
mode of motion (k =~ 0.04) did not show up very well in either the flight test or
model response data. At best, it can barely be detected in the model data of
figure 15. On the whole, it is completely overpowered by the strong first elas-
tic mode. This illustrates the high degree of flexibility in the B-52E airplane

structure.

The major difference noted between corrected and uncorrected model data
is that corrections reduce the peak amplitude of the first elastic mode of
the model (k = 0.072) by about 10 percent. The result is better agreement
with the flight data. The correction improved the phase angle and, in most
cases, the coefficient amplitudes associated with the low-frequency cable mode
(k =~ 0.01); however, in general, the corrections produced only minor changes in

the results.

CONCLUDING REMARKS

A wind~tunnel technique for obtaining gust frequency-response functions
for use in predicting the response of flexible aircraft to atmospheric turbu-
lence has been evaluated by comparing the tunnel test results for a dynamically
scaled cable-supported aeroelastic model of the B-52E airplane with analytical

and flight data.

These studies show good correlation between wind-tunnel, flight test, and
analytical predictions for the short-period and first elastic modes of motion.
Since these two modes are generally the ones primarily associated with aircraft
gust response, the good correlation of results for these modes in the present
study indicates that the wind-tunnel/airstream oscillator technique should be
a useful and valid tool for evaluating gust response characteristics of

airplanes.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

September 24, 1979
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APPENDIX

MICROELECTRONIC INSTRUMENTATION SYSTEM

A block diagram of the microelectronic system used in the B-52E model
wind-tunnel gust tests is presented in figure 16. Both the instrumentation
components located onboard the model and those located in the control room
are shown. The connecting links between the two locations are the coaxial
umbilical cable, which carried signals from the transducers and transmitted
commands to the trim control motors, and the four copper—-clad snubber cables
which carried the power to the onboard instrumentation.

The instrument components located in the model (see fig. 16) consisted of
10 transducers, a transducer selector switch, 2 FM data modulators, a switch
control unit, a receiver decoder unit, and 6 dc-dc voltage converters. Each
of the two data modulator units contained five voltage-controlled FM oscilla-
tors; thus, each could handle five incoming transducer signals simul taneously.
In addition, a remotely operated transducer selector unit (see fig. 16), which
allowed time-sharing signals, was used with data modulator B; thus, this modula-
tor unit could handle selectively a total of 10 transducer signals, 5 at a time.
The transducer selector unit and the control surface motors were controlled by
the switch control unit. Regulated power was supplied to each of the trans-
ducers and other onboard instrumentation by the onboard power converters. The
arrangement of onboard instrumentation in the model is indicated in figure 17.

The control room instrumentation used in the model tests (refer to fig. 16)
consisted of a two-way multicoupler, a group carrier converter, an analog tape
recorder, a demodulator, a display and control panel, a control code generator,
and a control signal modulator. The display and control panel contained a set
of miniature oscilloscopes for continuous monitoring of each data channel and a
control panel for changing channel gains and offsets. The model trim control
signals for the stabilizer and aileron control surfaces were also routed through
the display and control panel. The signals to and from the oscillating vane
system were also passed through the microelectronic system, as shown at the top
of figure 16. This allowed the oscillating vane data to be time-synchronized
with the model response data on the analog tape.

11
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TABLE I.- MODEL SCALE FACTORS

Scaled quantity Formula Factor
Iy Wy Va
Reduced frequency ——— 1.0
lp wp VM
/14 9a\'/?
Froude number _—— — 1.0
Va\lM M
Wm oa/la\3
Mass ratio —_ |- 1.0
Wa PM\IM
Dimension Selected 1/30
Tunnel = 0.008
Fluid density 4.07
Airplane = 0.0019634
1M 1/2
Velocity -_ 0.183
la
om/ Vi)
Dynamic pressure —_ — 0.136
Pa\Va
M ZA
Frequency —— 5.48
Va Im
oM/ IMm 3
Weight — — 0.000151
Pa\la




TABLE II.-

COMPARISON BETWEEN MODEL AND

AIRPLANE TEST CONDITIONS

Parameter

Airplane

Model

Altitude, m . . . .
Velocity, m/sec . .
Mach number . . . .
Dynamic pressure, Pa
Temperature, K . .
Mass, kg . . . . .

Density, kg/m3 . .

Speed of sound, m/sec

Flight enviromment

.

-

Mean aerodynamic chord,

Wing span, m . . .

Wing area, m2 .. ...

Center of gravity, m

1646

193

0.569

18 826

286

189 964

1.012

339

Air

6.99

56.39

371.67

F.S. 20.57

NA

35.4

0.226

2557

300

28.7

4.123

156

Freon-12

0.233

1.88

0.413

F.S. 0.6858

15
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TABLE III.- SUMMARY OF MODEL FREQUENCIES

(a) Wind-off elastic symmetric
modal frequencies

Ffequenﬁy, Hz
Mode
Calculated Measured
(a) .
1 3.12 3.45
2 6.90 6.75
3 8.82 8.75
4 10.68 10.65
5 11.06 11.45
6 11.12 11.70
7 14.13 14.65
8 16.43 17.35
9 17.69 17.85

aModel mounted on soft spring
and flying cables.

(b) Wind-on rigid body frequencies

Mode

Frequency, Hz

~ Short period

Translation

Calculated Measured
. (a) . _
0.15 0.24
1.85 1.93

R P

aModel mounted on flying cables;

vV =

35.4 m/sec.



TABLE IV.- WIND-OFF CANTILEVERED NACELLE STRUT MODES

Mode, strut
bending

Side

Vertical

Torsion

Natural frequency, Hz

Inboard strut and nacelle

Outboard strut and nacelle

Design Actual Design Actual
. , (a)
11.17 11.12 11.50 11.48
22,29 21.62 22.02 21.86
32,92 | =—=m-= 32,92 | ===

4actual frequencies are average of left and right nacelle
strut frequencies. ‘

17
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L~79-309
Figure 1.- View of airstream oscillator vane system in Langley transonic dynamics tunnel
showing cutaway of mechanism.
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*3.45 kPa differential pressure transducer

Transducer lead wires

45°
—— ="
|
| T
~ : i 2.14 0.D, — —
l l
|
P— |
45°

/ L 0.178 1.D. steel tube
g 40,64 >

Figure 3.- Flow angle probe geometry. (Linear dimensions in cm; I.D. represents
inner diameter; 0.D., outer diameter.)




center line

Reduced frequency, k

(a) Gust amplitude.

€ = 0.233 m.

4 m/sec; and

v = 35.

.
1

8, = +6°

Figure 4.- Variation of amplitude and phase angle of gust flow with reduced frequency
and lateral position.
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{b) Gust phase angle.

Figure 4.- Concluded.
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Figure 5.- Variation of averaged spanwise gust amplitude and
phase angle with reduced frequency.
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® (1 of 4 cables)
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Gust vanes |

s o
I~70~-3779.1
Figure 6.~ Model of B-52E airplane mounted in Langley transonic dynamics tunnel.
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c.g.

Tension
adjustment

Cable ends on
pivots near

Horizontal cable

Figure 7.- Modified two-cable-mount system.

cable




25% chord line
350 /

'_'T’

47 52,83

187.
Center of gravity

Aileron

<350 /T 25% chord line

24

Center of gravity / 31.33

'
13.36 { 767

«~———— - ——- 159,08 ——— >

Figure 8.- Model geometry. (All linear dimensions are in cm.)
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Figure 9.- Measured node lines for important symmetric structural
modes of model.
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Figure 12.- Comparison of analytically derived frequency-response
characteristics of cable-mounted model for measured and uniform

gust excitation.
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