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FOREWORD

The work reported herein was sponsored by the National Aero-
nautics and Space Administration (NASA), Langley Research Center,
Hampton, Virginia. The test program was conducted for the Martin-
Marietta Corporation, Denver Division, under Program Element 921E-5,

The results presented herein were obtained by ARO, Inc. (a sub-
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator
of the Arnold Engineering Development Center (AEDC), Air Force
Systems Command (AFSC), Arnold Air Force Station, Tennessee,
under Contract F40600-72-C-0003. The tests were conducted from
June 21 to August 18, 1971, under ARO Project No. VT1170. The final
data reduction was completed on November 22, 1971, and the manuscnpt
was submitted for publication on February 7, 1972,

This technical report has been reviewed and is approved.

Emmett A. Niblack, Jr. Frank J. Passarello
Lt Colonel, USAF Colonel, USAF

AF Representative, VKF Acting Director
Directorate of Test Directorate of Test
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ABSTRACT

Wind tunnel tests were conducted to substantiate earlier test re-
sults from another AEDC facility and to determine the dynamic stability
characteristics of the Viking-Balloon Launched Decelerator Test (BLDT)
configuration (0. 0437-scale, 140-deg blunt conical model with base
cover). Measurements were made with a free-oscillation dynamic
balance as the model oscillated from +2. 4 to +0. 6 deg at angles of
attack ranging from -3.5 to 15.2 deg. Data were obtained at nominal
free-stream Mach numbers from 1. 76 to 3 at free-stream Reynolds
number, based on maximum model diameter, ranging from 0.25 x 106
to 1.49 x 106, The effects of free-stream Mach number, Reynolds
number, angle of attack, amplitude of oscillation, combined angle of
attack and angle of yaw, reduced frequency parameter, sting diameter,
effective sting length, and rocket motor nozzles on the damping-in-pitch
derivatives are presented. The dynamic instabilities at zero angle of
attack which were found during the previous tests were verified by the
present tests. The sting support interference study showed significant
variations of the damping derivatives with sting length and diameter at
the lower Mach numbers, but the basic sting, used for the majority of
the data acquisition, was judged to have little effect on the damping
derivatives. The BLDT configuration was generally dynamically un-
stable at the lower Mach numbers for angles of attack between 0 and
2.5 deg, and the damping derivatives showed erratic behavior with
variation of the test parameters at these conditions. For angles of
attack of 3 to 15 deg at all Mach numbers, the BLDT configuration was
dynamically stable, and the damping derivatives were generally inde-
pendent of the test variables. In general, the presence of the BLDT
rocket motor nozzles did not affect the damping-in-pitch derivatives.
The damping derivatives also showed the same trends with yaw angle as
with angle of attack. A free-flight test was also conducted on a 0.0146-
scale BLDT configuration at the same free-stream test conditions as
the sting support test to determine free-flight wake parameters and
drag coefficients. A comparison of free-flight and sting-supported
model wakes is made. The free-flight drag coefficients show good
agreement with coefficients obtained from tests on a similar configura-
tion with a sting-supported model.
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NOMENCLATURE

Reference area (based on maximum model diameter), £12
Drag coefficient, drag/q_A

Pitching-moment coefficient, pitching moment/q_Ad
9Cp,/9(qd/2V,)

Damping-in-pitch derivatives, 1/radian
8 Cpy/0(ad/f2V,)

Reference length (maximum model diameter), ft or in.
Sting-flare diameter (see Fig. 2), in

Sting diameter {see Fig. 2), in.

Diameter of wake neck (see Fig. 8), in.

Effective sting length (see Fig. 2), in.

Horizontal distance from maximum model diameter to
wake neck (see Fig. 8), in.

Free-stream Mach number

Tunnel stilling chamber pressure, psia
Pitching velocity, radians/sec
Free-stream dynamic pressure, psia

Free-stream Reynolds number based on maximum model
diameter

Bow shock stand-off distance (see Fig. 8), in.
Tunnel stilling chamber temperature, °R
Free-stream velocity, ft/sec

Distance from theoretical model nose to center of gravity
(pivot axis) (see Fig. 2), in.
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Center-of-gravity offset for free-flight models (see
Table I, Appendix II), in.

Mounting hole offset for free-flight models (see Table I,
Appendix II), in.

Distance from model centerline to center of gravity (pivot
axis) (see Fig. 2), in.

Angle of attack, deg

Time rate of change of angle of attack, radians/sec
Oscillation amplitude, deg

Roll angle, deg

Yaw angle, deg

Angular frequency, radians/sec

Reduced frequency parameter, radians

Note: Model configuration nomenclature is explained in Fig. 2.
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SECTION 1
INTRODUCTION

During the past several years efforts have been directed toward the
development of a planetary probe system capable of entering the atmos-
phere of Mars and landing a scientific payload. Although much of the
extensive research and development effort expended on the reentry
vehicles for the earth's atmosphere can be applied to the planetary ex-
ploration, major differences do exist. Primarily, these differences
are the result of low atmospheric density, relative to that of the earth.
Research and development groups have been engaged in evaluating the
aerodynamic characteristics of the candidate shapes in air and then
determining the effects of the Martian atmosphere on these aero-
dynamic characteristics. Several experimental tests have been
conducted on planetary shapes to determine the static and dynamic
aerodynamic characteristics for subsonic to hypersonic speeds
(Refs. 1 through 15).

The Viking project is the NASA program for the exploration of the
planet Mars using automated devices. NASA -Langley has been assigned
Viking project management and also detailed responsibility for the over-
all spacecraft and the lander. The Martin-Marietta Corporation,
Denver Division, will provide the lander and assist NASA-Langley in
integrating the lander with the orbiter and the resulting spacecraft with
the launch vehicle.

Previous dynamic stability tests (Ref. 16) have been completed in
the Propulsion Wind Tunnel Facility (PWT) at AEDC in support of aero-
dynamic design programs conducted by NASA-Langley and Martin-
Marietta Corporation on the blunt cone aeroshells. The test results of
Ref. 16, at transonic and low supersonic, Mach numbers, showed the
Viking configuration to be unstable at zero angle of attack and exhibited
a steep gradient of the damping coefficient over small changes in angle
of attack for angles of attack near zero. In addition, a limited Reynolds
number investigation showed pronounced Reynolds number effects at low
angles of attack and erratic trends with Mach number. NASA-Langley
also found apparent anomalies between the wind tunnel damping data and
that deduced from PEPP (Planetary Entry Parachute Program) flight
vehicle motion. Because of the unresolved questions concerning the
data of Ref. 16 and the fact that the Balloon L.aunched Decelerator Test
(BLDT) was planned to qualify the parachute recovery system, addi-
tional wind tunnel testing was performed. An analysis reported in
Ref. 17 was also conducted on selected portions of the present data
and the Ref. 16 data to extract local damping derivatives from finite
amplitude data.
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The present wind tunnel test program was conducted in the
von Kdrman Gas Dynamics Facility (VKF) in two phases. Phase I of
the test program was a free-flight test of the BLDT configuration con-
ducted in the 12-in. Supersonic Wind Tunnel (D) to determine free-flight
wake characteristics. The purpose was to compare wake dimensions
in the free-flight case with those for the sting-supported case in Super-
sonic Wind Tunnel (A) to obtain information on sting interference effects.
Free-flight drag coefficients were also obtained.

Phase II of the test program consisted of sting-supported dynamic
stability tests conducted in Tunnel A of VKE. There were two primary
objectives. One was to test the model-sting configuration of Ref. 16
{configuration 721M) to verify that the instability at zero angle of attack
did exist and was not caused by tunnel vibration. The second was to
test the current BLDT configuration, which is similar to configura-
tion 721M that was tested in PWT (Ref. 16), and to investigate the
effects of Mach number, Reynolds number, angle of attack, amplitude
of oscillation, reduced frequency parameter, combined angles of attack
and yaw, and rocket motor nozzles on the dynamic stability derivatives.

The present tests were conducted on 140-deg included angle blunted
cones at free-stream Mach numbers from 1. 76 to 3 at free-stream
Reynolds numbers (based on maximum model diameter) of 0.25 x 106
to 1.49 x 106, Damping data were obtained at oscillation amplitudes of
approximately 2. 4 to £0. 6 deg for an angle-of-attack range from -3.5
to 15. 2 deg using a small-amplitude free-oscillation balance.

SECTION 1l
APPARATUS

2.1 MODELS
2.1.1 Free Flight

The free-flight models (Fig. 1, Appendix I) were designed and
fabricated at AEDC. The 2-in. -diam aluminum models were 0, 0146-
scale models of the Balloon Launched Decelerator Test (BLLDT) vehicle,
and each consisted of a 140-deg blunt cone forebody with a base cover
containing four rocket motor nozzles. The models were tested with
and without the rocket motor nozzles. The models had a 0.052-in, -
diam transverse hole through the base cover for the support wire to
pass through. Model geometry, which was the same as the BLDT dy-
namic stability model except for scale, can be found in the following
section.
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2.1.2 Dynamic Stability

The two dynamic stability models (configurations 721M and BLDT)
were designed at AEDC and fabricated by an outside agency. The sting
sleeves and flares were designed and fabricated by AEDC. Specific
model configuration designations are shown in Fig. 2.

Configuration 721M was a 0. 0435-scale model of the Viking vehicle.
The 6-in. -diam stainless steel model consisted of a 140-deg blunted
conical forebody with a base cover. This configuration with the sting-
flare component (Fig. 3a) produced the same model-sting geometric
relationship that was tested previously in the Propulsion Wind Tunnel
(PWT) (Ref. 16) except for sting-model diameter ratio. The ratio of
sting diameter to model diameter (dg/d) was 0. 0967 for the PWT tests
and 0. 183 for the present tests.

The BLDT model (Fig. 3b) was a 0. 0437-scale version of the BLDT
vehicle. The 6-in. -diam model was fabricated from Mallory®, a
sintered tungsten alloy of high density (~0. 614 1b/in.3) to give a high
moment of inertia, which helped to match the flight reduced frequency
parameter. The BLDT model consisted of a 140-deg blunted conical
forebody with a base cover which contained four rocket motor nozzles.
The model was also tested without the nozzles. For the sting interfer-
ence study, which was conducted without the rocket nozzles, aluminum
sleeves (Fig. 4a) were fitted over the basic sting (Fig. 4b) to give dg/d
ratios of 0.350 and 0.530. The sting flare could be moved along the
sting to give values of the ratio of effective sting length to model diam-
- eter (£g/d) of 1.50 and 3.55.

Geometric details of the 721M and BLLDT configurations and stings
are shown in Figs. 5 and 6, respectively. For both models, provi-
sions were made to add ballast to locate the model center of gravity at
the balance pivot axis.

2.2 INSTRUMENTATION
2.2.1 Free Flight

All model data were obtained from two high-speed motion-picture
cameras. Each camera was set for a frame rate of approximately
5000 per second. Timing marks were placed on the edge of the film
every millisecond by an oscillator-controlled timing light so that the
frame rate for each run could be determined very accurately.
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One camera was set about 45 deg with respect to the tunnel center-
line so that its view contained the model before and during release, as
well as a portion of the free-flight path. Only qualitative data were ob-
tained from this camera.

The second camera viewed the model flight through the tunnel
schlieren system. In addition to obtaining shock and wake patterns, the
film was read with a special optical reader to obtain model position.
Model position was used with the timing marks to obtain velocity and
acceleration.

2.2.2 Dynamic Stability

The dynamic stability balance (Ref. 18) is a small-amplitude one-
degree-of-freedom, free-oscillation sting-supported system incorporat-
ing a cross-flexure pivot. A strain-gage bridge was located on the
flexures to provide a voltage proportional to angular displacement. To
protect the balance during injection into the airflow, the model was
locked in position by a solenoid located in the aft portion of the sting.

If the model was stable, an oscillating air system was used to dis-
place the model. The driving force was obtained from a high pressure
air supply which was adjusted to the pressure level necessary to over-
come the damping moment. The model was oscillated by a jet of air
emitted from a tube by a remotely controlled servovalve oscillating at
the natural frequency of the model balance system. The driving force
could be stopped abruptly by a solenoid valve. If the model was unstable,
then it was unlocked and data were recorded as the model amplitude
increased.

2.3 TEST FACILITIES

Tunnel D, which was used for the free-flight tests, is an inter-
mittent, variable density wind tunnel with a manually adjusted, flexible-
plate-type nozzle and a 12- by 12-in. test section. The tunnel operates
at Mach numbers from 1,5 to 5 at stagnation pressures from about 5 to
60 psia and at stagnation temperatures up to about 80°F.

Tunnél A, which was used for the dynamic stability tests, is a con-
tinuous, closed-circuit, variable density wind tunnel with an auto-
matically driven, flexible-plate-type nozzle and a 40- by 40-in. test
section. The tunnel can be operated at Mach numbers from 1.5 to 6 at
maximum stagnation pressures from 29 to 200 psia, respectively, and
at stagnation temperatures up to 750°R. Minimum stagnation pressures
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range from about one-tenth to one-twentieth of the maximum pressure
at each Mach number. Mach number changes may be made without
stopping the tunnel in most instances. The model can be injected into
the tunnel for a test run and then retracted for model changes without
interrupting the tunnel flow.

SECTION I
PROCEDURE

3.1 TEST CONDITIONS

Summaries of the model configurations and test conditions for the
free-flight and dynamic stability test phases are presented in Tables I
through IV of Appendix II. Comparisons of full-scale flight conditions
and wind tunnel test conditions are shown in Fig. 7. The comparison
indicates that data have been obtained covering the flight regime except
near M, = 1. 0,

3.2, TEST PROCEDURE
3.2.1 Free Flight

The 2-in. -diam models were supported on the tunnel centerline up-
stream of the test section by a horizontal wire that ran through the
model base cover. After the tunnel was started, the wire was broken
at a notch inside the model. The wires were quickly and automatically
withdrawn, leaving the model free. Before falling more than an inch,
the model was blown past the test section where the motion was photo-
graphed through the tunnel schlieren system at approximately 5000 frames
per second. The film was read to obtain model acceleration from which
drag was calculated. The data reduction for the free-flight tests used
the free-stream velocity referenced to the model.

3.2.2 Dynamic Stability

The test procedure for the damped oscillations was to set the
forcing air pressure to a sufficiently high value, open the solenoid
valve, adjust the frequency of the servovalve to the natural frequency
of the model-balance system, and then, when the model amplitude
reached the desired value, close the solenoid valve. The switch that
closed the valve also started the high-speed scanner which read the
digitized displacement signal onto magnetic tape for data reduction.
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For the diverging oscillations the high-speed scanner was started after
the model was unlocked.

Data reduction was accomplished by the logarithm decrement
method described in Ref. 18. The logarithm of the peak amplitudes as
a function of time was curve fitted with a third-degree least-square-
error polynomial from 2.4 to 0.6 deg. For some data runs a condition
existed such that amplitude reached a maximum value, and did not
change, so the data were reduced over the amplitude range available.

3.3 PRECISION OF DATA
3.3.1 Tunnel Conditions

Uncertainties (bands which include 95 percent of the calibration
data) in the basic tunnel parameters (Tunnels D and A), Pys T, and M,
were estimated from repeat calibrations of the instrumentation and from
repeatability and uniformity of the test section flow during tunnel cali-
brations. These uncertainties were used to estimate uncertainties in
other free-stream properties using a Taylor series method of error
propagation (Ref. 19). The estimated uncertainties are shown below.

Test Condition Uncertainty, percent
M, Regx 1076 M, Po To q, Vg Req
1.76 0. 26 +0.9 +0.8 +0.4 1.0 $0.6 *1.1
1.76 0. 75 +0.9  +0.4 +0.7 +0.6  +0.9
1.76 1.25 0.9  +0.2 $0.6 +0.6  £0.8
2.23 0. 25 +0.5 +0.7 40.9 $0.3 1.0
2.23 0. 175 10. 3 +0, 7 10. 8
2. 25 1. 25 10,3 10,7 10. 8
2,99 0. 25 +0. 4 +1.4 1.1
3.00 0. 75 +0. 4 +1.4 +1.1
3.01 1. 24 +0. 4 +1.4 +1.1

3.3.2 Free Flight

Based on the repeatability of the data and an analysis of possible
errors in distance measurement, the precision of the drag coefficients
is believed to be within 6 percent. Errors from time measurement
have been found to be negligible by comparison.
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3.3.3 Dynamic Stability

The balance was calibrated before and after the tests, and check
calibrations were made during the test. In addition, structural damping
values were obtained at vacuum conditions before the tunnel entry to
evaluate the still-air damping contribution. The uncertainties in the
balance and data system were combined with uncertainties in the tunnel
parameters, assuming a Taylor series error propagation (Ref. 19) to
estimate the precision of the aerodynamic coefficients. The maximum

uncertainties which occurred at the minimum Reynolds number are
listed below.

Uncertainty

Configs. 1BCD and 2BCD, Configs. 3BCD, 5BCD, and 721M, Configs. 4BCD and 8BCD,

My Cmg+Cmg =~ A(Cmg - Cmg) MCmgq + Cmg) A(Cmgq + Cmg)
1.76 8 0. 11 £0.112 £0. 13
6 +0. 08 +0. 09 +0. 10
4 =0, 06 10, 06 0. 07
3 £0. 04 +0. 04 +0. 05
2 £0. 03 £0. 03 +0.04
1 £0. 01 £0. 02 £0. 03
0.5 0. 007 £0.014 0. 031
-0.5 0, 009 0, 018 £0. 035
2.25 4 0. 05 £0. 05 0. 06
3 +0, 04 £0. 04 0, 05
2 0. 02 0. 03 0. 04
1 +0,01 +0.02 +0. 04
0.5 10, 006 £0.017 0. 038
-0.5 0. 010 £0. 022 0. 042
3.00  -0.5 0. 011 +0. 028 0. 058

It should be noted that the above uncertainties do not apply to the
data scatter obtained when the model was oscillating in regions where
the coefficients have large gradients with angle of attack. However,
the average value of the coefficients obtained during these conditions
should be precise within the above uncertainties.
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SECTION IV
RESULTS AND DISCUSSION

4.1 EVALUATION OF SUPPORT INTERFERENCE
4.1.1 Comparison of Wakes from Free-Flight and Sting-Supported Models

Schlieren photographic coverage was obtained with the free-flight
models in Tunnel D and the sting-mounted models in Tunnel A. Sketches
of the bow shock and wake patterns in free flight presented in Fig. 8
were made from the high-speed schlieren motion pictures taken for
drag data. The values of bow shock stand-off distance (s/d), minimum
wake diameter (dy/d), and wake length (£y/d) shown in Fig. 8 are typical,
since there was virtually no effect of Reynolds number noted.

Schlieren photographs (Fig. 9) obtained in Tunnel A show the effects
of sting length on the model wake geometry at Mach numbers 1. 76 and 3.
Similar photographs were used to obtain s, dy, and £y, and the results
are plotted with the free-flight measurements in Figs. 10, 11, and 12,
As expected, there was little effect of the sting on shock stand-off
distance (Fig. 10). No particular significance is attached to the slightly
smaller s/d shown for the sting-mounted models, since this is within
the scatter band.

As to wake diameter, the sting always forces the wake outward.
The sting configuration and the Mach number had a large effect on the
wake diameter (Fig. 11). The minimum sting diameter and maximum
effective sting length, denoted by the squares, showed the least influ-
ence, as would be expected. At M, = 1. 7 sting diameter had only a
small effect on wake geometry, and sting length had a large effect; at
M, = 3. 0 sting length (within the range of the test) had no effect on the
data for the large sting but had a considerable effect on the data for the
small sting. Of course at M, ® 3. 0 the wake minimum diameter in free
flight was smaller than the larger sting diameter so that a considerable
increase in wake diameter was necessary when the larger sting was in-
stalled. A considerable Reynolds number effect on wake diameter was
found at M, = 2, 2 for the short sting configuration.

The free-flight wake length (Fig. 12) was substantially constant
except for the lower end of the Mach number range for which a blown
wake makes the length poorly defined. The slightly shorter wake lengths
with the sting-mounted model occur because less length is required to
contract to the larger wake diameters, assuming the same contraction
angle.
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The comparison of the bow shock stand-off distance, wake neck
diameter, and wake length from the free-flight and sting-supported tests
shows that the wake geometry was not changed substantially when the
model was supported by the basic sting (Config. A000, dg/d = 0. 183,
f5/d = 3.55).

It is of interest to note that model instabilities occurred during the
free-flight tests. The model, pre-positioned at an angle of attack of '
approximately zero on the support wire, would diverge in oscillation
amplitude until a limit cycle was reached, The divergence usually
occurred sometime during the tunnel start, but in some cases after the
transients were over the model would be steady and then start to oscil-
late. The models that were positioned and released at an angle of attack
did not diverge in amplitude during the tunnel start and also remained
steady as tunnel stagnation pressure was raised.

4.1.2 Sting Effects on Pitch-Damping Coefficient

The sting interference study was conducted with the nozzles off,
However, it is shown in Section 4. 2. 7 that the nozzles had no significant
effect on the damping derivatives. Therefore, both nozzle-on (A =1, 4, 5)
and nozzle-off (A = 2, 3, 6) data are used for the sting effects data com-
parison. The stability derivatives at zero angle of attack for the BLDT
configuration are shown in Fig. 13 as a function of the ratio of sting
diameter to model diameter (dg/d) and reduced frequency parameter
for the longest effective sting length (£5/d = 3,55). At M, = 1. 76, in-
creasing dg/d from 0. 183 to 0. 530 generally changed the dynamics of
the BLDT configuration from an unstable configuration to a slightly
stable configuration. At M_ = 2. 24 the derivatives generally show less
effect of dg/d.. Variation of dg/d at M,, = 3 produced no effect on the
damping derivatives. It should also be noted that at M, = 1. 76 (Fig. 13)
the effects of sting diameter decreased as wd/2V, increased.

Figure 14 shows Cmq + Cmy, as a function of dg/d at @ = 0 for an

effective sting length ratio (£g/d) of 1,50. The effects of sting diameter
on the dynamic derivatives for the shorter effective sting length

(25/d = 1.50) are generally the same as found for the longer sting

(£5/d = 3.55, Fig. 13).

The effects of sting diameter on the damping derivatives as a func-
tion of angle of attack are shown in Figs. 15 and 16 for £5/d = 3.55
and 1,50, respectively. For o = 3 to 15 deg, variations of sting diam-
eter for both sting lengths tested produced very little effect on the damp-
ing derivatives. For the angle-of-attack region near a = 0 the effects
of sting diameter on the damping derivatives are as discussed previously.
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The dynamic stability derivatives for the BLDT configuration are
shown in Figs. 17 and 18 for dg/d = 0. 183 and 0. 530, respectively, as
functions of the ratio of effective sting length to model diameter and
wd/2V,_,. The damping trends shown in Fig. 17 are dependent upon Mach
number, Reynolds number, and wd/2V,. For wd/2V_ = 0.009 to 0.007
(Fig. 17a) the trends with £5/d at M, = 1. 76 are opposite those at
M, = 2. 24 for Req = 0.25 x 108, Also, in Fig. 17b (M, = 1.76,

Req = 0.25 x 106) the trends of the dynamic derivatives for wd/2V =
0.022 are opposite those for wd/2V,_ =~ 0. 009 (Fig. 17a). The effects of
£g5/d at M, = 1,76 also seemed to decrease with increasing wd/2V_
(Fig. 17). At M, ~1.76, a = 0 for dg/d = 0.530 (Fig. 18), the pitch
derivatives generally increased slightly (greater stability) with increas-
ing effective sting length, but at M, = 3 (Figs. 17 and 18) no effect of
£5/d was found for either dg/d ratio.

Figures 19 and 20 show the effect of sting length on the dynamic
derivatives as a function of angle of attack at M, = 1. 76 for dg/d of
0. 183 and 0.530, respectively. For the angle-of-attack range from
=3 to 15 deg, the damping derivatives generally showed approximately
the same levels and trends for both effective sting lengths tested
(£5/d = 1.50 and 3. 55), but for the near-zero-angle-of-attack region
there are strong effects as discussed for Figs. 17 and 18,

In conclusion, the instability "'spike" at @ =~ 0 does not appear to be
a sting interference effect, since for £5/d = 1.50 and 3.55 the insta-
bility decreased as the sting diameter increased. Also, the instabilities
noted during the free-flight tests help to substantiate this conclusion.
Support interference effects also seem to decrease with increasing
wd/2V,. The dynamic stability derivatives for angles of attack from 3
to 15 deg were not significantly affected by support interference. At
the near-zero-angle-of-attack region support interference did affect
the dynamic stability derivatives. The amount of support interference
produced by the basic sting arrangement (dg/d = 0. 183 and £5/d = 3.55)
at @ = 0 cannot be directly determined, since a free-flight value of the
dynamic stability derivative is not available., However, it was shown
in Figs. 10, 11, and 12 that the model wake geometry at @ = 0 when
supported by the basic sting was close to being the same as the free-
flight model wake geometry. Probably the basic sting produced little
or no support interference effect on the dynamic stability data at o = 0.
It is also evident that the sting interference-free dynamic stability co-
efficient (free-flight value) at @ = 0 is equal to or greater (more unstable)
than the value obtained with the BLDT model supported by the basic sting.

10
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4.1.3 Comparison of Present Results with Results from PWT 16S

Figure 21 shows a comparison of the previous PWT data (Ref. 16)
with the present data for configuration 721M. Mach number, Reynolds
number, reduced frequency parameter (wd/2V_), and amplitude of oscil-
lation are all very closely matched. The comparison is good and shows
that the instability at o = 0 does exist and is an aerodynamic effect in-
stead of a tunnel vibration effect. The noted instabilities in free flight
(Section 4. 1. 1) also support this conclusion.

Since the results from the previous tests indicated substantial
Reynolds number effects, the damping derivatives were determined for
a range of Reynolds numbers during the present tests. These data are
shown in Fig. 22 for several angles of attack and Mach numbers. As
angle of attack is increased, the effect of Reynolds number on the
derivatives becomes less. At o = 0 the damping trends with Reynolds
number were dependent on Mach number. These effects were similar
to those found during the previous Viking test (Ref. 168). One point
worth special mention is that for a Reynolds number of 1.5 x 106 at
M, = 2.75, an instability at @ = 0 is noted, even though there is no in-
stability at the lower Reynolds numbers.

Figure 23 shows the PWT and VKF damping data as functions of
Mach number. The damping derivatives are highly nonlinear with Mach
number; and considering that there are slight differences in Reynolds
number, the two sets of data agree satisfactorily.

The PWT resulis obtained with a sting geometry of dg/d = 0. 0967
and £g5/d = 1. 37 and at wd/2V, = 0. 03 might contain some support inter-
ference effects. It is evident from Figs. 13 and 14 that the sting diam-
eter effect on the damping derivatives becomes less as wd/2V, increases.
Therefore, the PWT results probably contain very little sting diameter
effects since those data were obtained at wd/2V_ =~ 0.03. This point is
substantiated by the fact that the present results on configuration 721M
agree well with the PWT results, even though the sting diameter is
twice as large. Figure 17 shows that sting length effects for a sting
diameter ratio of 0. 183 are large for wd/2V_ =~ 0. 008, but for
wd/2V,_, = 0. 02 sting length effects are much less and show opposite
trends. Even though data are not available for the higher reduced fre-
quency (0. 03), it is believed that based on Fig. 17 the PWT results are
not affected largely by the relatively short effective sting length.

11
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4.2 PRESENT TEST RESULTS
4.2.1 Free-Flight Drag Coefficient

Data for the Tunnel D entry are given in Tables I and II. The drag
coefficients are shown in Figs. 24 and 25 as functions of Mach number
and Reynolds number. The drag coefficient was found to be almost inde-
pendent of Mach number and Reynolds number for the conditions tested.
The average Cp =~ 1.6 is in general agreement with sting-supported data
(Figs. 24 and 25) from Ref. 11 for a slightly different base geometry.

4.2,.2 Effects of Amplitude of Oscillation

Representative damping-in-pitch derivatives are sketched in
Fig. 26 as functions of angle of attack and amplitude of oscillation for
the 721M and BLDT configurations. Figure 26a shows two representa-
tive variations of damping with angle of attack for a constant amplitude
of oscillation. One curve (Region 1) is for the case for which the model
is stable throughout the a range. The second curve is for the case where
the model is unstable in the angle-of-attack range from 0 to approxi-
mately 2.5 deg (Region 3) and stable for angles of attack above about
3 deg (Region 2). Figure 26b shows representative sketches of the damp-
ing derivatives as functions of oscillation amplitude for constant angle of
attack for the various regions of Fig, 26a. Whenever the model is stable
(Regions 1 and 2), the damping derivatives vary little with amplitude of
oscillation. In Region 3 where the model is unstable and the damping
coefficient exhibits a steep gradient with angle of attack, the derivatives
vary with the amplitude of oscillation. The three curves shown for
Region 3 could even be repeat runs for the same test conditions (same
@, Mg, p, and To). From the results of the previous Viking test at
AEDC (Ref. 16), it was found that large scatter existed in the coeffi-
cients at and near zero angle of attack., It was thought that the aero-
dynamic phenomenon which caused the instability was unsteady in nature,
leading to the scatter in the data. The same comment also applies to
the present data. In some instances the present data for a given angle
of attack in Region 3 are repeatable with 8, but for others it is not.

4.2.3 Effects of Angle of Attack

The damping-in-pitch derivatives for BLDT configurations
1000, 5000, and 4000 are shown in Figs. 27 through 31 as functions of
angle of attack for M, = 1,76 to 3. These data were obtained with the
basic sting configuration (dg/d = 0. 183, £5/d = 3.55). The trends of the
damping derivatives with angle of attack are similar to those found
during the previous tests (Ref. 16) on similar configurations. In general,

12
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for the angle-of-attack range from 0 to =2.5 deg the damping deriva-
tives at M, = 1. 76 (Figs. 27a, 28a, 29a, 30a, and 31a) are positive
(dynamically unstable) and exhibit a steep gradient with angle of attack.
For angles of attack from about 3 to 15 deg at M, = 1. 76, the damping
derivatives are negative (dynamically stable) and are essentially in-
variant with angle of attack. At M, = 3 the derivatives show very little
effect of angle of attack, and the configurations are stable. For Mach
numbers between 1. 76 and 3 the pitch derivatives show intermediate
trends between those found for M, = 1. 76 and M, = 3. The damping
trends with angle of attack are dependent on Mach number, Reynolds
number, and reduced frequency parameter, and these trends are dis-
cussed in following sections of the report.

4.2.4 Effects of Reynolds Number

Figures 32, 33, and 34 show the damping derivatives as a function
of Reynolds number for a = 0 and 6 deg for the three reduced frequency
ranges investigated. For an angle of attack of 6 deg the damping de-
rivatives were negative (dynamically stable) and were essentially in-
dependent of Reynolds number for each Mach number and reduced
frequency tested. This was typical for angles of attack from 3 to
15 deg. For the Mach numbers other than M, = 3 the derivatives at
a =~ 0 were either negative or positive, dependling on Mach number and
Reynolds number, and were generally nonlinear with Reynolds number.
At M, = 3, o =0, all configurations were stable, and the derivatives
showed very little variation with Reynolds number. In general, the
variation of the damping coefficient with Reynolds number was small,
but for a few specific cases (Figs. 22d, 32a, and 33b), one point gave
an indication of a large erratic effect.

4.2.5 Effects of Mach Number

The damping derivatives as functions of Mach number for o = 0 are
presented in Fig. 35 for the three reduced frequencies tested. For the
three reduced frequencies and the range of Reynolds numbers tested,
the BLDT configuration was dynamically unstable at M, = 1. 76 and
dynamically stable at M, = 3. The stability or instability of the BLDT
configuration for the Mach numbers between 1. 76 and 3 depended upon
the Reynolds number and the reduced frequency parameter. Although
not shown, the damping-in-pitch derivatives for angles of attack be-
tween 3 and 15 deg were negative (dynamically stable) and showed very
little variation with Mach number for the Reynolds numbers investi-
gated.

13
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4.2.6 Effects of Reduced Frequency Parameter

The dynamic stability derivatives as a function of reduced frequency
parameter (wd/2V,) are presented in Fig. 36 for the BLDT configuration
ata=~0. At M_, = 1,76 (Fig. 36a) increased reduced frequency reduced
the level of dynamic instability for the Reynolds numbers tested. For
M, = 2. 00 (Fig. 36b) and 2. 24 (Fig. 36c) the reduced frequency effect
on the damping derivatives was dependent on Reynolds number. At
M, = 2,50 (Fig. 36d) and 3 (Fig. 36e) the stability derivatives were
essentially invariant with wd/2V, for the Reynolds numbers tested.

Figure 37 shows the effect of reduced frequency on the damping
derivatives for o = 6 deg. These trends are typical for angles of attack
between 3 and 15 deg. The variation of wd/2V_ had very little effect on
the damping derivatives for angles of attack between 3 and 15 deg for.
the Mach numbers and Reynolds numbers tested.

4.2.7 Effects of Nozzles

Figures 38, 39, and 40 show the comparison of the damping deriva-
tives with and without the nozzles for the BLDT configuration. For
angles of attack from 3 to 15 deg at M, = 1. 76 and 2. 23 and 0 to 15 deg
at M, = 3, the nozzles produced no noticeable effect on the damping
derivatives for the reduced frequency parameters and Reynolds num-
bers tested. At zero angle of attack the comparison of the derivatives
with and without the nozzles shows agreement in some cases (Figs. 39a,
40a, and 40b) and disagreement in others (Figs. 38a, 38b, and 39b) de-
pending on Mach number, Reynolds number, and wd/2V,. However,
the effect of the nozzle at & = 0, if any, is within the scatter and repeat-
ability of the data, and the differences are not considered to be signifi-
cant.

4.2.8 Effects of Combined Angle of Attack and Angle of Yaw

The BLDT configuration and balance were rolled -45 and -90 deg
to determine the effect of combined angle of attack and angle of yaw on
the damping derivatives. The model was oscillated in the -45- and
-90-deg planes at various yaw angles. Since the configuration had an
offset center of gravity, the static pitching moment deflected the cross
flexures so that the model was always pitched to some angle of attack
in the -45- and -90-deg planes; therefore, the angle of attack was never
zero when the yaw angle was zero. The data then could not be directly
compared with the ¢ = 0 data.

14
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Figure 41 shows the damping derivatives as functions of yaw angle
for configuration 1090 (¢ = -90 deg). When the model and balance were
rolled -90 deg, the model oscillated in a plane-of-symmetry flow field
(except for the small angle of attack caused by the static pitching
moment which becomes insignificant as yaw angle increases). For
configuration 1000 (¢ = 0) the model oscillated in an unsymmetrical
flow field (except at o = 0) because of angle of attack. Although there
is a difference in the flow fields about the models, the damping de-
rivatives show generally the same trends with yaw angle (Config. 1090)
that were found with angle of attack (Config. 1000, Figs. 27 and 28).

SECTION V
CONCLUSIONS

Wind tunnel tests were conducted to substantiate earlier test re-
sults (Ref, 16) and to determine the dynamic stability characteristics
of the BLDT configuration. The effects of Mach number, Reynolds
number, angle of attack, amplitude of oscillation, reduced frequency
parameter, sting diameter, effective sting length, combined angle of
attack and angle of yaw, and rocket motor nozzles on the damping-in-
pitch derivatives of the BLDT configuration were investigated. Free-
flight tests of the BLDT configuration were also conducted to determine -
free-flight wake definition and drag coefficients. Data were obtained
over a free-stream Mach number range from 1. 76 to 3 at free-stream
Reynolds numbers, based on maximum model diameter, ranging from
0.25 x 108 to 1.49 x 106, Conclusions based on the results presented
in this report are given below.

1. Dynamic instabilities at zero angle of attack on
similar configurations have been found during
forced-oscillation tests at PWT and free-flight
and free-oscillation tests at VKF., The present
data (Config. 721M) agreed well with the PWT re-
sults. Therefore, the model instability at zero
angle of attack shown in the PWT results does exist
and was not a tunnel vibration effect.

2. The basic sting probably produced little or no sup-
port interference effects on the BLDT dynamic
stability data; therefore, the dynamic instabilities
at angles of attack near zero do not appear to be
caused by sting interference.
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3. For angles of attack between 3 and 15 deg the BLDT
configuration was dynamically stable, and the deriva-
tives were generally not a function of Mach number,
amplitude of oscillation, Reynolds number, or reduced
frequency parameter. At angles of attack near zero
the BLDT model was dynamically unstable at the lower
Mach numbers, and the data showed very erratic effects
with variation of the test parameters.

4, In general, the presence of the BLDT rocket motor
nozzles did not affect the damping-in-pitch derivatives.

5. The damping-in-pitch derivatives of the BLDT configu-
ration generally showed the same trends with yaw angle
as with angle of attack.

6. Drag coefficients showed little variation with Mach
number and Reynolds number.
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a. BLDT Config. (d = 2 in.)

b. Tunnel D Installation Photograph
Fig. 1 Free-Flight Model Photographs
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a. Config. 721M, PWT Model-Sting Simulation

AEDC

6748-71
Rocket Motor Nozzles

b. BLDT Config. {(d = 6 in.)
Fig. 3 Photographs of Dynamic Stability Models
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a. Config. A700, d,/d = 0.530, ,/d = 3.55

b. Config. A00O, Basic Sting Geometry,
d;/d = 0.183, £,/d = 3.65
Fig. 4 BLDT Installation Photographs (Tunnel A)
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Fig. 5 Config. 721M Model and Sting Geometry
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AEDC-TR-72-56

a = 1.99 deg a = -0.01 deg
*Shock from Pin A, Hinge Point for Diffuser Plate (Typical All Photographs)

a. Config. 4000, M_ = 1.76, Rey x 10-¢ = 0.75
Fig. 9 Typical Schlieren Photographs from Tunnel A, BLDT Config.
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AEDC-TR-72-566

o

Z

a =0.04 deg a = 3.00 deg

b. Config. 4000, M. = 2.99, Rey x 10 = 0.75
Fig. 9 Continued
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AEDC-TR-72-56

a = 2.56 deg a =0.93 deg

c. Config. 2300, M.. = 1.76, Rey x 10-¢ = 0.75
Fig. 9 Continued
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AEDC-TR-72-56

ap -

a = 2.96 deg a = 1.33 deg

d. Config. 2300, M_, = 3.00, Rey x 106 = 1.25
Fig. 9 Concluded
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AEDC-TR-72-56

1.0 I | | |
Sym  Nozzles ds’d kld
0.8 I- m] On 0.183 3.55
Al off 0.183 1.50
0 Off 0.530 3.55
N Off 0.530 1.50
0.6 ® Free Flight
s/d BLDT Configuration
04 F
®
0.2 |- %
T Data Spread )
0 l I | L
1.0 1.4 1.8 2.2 2.6

Mo

Fig. 10 Bow Shock Stand-Off Distance as a Function of Mach Number
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AEDC-TR-72-56

Sym  Nozzles dsld Esld

----- ) On 0.183 3.5
———— A Off 0.183 1.50
——— () Off 0.530 3.55

---------- A\ Off 0.53¢ 1.50
® Free Flight
BLDT Configuration.

Symbols Indicate Range of Req from 0.25 x 109 to

1.25 x 106 Except as Noted for & and N at Mg =2.25

1.6 T I T | I
IData Spread
. Req x 107
1.2 | e a7
... ‘. A\l 25
dy/d 0.8 |- Saroa .§.@ 26 \
arge Sting = —
dgld = 0.53~ -~ ﬁ‘: *““"9
- i ) S
0.4 - Small Sting
dg/d = 0.183~
0 | | | | |
.0 14 1.8 2.2 2.6 3.0

M

Fig. 11 Wake Diameter as a Function of Mach Number
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AEDC-TR-72-56

Sym Nozzles dg/d  L/d
O On 0.183 3.5
A Off 0.18 1.50
0 Off 0.530 3.55
\\ Off 0.53¢ 1.50
®  Free Flight
BLDT Configuration
3.0 | I T I T
2.0 B m ™
- A
d ¢ +
.twj T & n
Lo y -
I Data Spread
0 | | | | l
1.0 1.4 1.8 2.2 2.6 3.0
M

Fig. 12 Distance from Maximum Model Diameter to Minimum Wake

Diameter as a Function of Mach Number
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-1 T —
0 Sym zRed X 10'6 oéu ﬁ
0
o 0.25 +E"
1 -4 o 0.75 % ~ 2.24
A 1.24 1 Mm | |
5 a= 0 0 0.2 0.4 0.6
) N 4 ¢ I
£ _ 8 = +1.8 deg dg/d
+
o
oE 31 -
4F A -
1.76 £ I I00
=1 M, = 3.
5+ : Mm - ?: Q @ ? 85
][ Data Spread (Typ) QE""' 0 | |
\ , 0 02 04 06
6 dgld -

0 02 04 06
dg/d

a. wd/2V_ = 0.009 to 0.007
Fig. 13 Damping-in-Pitch Derivatives as a Function of Sting Diameter, BLDT Config., %/d = 3.55
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O 0.25
O 0.75
Za 1.24
a=0 3
8 = +1.8deg ©
-+
[~
£
()

" b, wd/2V, ~ 0.021 to 0.019

Fig. 13 Continued

Mg = 2.24
|

0.2

0.4
dgld

0.6

9G-ZL-H1-0203V



Y

-1
g 0
(4]
+
EU'
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2 L
0.

¢. wd/2V_ ~ 0.033 to 0.025
Fig. 13 Concluded
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~ 6
Sym ~Red x 10
o 0.25 -
O 0.75 a=0
A 1.24 0 = £1.8deg
-2 | |
-2 1 |
G
[ pata Spread (Typ) 0
0 2 L);é:’
+ 2 I 7]
2 |- 4 £
) (&
2 i & -
= a4 - Mg = 2.24
6 { 1
| 0 0.2 04 06
ST dg/d
8 I - i -2 T T
© M. = 3.00
M(I) =1.76 o+ o © C, &
10 | | = 0 |
0 0.2 0.4 0.6 © 0 0.2 0.4 0.6
dg/d dg/d

a. wd/f2V,_ =~ 0.009 to 0.007
Fig. 14 Damping-in-Pitch Derivatives as a Function of Sting
Diameter, BLDT Config., %,/d = 1.50
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o] 0.5
0 0.75 a= 0
A 1.24 0 = £1.8deg
-1 [ T
Mm =1.76
£ 0
(3)
+
EU'
'3 1 i
2 | ]

0 02 04 06
dg/d

b. wd/2V, =~ 0.022
Fig. 14 Concluded
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AEDC-TR-72-56

-1 | | I
1}3 —Q
0
1 - Sym Config. Ys/d
i L O 1000 0.183
S oL 0 2700 0.530
= F B =+1.8deg _
=
O
3+ I J[Data Spread
I (Typ)
JL
4 |
5 1 | |
-4 0 4 8 12

a, deg

a. wd/2V, ~ 0.0087
Fig. 15 Effect of Sting Diameter on the Damping-in-Pitch
Derivatives as a Function of Angle of Attack,
M. = 1.76, Rey ~ 0.26 x 106, £,/d = 3.55
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o 5000 0.183

[ =]
=

:-_’ 1k Sym Config. dsld
EU'

o { O 3700 0.530

2 -
0=x1.8deg i
3 | i ll ] -
-4 0 4 8 12 16
a, deg
b. wd/2V, =~ 0.021
-1 | T T

c. wd/2V,_ =~ 0.032
Fig. 15 Concluded
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-1 T ] ]

T ¢

1 - —
Sym Config. dg/d

2r o 2300 0.183 7
o 2900 0.530

’r 6= +1.8 deg 7

4 - —

5 - —

6 | E -

7 - —)

8 | -

9 } ] | L

-4 12 16

o
=3
00

a, deg

a. wd/2V, ~ 0.0087
Fig. 168 Effect of Sting Diameter on the Damping-in-Pitch
Derivatives as a Function of Angle of Attack,
M.. = 1.76, Reqy ~ 0.26 x 106, &,/d = 1.60
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Sym  Config. dsl d
O 3300 0.183
O 3900 0.530
| | |
0 =x1.8deg
! ] ] ]
-4 0 4 8 12 16
a, deg

b. wd/2V_ = 0.021
Fig. 16 Concluded
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9S8-24-H1-2Q3v

sym ~Reqx 107
o 0.25 ~
(] 0.75 g = iol 8 deg
A 1.24 ’
T T -2 T T
] pata Spread ryp)
- ~ 0
Mg = 1.76 £
- ] + 2 -
EU‘
(&
L - 4 | A
Mg = 2.24
- - 6 1 1
0 1 2
1 1 zs!d
0 1 2 3 4 , '
u -
!d 3 1 1
% 4 Mg = 3.00
Ee- 0 | G_ ]
° o 1 2
£/d

a. wd/2V_ = 0.009 to 0.007
Fig. 17 Damping-in-Pitch Derivatives as a Function of Sting Length,
BLDT Config., d,/d = 0.183



Mg = 1.76

1 2
£ld
b. wd/2V, = 0.022
Fig. 17 Concluded
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a 0.75 =+
A 124 8 = £1.8deg
-1 I T o |
= M, = 1.76
UE
+ 0 i B
o
=
o =
1 ] ] |
o ..1
F Mg = 2.24 |
+:,- 8 sy
c_’E 0 l ] |
-
=] I T I
ty Mg~ 3.00
. 6 6
(_)E 0 ] | |
0 1 3 4

2
£/d
a. wd/2V, = 0.009 to 0.007

Fig. 18 Damping-in-Pitch Derivatives as a Function of Sting Length,
BLDT Config., d,/d = 0.530
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sym ~Regx 107
o 0.25 N
o 0.75 a=0
Jay 1.24 8 = +1.8 deg
. I r
Mg = 1.76
.I | |
1 2 3 4
4 /d
I | I
Mg = 2.24 .
O .
1 2 3 4
L /d

b. wd/2V,, = 0.022 to 0.019

c. wd/2V_ =~ 0.033
Fig. 18 Concluded
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Sym Config. bsld

o 1000 3.55 ]
0 2300 1.50

J Data Spread (Typ) |

9 = +1.8 deg B

1F —
8— —
b
u)
9 | | I
-4 0 4 8 2 16

a, deg

a. wd/2V, =~ 0.0087

Fig. 19 Effect of Sting Length on the Damping-in-Pitch Derivatives
as a Function of Angle of Attack, BLDT Config., M_ = 1.76,
Rey =~ 0.26 x 108, d,/d = 0.183
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1 | T
sym Config. s/
B o 5000 3.55 h
3300 1.50
-
= 1], 8 deg
| | 1 ]
-4 0 4 8 12 16
a, deg

b. wd/2V_ = 0,021
Fig. 19 Concluded
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syn Config. %fd =Regx10
o 2100 3.5 . 0.2

-l— O 2900 1.50 0.2%6 —
o'é'"
+ 0
o
F 0=+1.8deg
1 l ] |
4 0 4 8 12 1
a, deg
a. wd/2V, ~ 0.0087
Lld =Re x 1078
-2 [_SJm Config. d L
© 3700 3.5 0.2
O 3900 150 0.2
Y -] -l - _
1=
(&)
-~
EU'
E 0
8 =11.8deg
1 ] ] L
-4 0 4 8 12 16
a, deg
b. wd/2V,, ~ 0.021
Sym Conflg. : 45/d =Regx 108
-1— O 6700 3.5 075 —
e O 6900 150 0.75
QE
+ 0
EB'
o 8=11.8deg
1 1 - |
a, deg

. c. wd/2V, =~ 0.032

Fig. 20 Effect of Sting Length on the Damping-in-Pitch Derivatives
as a Function of Angle of Attack, BLDT Config., M, = 1.76,
d./d = 0.530
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Sym Facility Mp WiVg
®  PWT (Ref. 16) 2.3 0.033
O VKF 2.23 0.032

8=2x1.8deg

a, deg Qra—-‘vf’:
580, Lt
-0.8 T | T | |
v

a, deg
Fig. 21 Comparison of PWT and VKF Data at Various Angles of Attack, Config. 721M
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0.4 0.6 038 1.0 1.5 0.4 0.6 08 10 1.5
Req X 107 Regq X 1076
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Fig. 22 Damping-in-Pitch Derivatives as a Function of Reynolds Number, Config. 721M
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Sym Facility - udi2ve,

®  PWT (Ref. 16) 0.029to 0.038
0 VKF (Present) 0.029 to 0.037
e =

il.8degi a=~ 0

Reg x 107 (Typ

0.73

-0.8 T I T T | -
0550
0.43
<— Fairing of Data
0.3 from Ref. 16
0.43
B 0.60
16 | 1 | ] ] I
1.6 1.8 2.0 2.2 2.4 2.6 2.8
My

Fig. 23 Comparison of PWT and VKF Data at Various Mach Numbers, Config. 721M
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2.0 I T T T
e O o O o0 'e Q 0]

CD 1.0 - CD n 1.6 Typical .
Red ~ 0.24 x 106

0 1 | | |
2.0 I T g !
—— O —=——
c
D L0} 4
Reg = 0.47 x 109
0 ] | | |
2.0 I 1 l l '
— g~ — o -—o&l
Cp 1.0}k ORed~070x106
¢ Reg 0.80x 166, Ref. 11 |
0 ] | ] ]
2.0 | T I T
3
Y
b 1o} O Reg = 0.93x 16 s
ORey~ 1.14x 106
0 ] l | |

1.0 L4 18 22 26 3.0
i

Fig. 24 Drag Coefficient as a Function of Mach Number, BLDT Config.
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T T 11 T

Q

Qo'_uoré,’
|

it ol o
lgsgveo

2.0 |

g
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O‘A*-0--Q'-—

Cb 1o} i

0 ! | |' T e
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Reg x 1070

Fig. 25 Drag Coefficient as a Function of Reynolds Number, BLDT Config.
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a —»
- [ Region 2
/é'_:__"_’_'_'_'_':_"_’_'_’)
3 0 'f f
oE !f ,:'
+ / /
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&= e Region 3
/7 !/
s J/
( ,/
+
0 a—
a. Damping Derivatives as a Function of a, 8 = constant
) .~ Typical for Regions
l1and?2
£ 0
(&
+ \
=2 . .
E Typical for Region 3
for a Given Angle
of Attack
N .
0 g —

b. Damping Derivatives as a Function of 8, a = constant
Fig. 26 Representative Damping Derivatives as a Function of Amplitude of Oscillation, 8
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= .

| [ |

-4 0 4 8 12
a, deg
a. M, = 1.76, wd/2V,_ ~ 0.0087

I I T

: L | |
-4 0 4 8 12 16

a, deg

b. M. = 2.00, wd/2V,, ~ 0.0077

AEDC-TR-72-56

8=11.8deg
£gld =3.55
dy/d = 0.183

' Fig. 27 Damping-in-Pitch Derivatives as a Function of Angle of Attack,

Config. 1000, Rey =~ 0.26 x 10€
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Fig. 27 Concluded
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-1 T T |
T3
b 8.~ 1.8 deg ] I°'ﬂ’8d°g
£/d - 3.5 ‘SI" "3.%
d.Jd » 0,183 dg/d = 0.183
s 2t . - -1
E T T 1
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+E°_ [0 I O —O
') 3F = 0 -
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4l 15 1t 7
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5 . 2 | T
6 | ] | 3 1 ] |
-4 0 4 8 12 16 -4 0 4 8 12 16
a, deg a, deg
a. M, =176, wd/2V_ ~ 0.0093 b. M, = 2.01, wd/2V, = 0.0084

Fig. 28 Damping-in-Pitch Derivatives as a Function of Angle of Attack,
Config. 1000, Rey = 0.75 x 106
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Fig. 28 Concluded
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1 1 L
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a, deg
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| | |
- o
| | ]
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c. M_ =223, wd/2V, ~ 0.019

AEDC-TR-72-66

8 = £1.8 deg
ld = 3.55
dgld = 0.183

Fig. 29 Damping-in-Pitch Derivatives as a Function of Angle of Attack,

Config. 5000, Rey = 0.26 x 108
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Fig. 29 Concluded
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6 = +1.8 deg
£gld = 3.55
d¢/d = 0.183

AEDC-TR-72-56
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a, deg
a. M, =176, wd/2V, ~ 0.021
-1 T ] l

1 -
2 | | |
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a, deg
b. M. = 2.01, wd/2V_, =~ 0.020

Fig. 30 Damping-in-Pitch Derivatives as a Function of Angle of Attack,

Config. 5000, Rey ~ 0.75 x 108
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Fig. 31 Damping-in-Pitch Derivatives as a Function of Angle of Attack,
Config. 4000, Rey ~ 0.26 x 108
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Fig. 32 Damping-in-Pitch Derivatives as a Function of
Reynolds Number, Config. 1000
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Fig. 33 Damping-in-Pitch Derivatives as a Function of Reynolds
Number, Config. 5000
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Fig. 34 Damping-in-Pitch Derivatives as a Function of Reynolds
Number, Config. 4000
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Fig. 35 Damping-in-Pitch Derivatives as a Function of Mach Number
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Fig. 36 Damping-in-Pitch Derivatives as a Function of Reduced Frequency
Parameter, BLDT Config., a = 0
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Fig. 36 Continued
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Fig. 37 Damping-in-Pitch Derivatives as a Function of Reduced Frequency
Parameter, BLDT Config., a =~ 6 deg )
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Fig. 38 Effect of Nozzles on Damping-in-Pitch Derivatives, BLDT Config.,
Rey =~ 0.25 x 106, wd/2V,, =~ 0.007
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Fig. 39 Effect of Nozzles on Damping-in-Pitch Derivatives, BLDT Config.,
Rey =~ 0.25 x 108, wd/2V_ =~ 0.02
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Fig. 40 Effect of Nozzles on Damping-in-Pitch Derivatives, BLDT Config.,
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TABLE |
FREE-FLIGHT DRAG DATA

Model Physical Data Mach Number _Red x 10-6
Weight, 7 in. Zcgs Free Free c

Group 1b Nozzles “h’ in. Stream Model Stream Model D

2 0.1398 On 0 0 1.72 1.66 0.248 0.239 1.61

4 0.1385 1.61 0.746 0.699 1.68

7  0.1399 1.59 1.206 1.116 1.39
14 0.1389 . 1.61 1.002 0.937 1.44
15  0.1435 0.021 0.021 1.64 0.497 0.474 1.49
17  0.1501 0.042 0.042 1.64 0.497 0.474 1.59
18 0.1398 0.034 0 ! 1,59 1.254 1.161 1.37
19  0.1366 0 2.00 1.93 0.258 0.249 1.62
20 0.1389 1.81 0.498 0.476 1.54
21  0.1393 1.88 0.747 ©0.704 1.73
23  0.1401 2.21 2.15 0.240 0.233 1.58
24 0.1399 ' 2.12 0.485 0.465 1.58
25  0.1383 2.10 0.718 0.684 1.59_
26  0.1395 ' 2.08 0.982 0.923 1.60
27  0.1385 ! 2.06 1.222 1.138 1.68
28  0.1413 0.021 0.021 2.11 0.484 0.463 1.73
31  0.1394 0 0 2.49 2.42 0.250 0.243 1.72
32  0.1399 2.50 2.40 0.504 0.483 1.79
34 0.1383  Off 2.40 0.499 0.479 1.74
35 0.1388  On 2.98 2.91 0.256 0.250 1.54
36  0.1387 | 3.00 2.88 0.767 0.736 1.58

—»l le— 0.459 in.
L Z, and Z

T l / \lh cg Z, - Mounting Hole Offset
_K @ Zeg ~ Center-of-Gravity Offset
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TABLE I

TUNNEL CONDITIONS FOR FREE-FLIGHT TEST

Group M. Req x 106 p,, psia To, °R q_, psia v,, ft/sec
2 1.72 0.248 5.01 526 2 .04 1531
4 0.746 15.10 527 6.15 1533
7 1.206 24 .29 525 9.89 1530

14 1.002 20.18 525 8.21 1530
15 0.497 10.02 525 4.08 1530
17 0.497 10.03 525 4.08 1531
18 } 1.254 25.30 525 10.30 1531
19 2.00 0.258 5.81 525 2 .08 1674
20 0.498 11.21 526 4.01 1674
21 0.747 16 .83 526 6 .02 1674
23 2.21 0.240 5.93 525 1.87 1764
24 0.485 11.91 523 3.75 1761
25 0.718 17 .55 521 5.53 1757
26 0.982 24 .15 523 7 .60 1761
27 1.222 30.23 525 9.52 1765
28 0.484 11.99 526 3.77 1766
31 2.49 0.250 7.14 527 1.84 1871
32 2.50 0.504 14 .22 521 3.64 1864
34 2.50 0.499 14.19 524 3.63 1869
35 2.98 0.256 9.31 524 1.62 2006
3 3.00 0.767 28.10 523 4 .82 2008
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TABLE 111
DYNAMIC STABILITY TEST SUMMARY

Schedule
Configuration (See Table IV) ~wd/2V_ x 102 ~a, deg
721M a2t 3. 64 -3.0to 9.2
Aqt 3.67 -3.0t0 9.2
ATt 3.70 -3.0to 9.1
B2t 3. 39 -3.0to 9.7
B3t 3.40 -3.0to 9.6
C2 3. 20 -3.0to 9.8
C4 3.23 -3.0to 9.6
Cé 3.23 -3.0to 9.5
cst 3. 26 -3.0to 5.5
E1f 2.91 -3.0to 9.8
0P Al 2.92 -3.0to 9.7
E3f 2.95 -3.0to 9.5
r E4f 2. 96 -3.1to0 7.4
1000 Al 0. 85 -1.8 to 14. 2
A3t 0. 87 -1.6 to 13.8
A5 0.91 -1.5 to 13.2
AsT 0. 95 0to 12.9
Ag* 0.98 0to 12.7
B1 0. 77 -0.9 to 15. 2
B4 0.84 -0.4 to 13.5
B5* 0.91 2.0 to 13.9
C1 0.173 -2.0 to 14.1
C5 0. 80 0.4 to 14.2
C* 0.85 1.5 to 13.9 -
D1 0.70 -1.9 to 14.2
pot 0.73 -1.0 to 14.5
D3 0.76 -1.3 to 13.6
pat 0.78 -0.8 to 13.5
y F1 0. 64 -0.5 to 14.6
Faf 0. 66 -1.0 to 14.5
F3 0. 68 -0.8 to.14. 4
Fat 0.71 -0.5 to 14.2
» Fs1 0.73 0.6 to 14.0

TPortions of data presented.
*Data not presented.

Note: 16 range = 0.6 to 2,4 deg
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TABLE 11} {Continued)

Schedule
Configuration (See Table IV) =~wd/2V, x 102

1045 Alx 0.84
l C1% 0.74
F1* 0. 64

1090 Al* 0. 86
A5* 0.92

A8 1.00

C1% 0. 74

C5%* 0.81

CT* 0. 86

F1% 0.64

F3% 0. 69

F5% 0.174

2000 Al 0.85
C1 0.74

C7* 0. 85

Fl 0.64

2300 A1l 0.84
A5* 0.92

Ag¥ 0.98

cit 0.74

cst 0. 80

ci7t 0.85

F1T 0.64

F51 0.73

2301 A5% 0.91
2302 A5* 0.91
2700 Al 0.84
A 3% 0. 89

ast 0.92

ast 1.00

cif 0.74

cst 0. 80

C7* 0, 86

F1f 0. 64

Faf 0. 69

Fst 0.74
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TABLE Ill {Continued)

Schedule
Configuration (See Table IV) wmwd/2V, x 102
2900 A1l 0. 85
AsT 0.92
AB* 0. 99
cit 0.173
cst 0. 80
C7* 0. 87
FiT 0. 64
F3f 0. 69
F5i 0.173
3000 Al 2. 11
A5 2. 15
A8* 2. 16
C1 1. 86
C5 1. 89
CT* 1.90
. 3100 Al* 2,12
AB* 2. 14
Ag* 2.17
3300 A1l 2.13
! AsT 2, 14
Ast 2, 16
3400 a1t 2.12
AsT 2.16
L cf 1.90
3600 Alx 2.12
3700 Al 2,12
Ast 2. 14
Agt 2. 17
cit 1. 86
3900 Al 2.12
' AsT 2, 15
ast 2,17
cit 1. 86
C5% 1.88
C7* 1.90
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~a, deg

-1.9to 14.1
-1.8t0 13,1
-1.5 to 12,
-0.5 to 14,
-1,5t0 13.
-1.0 to 12.
-1.5 to 14.
-0.7 to 14,
-0.4 to 14.

-2.0 to 14,
-1.9 to 14.
-1.7 to 14.
-2.5 to 14.
-1, 7 to 14,
-1.7 to 14,

-1.9 to 14,
-1.8 to 14,
-1.6 to 14,

-1.9 to 14.
-1.8 to 14.
"1.6t0 14-

0to 9,
0.2 to 14.
-1.6 to 14.

0

-2.0 to 14.
-1.9 to 14.
-2.6 to 14,
-1.9 to 15.

-2.0 to 14.
-1.8 to 14,
-1.7 to 14.
-1.9 to 14.
-1. 8 to 14.
-2.1 to 14.
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TABLE 11l (Concluded)

Schedule
Configuration (See Table IV)  ~wd/2V_ x 102 ~a, deg
4000 Al 3. 22 -3.0 to 14.9
Ast 3.25 -1.9to 5.9
asgt 3. 27 -2.0to 1.9
C1 2. 82 -2.0to 5.9
cst 2. 84 -1.9to 5.9
c7t 2. 85 -1.9to 5.9
Fl 2, 48 -2.0to 9.9
Faf 2. 49 -1.9to 5.9
F5T 2.50 -1.9to 5.9
5000 Al 2,12 -1.9 to 14.9
asf 2,12 -1.9to 5.9
A5 2,13 ~1.7 to 14.7
AsT 2. 15 -1.7to 5.9
asT 2. 16 -1.7 to 14.6
B1 1.96 -1.9 to 14.8
B4 1.98 -1.8 to 14,17
B5T 2,00 -1.6 to 14.6
C1 1.85 -1.9 to 14.9
C5 1. 87 -1.8 to 14.17
c7t 1, 88 -1.6 to 14.6
D1 1,76 -1.9to 14.9
p2f 1. 717 -1.9to 5.9
D3 1,77 -1.9 to 14.7
D4t 1.78 -1.9to 5.9
D571 1.80 -1.7to 14.6
F1 1, 64 -1.9 to 14. 9
F3 1.64 -1.8 to 14.8
F57 1,66 -1.7to 9.8
6700 A1l 3.22 -2.0to 5.9
AsT 3.25 -2.9 to 14.7
ast 3.28 -1.9to 5.9
cst 2,85 -4.9to 5.9
Fit 2, 49 -2.0to 5.9
F5T 2.51 0to 5.9
6900 ast '3.25 ~2.9 to0 14. 8
6900 Ast 3.28 Z1.9to 5.9
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TABLE IV
TUNNEL CONDITIONS FOR DYNAMIC STABILITY TEST

Schedule M» Reyx106 p  psia To» °R G, Psia Ve, ft/sec

Al 1.76 0.26 1.95 560 0.78 1604
A2 0.42 3.17 562 1.27 1607
A3 0.49 3.66 562 1.47 1607
A4 0.68 5.06 560 2.03 1604
A5’ 0.75 5.58 560 2.23 1604
A6 1.05 7 .82 560 3.13 1604
A7 1.09 8.12 560 3.25 1604
A8 1.24 9.29 561 3.72 1606
Bl 2.00 0.25 2.05 561 0.73 1731
B2 0.43 3.53 560 1.26° 1729
B3 2.01 0.69 5.69 560 2.02 1734
B4 0.75 6.20 561 2.20 1736
B5 2 .02 1.23 10.22 562 3.61 1742
cl 2.23 0.25 2.29 562 0.71 1835
c2 0.43 3.93 561 1.22 .1833
c3. 0.54 4.98 560 1.54 1832
c4 0.71 6.48 560 2.01 1832
C5 0.75 6 .89 562 2.14 1835
c6 2.25 1.10 10.21 562 3.12 1843
c7 1.22 11.39 563 3 .49 1845
cs8 1.49 13.78 561 4.22 1842
D1 2 .46 0.25 2.58 559. 0.68 1918
D2 2 .47 0.50 5.17 561 1.35 11925
D3 2.48 0.75 7.75 560 2.01 1926
D4 2.49 1.01 10 .49 561 2.70 1932
D5  2.50 1.25 13.09 561 3.35 1935
El 2.75 0.43 5.15 561 1.08 2014
E2 0.70 8.31 561 1.75 2014
E3 1.10 13.07 560 2.75 2013
E4 . 1.48 17 .68 562 3.72 2016
FI . 2.99 0.25 3.38 566 0.58 2088
F2 3.00 0.49 6.79 567 1.16 2093
F3 0.74 10.23 567 1.75 2093
F4 0.98 13.55 567 2.32 2093
F5 3.01 1.24 17.12 565 2.91 2091
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