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SUMMARY
Preliminary stability studics were conducted on shapes

suitable for high density, clusterecd packaging. One-degrce-of-freedam,
free oscillation tests were conducted in the 7- by 10-Inch Transonic
Wind Tunnel at Mach numbers of 0,50 and 0,80, Blunt subweapons,

with rectangular fins as stabilizing devices, were tested as well

as clusters with nose fairings, tail fairings, and "clipped-delta"'
fins. The results of this study arc qualitatively presented in
tabular form, The only shape which was both statically and dynamically
stable for all modes was a cylindrical blunt body,

INTRODUCT ION

The concept of utilizing high density, packaged cluster weapons
which would separate into subwecapons following launch has become
attractive for many military applications, A feasibility study of
thesc weapons has been initiated in the Aerodynamics Laboratory,
Onc phase of this study was to investigate the static and dynamic
stability characteristics of numerous shapes which lend themselves
to the cluster concept (i.e., cither a cluster itself or a subweapon).
A one-degree-of-frecedam, free oscillation wind tunnel test was conducted
to obtain qualitative stability characteristics., '

SYMBOLS
D reference length, feet

pitch moment of inertia, slug-ftz

L)

dynamic pressure, 1':ounds/f¢:et2
reference arca, feet

free-stream velocity, feet/second
angle of attack, degrees

period of oscillation, seconds
oscillation frequency, radians/second

€ 4 0 < n.o
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. MON:LS
Two basic sets of models were tested - blunt bodies which repre-
scnted individual subweapons, and bodies with nose and tail fairings
which represcnted the cluster weapons, Therc were marked diffcrences
between the two sets, which will be discussed below; however, all
models tested had two cammon characteristics, That is, they were
all constructed of hardwood with a steel core inserted to insure

a desirable mament of inertia. Secondly, square holes were drilled in
each model at 50 percent of the body length (a possible full scale center
of gravity) for the insertion of a transverse rod. In addition to
supporting the models, this rod served as the axis of oscillatiom,

The longitudinal geametric characteristics of each set are presented

in Figure 1,

SUBWEAPONS

The blunt bodies were all 2,5" long and appraximately 0.75" in
dianeter, The steel core, which was 2,25" long, was inserted
fran the rear and was flush with the aft end., Twenty-two different
configurations were tested, This represented seven distinct
cross-sections (the details of which are presented in Figure 2)
tested in different roll orientations with various fin schemes,
All fins, bonded into the wood, had identical, rectangular planfomms
(see Figure 1) and an exposed span of 0,.5'. The fin schemes and axis
of oscillation for each configuration are shown in Table 1,

_ CLUSTERS

The clusters were all 4" long and were approximately 0.75" in
diameter. Part of this length included detachable 0,75" length tangent-
ogive nose and tail fairings. The steel core, which was 3" long, was
inserted in the body (center section). It protruded fran the forward and
aft ends enough to allow attachment of the fairings. Twenty-six different
configurations were tested, This represented seven distinct cross-
sections (the details of which are presented in Figure 3) tested in
different roll orientations with various fin schemes, All fins,

bonded into the tail fairing, had identical "clipped-delta” planfoms
(see Figure 1) and an exposed span of 0,25, The fin schemes and axis
of oscillation for each configuration are shown in Table 2,




APPARATUS AND PROCEDURE

The tests were conducted in the 7- by 10-Inch Transanic Wind
Tunnel on the ome-degrec-of-freedom, frce oscillation rig,
This consisted primarily of a thin vertical rod which went
through the slots in the test section floor and ceiling, The
bottam portion of this rod, which rested bclow the test section,
_ canie .to a sharp hardened point which allowed it to rotate with a
2 minimm of friction. The upper portion had a pointer welded to
the shank, A 360° angle indicator was fixed on the top of
the tunnel and under the pointer,
2 The model was mounted to and supported by the rod in the
- : center of the test scction. As the model rotated, so did the

" j, rod ‘and indicator. Oncc the tunnel attained the desired spced, the

: model was rotated to the desired angle-of-attack and then released.
The subsequent motion of the model was recorded by filming the
motion of the indicator over the canpass., A timing light was
simultaneously recorded on the £ilm so that a time history of
the angle-of-attack could be studied, For this test a Photosanic
camera was used at a film speed of approximately 350 frames/sec.

All 48 cnfigurations were tested at a Mach number of 0.5 and
g most of these weére also tested at a Mach number of 0.8. If a con-
\ figuration was quite unstable at the lower Mach number, it was
o eliminated fram further consideration, The tunnel was run consistently
; at a total pressure of spproximately 1000 psf, The dynanic pressure
was approximately 148 psf at M = 0.5 and approximately 294 psf at
M=0,8,

o B

RESULTS AND DISQUSSION
The theory covering the analysis of free oscillation tests
, is given in Reference 1. If the time history of one-degree-of-freedom
|, free oscillation is plotted, it will look like the following sketch:




The pitch damping derivative is detemmined in the following

o5 () = @

The static pitching moment slope is given by:

: ‘ w? I
S G~ FOLETY

. § Fron these equations it can be seen that the necessary and sufficient
| ) requirements for a model to be dynamically stable are that t be finite
and that a; be greater than s, For static stability the only
requirement is that t be finite, Therefore, one can obtain qualitative |
stability characteristics rapidly by observing the motion picture of
the data. If a model oscillates, then it is statically stable and
if the oscillatory motion is cotinually damped, then it is also
dynamically steble. One can obtain quantitative stability characteristics
by reading the film and using the above equations.
Since this examination was preliminary in nature and the goal
was to detemine which shapes were pramising, it was decided that
the fomer appraoch (i.e., qualitative) would be sufficient. All
films were reviewed and the dynamic and static stability was recorded
as eithcr affimative or negastive, The results are presented in
Table 1 for the blunt subweapons and in Table 2 for the clusters with
the fairings.




It can be noted that many of the configurations tcsted were stati-
cally stablc. On the other hand, the dynamic stability characteristics
of the majority of configurations were poor. Only onc set of
configurations - circular, blunt subwcapons - was completcly stable
with both "x" and '"plus" fin configurations, A few other con-
figurations werc marginally stable, For example, the clipped-
triangle cross-section, blunt body was cssentially stable at
angles of attack less than 20°., Some other configurations were
camplctely dynamically unstable. The square cross-section with slightly
rounded corners (configurations 3-6) is an example of this casc.

Rather than discussing each configuration, the reader is directed to
Tables 1 and 2 for the results.,

An investigation of the data leads to a few important observations.

The concept of constructing models with a basic steel core and

'interchangeable bodies is attractive from a standpoint of econom)?

and model construction., It is particularly ideal for tests where
minor body modifications are desired throughout the test. liowever,
this concept demands that a model have a diameter larger than possible
with a solid body (i.c., a solid body could have a diameter identically
equal to that of the core itself). Thus to obtain a desired fineness :
ratio, the body ‘has to be longer. As previously stated, same of the
models. for this test were approximately 4' long and 0.75" in diameter,
It is suspected that these bodies used in this test were too large
for the tunnel. This suspicion is verified by the recurrence of
noticeable wall effects throughout the test, Many models oscillated
around 60°, broke out of this cycle and then oscillated about zero
degrees.

A final observation is that the fins for the cluster weapons
could probably have had more span, It is suspected that, with
flow separation, much of the fin was ineffective.




CONCLUSIONS
Of all the models tested, the blunt bodies with circular
cross-sections exhibited the best stability characteristics, However,
it should be remembered that this was an initial look at stability
characteristics. Future investigations should incorporate smaller
models with relatively larger fin spans, and possibly greater fineness
ratios.

Aerodynanics Laboratory

Naval Ship Research and Development Center
Washington, D. C. 20007

September 1968
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Figure 2 - Cross-Sectional Characteristics of Blunt Subweapons
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Figure 3 - Cross-Sectional Characteristics of Cluster Weapons
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