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Nomenclature

' =moment/Qsd, static moment coefficient

=9C,,/da, static stability coefficient, rad ™!
+C,, =0C,/3(qd/2V)+3C,,/3(ad/2V), damping

stability coefficient, rad !

= dynamic pressure, Ib/ft?

= wd?/4, reference area, ft°

=model diameter, ft

=velocity, fps

=angle of attack, deg
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Introduction

HE current trend in maneuverable missile development

has created an interest in the nonlinearity of the stability
coefficients with angle of attack for high-fineness ratio,
finned missiles. New wind-tunnel testing techniques' and
flowfield analyses® are being undertaken. To validate these
new procedures, comparisons are being made with the Basic
Finner configuration.? The Basic Finner, Fig. 1, has been
selected by the Supersonic Tunnel Association and AGARD
as a standard research configuration for the evaluation of new
testing and analysis techniques.

In this regard the static and damping stability coefficients
for a Basic Finner model are presented as obtained from
supersonic wind-tunnel tests.® These coefficients will sup-
plement the currently available data. *®

The stability coefficients presented in this note were deter-

mined for angles of attack from 0 to 20 degrees, at a Mach
number of 1.5. The fineness ratio (length/diameter) was 10. A
standard free-oscillation wind tunnel testing technique® was
used to obtain the angular performance data. This technique
employs a strut or side mount, and the model was free to
oscillate in the pitch plane.

A nonlinear data analysis procedure® was used to extract
the variation of the pitching and damping stability coef-
ficients, C,,, and C,,, + C,.,, respectively, with angle of at-
tack.

Discussion

Cp,and €, + C,, as functions of « are presented in Figs.
2 and 3. The uncertainty of C,, was 5% and C,, +C,,
was +11% as determined from the repeatability of the test
data. Good agreement was obtained at low « with the ballistic
range and wind-tunnel tests of Refs. 4 and 6, respectively.
However, small differences do exist; this is due to the slight
center of gravity variations of the various models used. The
nonlinear variations of C,, and C,,,q-l—C,,,d with « are con-
sistent with the results of Refs. 1 and 8, i.e., C, shows a
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Fig.1 The Basic Finner model.
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Fig.2 Static stability coefficient, C,
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Fig.3 Damping stability coefficient, C,,,q +Cp,

reduction in static stability with increased «, while C, et Cg
shows increased damping stability. Magnitude variations are
apparent, resulting from the differences in the Mach numbers
of the various tests. It is felt that this data will extend the
angle-of-attack range of available stability coefficients for
finned missiles, and contribute to a better understanding of
missiles at high angles of attack.
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Nomenclature
=axial distance from base (positive: downstream)
=location of rear stagnation point
=model diameter
=probe diameter
=approach Mach number
=pressure coefficient
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Introduction

UMEROUS experimental investigations of axisym-

metric near-wakes have shown that the low-pressure
recirculation region associated with blunt based vehicles con-
tributes to the total drag of the body. This contribution may
be significant depending on the geometry of the vehicle and its
speed. A knowledge of near-wake phenomena is essential for
reentry vehicle design, since it is this region that provides the
initial deceleration of the body. In addition, the near-wake
structure determines the configuration of the far-wake. In-
formation concerning both of these regions of flow is
necessary for the successful deployment of any parachute and
for determining its inflation-drag and -stability, drag ef-
ficiency and structural loading. All these data must be known
to accomplish a soft landing.

Over the past thirty years, there have been many ex-
perimental investigations of the wakes of various axisym-
metric bodies and a number of theoretical analyses. Rather
complete literature reviews of the available data may be found
in Refs. 1-3. From these reviews, it can be seen that there is a
paucity of consistent, reliable experimental data in the sub-
sonic speed range. It is in light of this fact that the results con-
tained in this Note are presented.

The extent of the near-wake region is very important to the
design ‘of decelerator systems and theoretical wake analyses.
One wake characteristic which is dependent on the freestream
Mach number and describes the size of the near-wake is the
location of the time averaged, rear stagnation point. Attempts
in the past to locate this point as a function of Mach number
in subsonic flows have been hampered by the presence of a
sting or other model support devices and by probe in-
terference effects. This Note presents some recent data where
these effects have been eliminated.
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Apparatus and Procedure

A series of tests were conducted in a second-generation
Rutgers Axisymmetric Near-Wake Tunnel (RANT I1).! This
tunnel was designed and constructed for interference-free
studies of turbulent axisymmetric near-wakes at subsonic
speeds. As shown in Fig. 1, the unique feature of RANT II is
an upstream sting which was designed as an integral part of
the nozzle to produce uniform flow over a 1.9-cm diam cylin-
drical model. RANT II is an open jet, blowdown type tunnel
capable of producing speeds over the entire subsonic Mach
number range. The nozzle has an overall contraction ratio of
8:1 and an exit diameter of 10.16 cm. Reynolds numbers for
the tests varied from 0.1x 107 per meter to 3.1x 107 per
meter. Stagnation pressures varied from just above at-
mospheric pressure to 206 kPa absolute, while the stagnation
temperature was 283 K11 K. Velocity profiles of the boun-
dary layer approaching the blunt base showed that it was tur-
bulent and fully developed for all approach Mach numbers.

A stagnation point may be characterized as a point in a
flowfield where the static and total pressures are equal (that is
the dynamic pressure equals zero). For an axisymmetric body,
one such point occurs on the centerline at the downstream
limit of the near-wake. Figure 2 shows a schematic of the flow
model. To locate this point, total and static pressures on the
near-wake centerline were measured by extending either a
pitot probe or a static probe from the blunt base through a
hole in the center of the base. Both probes consisted of a
straight piece of stainless steel tubing with an 0.d. of 0.89 mm
and an i.d. of 0.61 mm. The tip of the piiot probe was open
and rounded while the static tube had a tip which was plugged
and rounded. The static probe had an orifice 0.56 mm in
diameter located on the side wall of the probe 0.60 cm from
the tip. The location of both probes was changed by manually
sliding them in or out of the base. The position of each was
measured with a precision scale readable to 0.25 mm. The
pressure sensed by the probes was measured with a water
manometer readable to 0.13 cm of water. .

In addition to the probe pressure, the base pressure was
measured to monitor the basic flow. No change in base
pressure was observed during the centerline surveys. This was
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Fig.2 Flowfield schematic.



