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2) Further metal purification work on vacuum distillation,
centrifugal slagging, and zone refining with alloys of lunar or
asteroidal compositions.

3)Deployment of a small scale, Earth-proven system in low
Earth orbit to investigate the effect of zero gravity on the pro-
cess and equipment.
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Effects of Cross Section and Nose
Geometry on Slender-Body Supersonic

Aerodynamics
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Nomenclature
CD = drag coefficient
CL = lift coefficient
dB — cylinder diameter
dN = blunt-nose diameter
Re(dB) = Reynolds number based on cylinder diameter
Xcp = center-of-pressure location aft of nose-afterbody

interface
a = angle of attack
*V = angle of roll
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Fig. 1 Schematic of models tested.

Introduction
'T'HE development of higher-performance missiles has
A stimulated research into noncircular cross sections, e.g.,

Jackson and Sawyer1 and Daniel et al.2 The implications relate
to bank-to-turn capability and improved storage capacity for
multiple unit packing.

This Note presents details from an experimental program to
examine the effect of octagon, square, and triangular
cross-section shape, coupled with nose geometry on the
supersonic aerodynamics of a family of "slender" shapes. The
results presented are static force coefficients CL, CD, and
center-of-pressure plots as a function of angle of attack and
roll angle.

Facility and Models
The experiments were performed in the University of

Southampton's closed-circuit induction supersonic wind
tunnel. This tunnel provides a flow Mach number of 1.64 for
durations of typically 30 s, during which the installed
strain-gaged, shrouded sting support traverses 0 deg <
a < 15 deg.

The models tested in the program consisted of fore-
body/afterbody combinations. The two axisymmetric
forebody-nose sections constituted a pointed and blunted
15 deg half-angle cone. The afterbody family comprised
circular, octagonal, square, and triangular cross sections. A
schematic of the model assembly is shown in Fig. 1. The family
reference area S is the cross-section area of the mother circular
cylinder afterbody about which the noncircular shapes were
based, preserving the 7-mm i.d. for the sting mount. The
blunt-nosed forebody has a bluntness ratio of dN/dB = 0.625,
where dB is the family cylinder diameter. The Reynolds number
is Re(dB) = 2.4 x 105.

Results and Discussion
The lift and drag coefficients vs angle of attack for the

pointed-cone and blunted-cone family configurations are
shown in Figs. 2 and 3. The lift-curve slopes for data a < 6 deg
are approximately linearly independent of nose shape or
afterbody. The flat-bottom cross sections sustain linearity
beyond 6 deg, with the most pronounced nonlinearities
occurring with the cylinder and octagon afterbodies.

The CD vs angle-of-attack data shows CD to be
approximately constant to a = 6 deg, beyond which
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Fig. 2 C£, CD vs angle of attack for the pointed-cone nose models.

angle-of-attack-dependent nonlinearities are present, with the
most significant nonlinearities being associated with the
triangular cross section. The high multisurface octagonal shape
is perceived by the flow as being similar to the circular form in
that CL and CD data are similar. Because of this observation,
reduced emphasis is placed on the discussion of the octagon
cross-section model data.

The center-of-pressure location as a function of angle of
attack, for the cylinder, square, and triangular cross-section
models, is shown in Fig. 4. Clearly, at low angles of attack, the
nose shape will dominate the pressure distribution. The effect
of the blunt nose at near zero angle of attack is to bring the
center of pressure forward compared to the pointed-nose
configurations. However, at increased angle of attack,



MARCH-APRIL 1988 ENGINEERING NOTES 191

Cross Section
A Triangular
D Square
O Cylindrical
Reb = 2.UO x 105

M = 1.61
\l> = 0°

D
O

cx<6.0°

Separation Line

Shed Vortices

a) Cone-cylinder flowfield.

ex > 6.0°
Uoo

0.8

0,6

0.5

^ A

3 D
! o

A

D
0

A

D
O
,

A

D

O

,

A

D

0

,

D C

0 °
0

o °

0 3 6 9 12 cx° 15

Fig. 3 CL, CD vs angle of attack for the blunted-cone nose model.

(S> 0)

0 = 0 ° > = 45°

t t
b) Shape and roll effects on crossflow.

Fig. 5 Leeward surface vortex formation.
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Fig. 4 Center-of-pressure locations vs angle of attack.

a > 3 deg; the reverse applies, with the cylinder offering the
most pronounced difference. The experimental data of the
pointed-cone nose cylinder model compare well with the
prediction method of ESDU.3

The angle-of-attack-dependent trend in center-of-pressure
location movement is cross-section-sensitive. The triangular
cross-section model attains a more rearward station than the
circular cross-section model with a Xcp =/(a)" relationship,
where n < 1. Unlike the static force coefficient data, the
octagon clearly shows different Xcp trends than those of the
cylinder. Of particular note are the trends in d(XcpID)/d(x, with
respect to static margin.

The near zero angle-of-attack characteristics are dominated
by nose geometry. With increasing angle of attack, the
contributions of the exposed afterbody and associated viscous
crossflows dominate. For the pointed-cone nose cylinder
geometries, the viscous-layer development is postulated as in
Fig. 5a, with the separated flow lifting clear of the vehicle for
a > 6 deg. This is thought to explain the observed CL : a and
CD : a trends. Surface discontinuities in the crossflow plane
serve to modulate the upper surface vortex flow, with the
abrupt contour changes acting as separation anchor points, as
shown in Fig. 5b. The nature of these cross-section-dependent
effects on the viscous crossflows are thought to explain the
cross-section-dependent observed trends in CL, CD, and Xcp.

The roll sensitivity of lift and drag coefficients is
summarized, for the square and triangular models, in Fig. 6.
The roll sensitivity is increasingly pronounced with angle of
attack, and the a = 15 deg data are expressed in the
dimensionless form CL(W)/CL(V = 0 deg) vs ¥/¥(form),
where ^(form) is the maximum roll angle from *P = 0 deg to
the nonrepeated orientation of the form; i.e., for the square,

form) =45 deg; for the triangle, *F( form) = 60 deg. The
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Fig. 6 Roll effect on CL and CD9 <x = 15 deg.

most significant feature is that the lift and drag coefficients
increase with roll angle for the square model but decrease for

the triangular model. At this high angle of attack, the
sharp/blunt contrast is minimal, as expected.

The postulated crossflow fields of Fig. 5b, referenced with
the roll data, identify two competing influences; namely,
windward flow contributions and upper surface vortex
formation. Leeward surface vortex formation anchored by a
surface discontinuity adjacent to a nonflat leeward surface
appear to promote increased lift and drag. This is in agreement
with the ogive-nose square cross-section normal-force
coefficient transonic/supersonic data of Schneider.4

Concluding Remarks
A family of slender geometries of various cross-section shape

and nose geometry has been tested in a supersonic wind-tunnel
facility. Nose sensitivity coupled with afterbody geometry
effects have been identified. The vortex flows present are
strongly influenced by the viscous crossflow/cross-sectlon
shape interaction. Of the cross sections evaluated, the most
favorable cross section for high lift capability at angle of
attack is the triangular form. This is thought to be due to early
azimuthal separating vortical flow formation adjacent to a
near-flat leeward surface.
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