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Latéral Oscillations of Sting-Mounted Models at High Alpha

L. E. Ericsson*
Lockheed Missiles & Space Company, Inc., Sunnyvale, California 94089

It is shown that in a static test of a model of a high-performance aircraft or missile, lateral oscillations can oc-
cur, resulting in static, time-average measurements of the asymmetric loads that are close to zero. In contrast,
the loads needed for analysis of full-scale aircraft or missile maneuvers are the instantaneous asymmetric loads,
which because of the coupling between vehicle motion and flow separation will approach their maximum magni-
tude. Results applicable to full-scale free flight could be obtained by use of an apparatus such as the rotary rig,
which permits coning and/or spinning motions of the model, provided that the measurements are corrected for
support and wall interference effects. Until such capability is in hand, the best approach appears to be to use the
asymmetric load extremes, e.g., such as determined in a static test where the model has been rolled through the

full 360-deg range.

Nomenclature

=reference length, ¢ = D
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=3C, ' /8(BD/2U.,)

=Y/ (P Un2/2)S

= dCy/d(x/C)

=maximum body dlameter
=Mach number

=normal force

=yawing moment
=Reynolds number, Re = U,D/v,,
=yawing rate

=reference area, S = wD?*/4
=time .
=velocity

=axial body-fixed coordinate
=side force

=lateral space-fixed coordinate
=9y/ot

=angle of attack

=angle of sideslip
=kinematic viscosity of air
=density of air
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Subscript
0 =freestream condition

Introduction

URRENT high-performance missiles and aircraft have

long slender forebodies, which for subsonic crossflow
conditions ‘generate asymmetric aerodynamic loads at
high angles of attack, even in the case of zero sideslip.! In a
static test of such a geometry, lateral oscillations can occur,
resulting in static, time-average measurements of the asym-
metric loads that are close to zero. In contrast, the experimen-
tal results really needed for analysis of full-scale vehicle ma-
neuvers at high alpha are the maximum possible,
instantaneous, asymmetric loads, resulting from the coupling
between vehicle motion and flow separation through so-called
moving wall effects.>
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A sting-supported model at high angles of attack ex-
periences an asymmetric aerodynamic load on its slender fore-
body that is unaffected by a downstream sting support? (Fig.
1). Thus, one has only to consider the coupling between a
lateral oscillatory motion and the asymmetric loads on the
slender forebody itself.

Discussion

The experimental results for an ogive-cylinder* (Fig. 2)
show that the side force measured at « = 50 deg is extremely
sensitive to Reynolds number and can reach a magnitude ex-
ceeding that of the normal force. Figure 3 shows how the
direction of this large side force is determined by body-fixed
nose microasymmetries and can be directed by rolling the
ogive-cylinder.’

Asis discussed in Ref. 2, even a slow spinning or coning mo-
tion of the forebody can overpower this microasymmetry ef-
fect and determine the direction of the side force. This is dem-
onstrated by the test results for a cone-cylinder.® The authors
describe how only a slight push was needed to establish the

_ coning motion in one direction or the other (Fig. 4), regardless

of how the measured static yawing moment was biased by roll-
ing the body-fixed nose microasymmetries.! The cone-cylinder
body reached very nearly equal steady-state coning rates in
positive and negative rotation directions, i.e., the motion
dominated over the static asymmetry, locking-in the separa-
tion asymmetry in the direction of the body motion and driv-
ing it.
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Fig. 1 Effect of cylindrical aft body on asymmetric loads on an
ogive-cylinder (Ref. 3).
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Fig. 2 Side-force distribution at « = 50 deg on an ogive-cylinder
through the critical Reynolds number range (Ref. 4).
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Fig. 3 Side-force characteristics of a 3.5-deg ogive (Ref. 5).

In the case of the coning motion, the moving wall effects act
as follows on the translating cross section? (Fig. 5). The lateral
motion of the circular cross section causes the flow separation
to be delayed on the advancing side and promoted on the
retreating side, the important moving-wall effects being those
close to the flow stagnation point. Thus, the motion produces
a force that drives it until an equilibrium coning rate is
reached, where the separation-induced driving moment is bal-
anced by the drag-generated damping moment.”’

In the present case, the body motion considered is the lateral
bending oscillation rather than the coning motion just dis-
cussed. However, the flow mechanism described by Fig. 5 ap-
plies also to the translatory, oscillatory motion. The lateral
bending degree-of-freedom of a sting-mounted model (Fig. 6)

is analyzed in Ref. 8, showing that a limit-cycle-type oscilla--

tion will result unless the support is very rigid. The potential
for such lateral oscillations is large at the beginning and end of
the angle-of-attack region for stationary asymmetric flow sep-
aration and vortex shedding. In the case of the incipient asym-
metric flow separation, it can be driven by the lateral oscilla-
tion behavior between its symmetric and asymmetric states.
Such a flow change has even been observed to occur intermit-
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Fig. 4 Coning characteristics of a cone-cylinder at ¢ = 45 deg (Ref.
6). .
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Fig. S Conceptual crossflow characteristics for a coning body.

tently in a static test® (Fig. 7), indicating that apotential for -
truly self-excited lateral oscillations exists at incipient asym-
metric flow conditions.

Recent results, obtained on an ogive-cylinder describing
lateral oscillations,!? illustrate the problem the test engineer
faces in a “‘static’’ test at incipient asymmetric flow conditions
(Fig. 8). At @ = 30 deg, the time-average value of the yawing
moment, C,, which corresponds to the moment measured in a
static test, is practically zero. This contrasts to the dynamic
measurement C,, — C;cosa, which shows a maximum un-
damped value of a magnitude twice as large as the damped
value at & < 25 deg.

As has been discussed before,'2 the potential for self-
induced lateral oscillations at the high-alpha end of the o
range for steady asymmetric flow separation and vortex shed-
ding is probably twice as large, although a lateral perturbation
of a magnitude of 1 or 2% of the cylinder diameter may be
needed to start the oscillations.! Of course, at these high
angles of attack, above o = 50 deg, the unsteady Karman-type
vortex shedding occurring on the cylindrical aft body is likely
to provide the needed perturbation to flip the asymmetric flow
separation between its two extreme positions, as was descrlbed
in Ref. 11.

An example of the resultmg model vibrations is provided by
the experimental results!? in Fig. 9. The side force and yawing

~moment are likely to have exhibited zero time averages, if

measured, in agreement with the characteristics shown in Fig.

‘}8. This was observed in wind-tunnel tests of the Vertical
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Fig. 7 Pressure distributions on an ogive-cylinder at « = 45 deg and Re = 0.11 X 10° (Ref. 9).
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Launch ASROC (VLA) missile* (Fig. 10) to investigate the ef-
fect of a tilted nose cap. The results shown in Fig. 11 were ob-
tained at @ = 50 deg. At a roll angle of ¢ =~ 60 deg, the yawing
moment went to zero. The authors observed this zero time-
average to be associated with large model vibrations. This was
observed also in other test cases, leading the authors to the fol-
lowing observation: ““On several occasions, configurations
which, because of an increased asymmetry, were expected to
produce larger yawing moments,. in fact, did not. However,
those smaller moments were usually accompanied by a more
violent shaking of the model.”’ This statement supports the
message of the present paper and can be interpreted as fol-
lows: when the potential for asymmetric flow separation is
large, and the coupling with the vehicle motion would result in
the most serious asymmetric load condition in free flight, the
static wind-tunnel test may show the asymmetric loading to be
negligibly small.

The present author, when visiting the NASA Langley Spin
Tunnel in November 1988, in the company of M. Beyers, Na-
tional Research Council, Canada, was reminded very power-
fully of this problem of using static test data to describe the
asymmetric loads on a vehicle in free flight. We both observed
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Fig. 8 Time-averaged c, and associated yaw damping measured in
forced oscillations of 1.5-deg amplitude at M, = 0.7 of an ogive-
cylinder body (Ref. 10). .
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how, before the start-up of the rotary test at « = 60 deg, an
aircraft model with pointed nose, similar to the one shown in
Fig. 12, described significant lateral oscillations of the nose.
However, as soon as the coning rate had become significant,
possibly 10-20% of the final rate, the lateral oscillations
stopped, because now the one-sided moving-wall effect due to
the coning motion dominated over the oscillatory one caused
by the lateral vibration.

Thus, lateral support oscillations can give misleading, zero
time-average, measurements in a static test. As a consequence,
data applicable to free flight cannot be obtained in static tests.
Such data can be measured by a support that allows coning or
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Fig. 10 VLA missile (Ref. 14).
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Flg. 11 Yawmg moment vanatlon w1th roll angle for VLA missile model w1th canted nose tlp, a = 50 deg and Re =2 x 10° (Ref 14).

Fig. 12 Typical advanced aircraft model used in rotary rig tests.

rolling motions, such as the rotary rig.!516 Howéver, in this

case the measurements often have to be corrected for. s'upport
and wall 1nterference,17‘19 a capability that only will be in
hand after completion of the test program outlined in Ref. 20.
At the present, the best approach dppears to be to obtain a
conservative estimate - by using the extremes of asymmetrie
load levels, measured in a static test in which the forebody has
been rolled through the full 360-deg range to determiie the
load extremes;?! e.g., as shown in Fig. 3. These load extremes
can be determined by measurements in the middle of the alpha

raiige for stationary asymmetric flow, e.g., o = 50 deg in Fig.
3, where. the problem of lateral oscillations does not put ex-
treme demaiids on the rigidity of the support.

Conclusrons

An analys1s of the lateral stability of missile and aircraft
models in wind-tunnel tests at high angles of attack has shown
the following:

1) The asymmetric flow separation on a slender forebody is
strongly coupled to the model motion, potentlally resultinig in
largé-amplitude lateral oscillations of the model and support,
especially at the low- and high -angle-of-attack extremes of the
steady asymmetric flow region.

2) “As a consequence, the time-averaged values of side force
and yawing moment measured in a static test can be close to
zero, whereas the values experlenced by the maneuvering full-
scale vehicle often will be of maximum magnitude because of
the moving-wall effects generated by the vehicle maneuver.

3) Subscale test results applicable to full:scale free flight
could be obtained by use of an apparatus such as.the rotary
rig, which permits coning and/or spinning motions of the
model, provrded that the measurements are corrected for sup-
port-and wall-mterference effects. Until such capability is in
hand, the best approach appéars to be to use the asymmetric
load extremes, e.g., such as determined in a static test where
the model has been rolled through the full 360-deg range.
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