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Another Look at High-Alpha Support
Interference in Rotary Tests

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

Aerodynamic interference effects are generated by the model support structure, which in the case of rotary
rigs can be very bulky. Further complicating the task of dynamic simulation in subscale tests is the fact that the
measured effect of Reynolds number may be contaminated by support interference effects. In the present paper,
recent experimental results, complementing those used in an earlier study, are examined, reconfirming and
extending the conclusions reached at that time. An approach is formulated that can lead to a satisfactory
solution of the problem of how to determine the coupled effects of support interference and subscale Reynolds
number.

Nomenclature
b - wing span
c - reference length, mean aerodynamic chord or d for

body alone
d - maximum body diameter
L = lift, coefficient CL = L/qwS
i = rolling moment, coefficient Cg=(/q00Sb
M = freestream Mach Number
m = pitching moment, coefficient Cm = m/q00Sc
N = normal force, coefficient CN=N/q00S
n = yawing moment, coefficient Cn =N/qwSb
p = pressure, coefficient Cp^tp-poJ/q^
q = dynamic pressure, pU2/2
Re = Reynolds number, U^c/v^
S = reference area, effective wing area or ird2/4 for body

alone
U = wind-fixed axial velocity
V - lateral velocity
x = axial distance from body apex, positive aft
Y = side force, coefficient CY = Y/q^S
a = angle of attack
j8 = angle of sideslip
A = increment
v = kinetic viscosity
p = density of air
</> = coning angle, roll angle of rotary rig around its axis
<f> = body-fixed roll angle
fi = dimensionless coning rate, <t>b/2UQO

Subscripts
A = apex
S = sting
oo = freestream conditions

Differential Symbols

Introduction

IN the case of static tests, the aerodynamic support interfer-
ence problem has been studied extensively,1"3 and guide-

lines have been established for how to select support geometry
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and model size in order to ensure that the aerodynamic inter-
ference remains insignificant. In dynamic tests, however, it is
often not possible to reduce the interference to the level of
insignificance. For a forced oscillation test, for example, the
support structure is much bulkier than in a static test, aggra-
vating the problem of aerodynamic interference.4'5 The prob-
lem of aerodynamic interference increases both in severity and
complexity when performing tests at high angles of attack,
where body and wing vortices can interact with the support
structure. The support becomes massive in the case of the
rotary rig because of the high stiffness needed to avoid exces-
sive deflections and vibrations in the presence of the large,
unbalanced centrifugal forces generated by the coning mo-
tion.6'7

Discussion
Because of its bulkiness, the rotary rig often causes a signif-

icant change of the flowfield in the test section, even in the
absence of the model to be tested, as has been observed for the
rotary rigs both at DFVLR8 and ONERA-IMFL9 (Fig. 1). By
itself, a longitudinal dynamic pressure gradient can have a
significant effect, not only on fin effectiveness, but more
important, on boundary-layer transition and/or flow separa-
tion. By using a slight area contraction over the length of the
test section, the blockage effect of the rotary rig could be
compensated for, practically eliminating the longitudinal dy-
namic pressure gradient with its potentially large effect on the
development of separated flow at high angles of attack9 (Fig.
1). A similar blockage effect may have contributed to the poor
agreement of the Cm (a) measurements using a rotary rig with
those obtained in static tests with less bulky support struc-
tures10 (Fig. 2). Also contributing to the difference between
the experimental results was, in all likelihood, the interaction
between the vortices from the aircraft model and the bulky
rotary-rig support structure, a problem that will be discussed
later. The balance sector accounts for approximately half of
the support blockage effect on the flow in the empty test
section. The effect of the upwash, generated by the rotating
balance arm (at the location of a model to be tested), has,
however, been found to be negligible.11 It is important to
eliminate the support blockage effect on the basic flowfield in
the empty test section before considering the more difficult
problem of the interference effect of the rotary rig on the
flowfield generated by the model.12

Figure 3 shows the lateral static stability characteristics mea-
sured at a = 35 deg using two different support systems.13 Both
support systems can cause significant interference.4 However,
only the support with a downstream balance sector is likely to
cause early breakdown of vortices generated by a slender
forebody at high angles of attack, or of the leading-edge
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Fig. 1 Elimination of support-induced dynamic pressure gradient by Fig. 3 Vortex burst on a 75-deg delta wing caused by downstream
control of test section exit diameter.9 obstacle.13
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Fig. 2 Effect of model support on the pitching moment of an ad-
vanced aircraft model.10

vortices from a slender wing for a certain range of sideslip
angles. This is the conclusion to be drawn from the repetition
of Hummers classic experiment13 (Fig. 3) using an arrow
wing14 (Fig. 4).

Support Interference
The vortices generated by a slender nose15'17 can interact

with a downstream support, especially at very high angles of
attack when the vortices become asymmetric. In this case, one
vortex is left close to the fuselage18 (Fig. 5). One realizes that
the support interference on an asymmetric vortex pair of the
type shown in Fig. 5 can be large, as the active (lower) vortex
moves close to the symmetry plane.17'19 Figure 6 shows the
support interference to be very different for the inclinations
as = 45 and 70 deg of the top-mounted sting, causing interfer-
ence effects of opposite sign in the region of steady asymmet-
ric vortex shedding.20 Although the region of steady asymmet-
ric vortex shedding can be extended beyond the usual limit,
o:«60 deg, as has been discussed,21 at a«90 deg the vortex
shedding should be of the unsteady type, giving a time average
value Cn = 0. The nonzero values in Fig. 6 are likely to have
been caused by splitter-plate-like interference, such as that
found by Dietz and Alstatt.22

In the case of a coning test, the angle ots affects the Cn
characteristics at all angles where asymmetric vortex shedding
occurs.20 The results at a = 70 deg (Fig. 7) are apparently of
the critical type.23 Thus, the asymmetric vortex geometry is
affected strongly by moving-wall effects,23'24 causing the vor-
tex asymmetry to flip between its two extreme positions, with
associated reversals of the yawing moment (Fig. 7).

LIFT

SUPPORT SYSTEM

———— CURVED

———— VERTICAL

YAWING MOMENT

-12 -8 -4 s i:

Fig. 4 Effect of model support on the lateral characteristics of an
arrow wing aircraft model.14

Recent tests of the High Incidence Research Model HIRM 2
model25 (Fig. 8) show that, when using a top-mounted dummy
sting in addition to the aft sting support, the dummy sting
added significantly to the support interference at a = 40 and 60
deg, whereas the effect at a = 50 deg was insignificant. Fur-
thermore, at a = 40 deg (Fig. 8a), the rolling moment is af-
fected substantially, whereas at a = 60 deg (Fig. 8c), only the
yawing moment shows any appreciable influence.

Similar tests have been performed at AerMacchi26 (Fig. 9).
At a = 45 deg, the aircraft model should generate asymmetric
forebody vortex shedding. The nose apex half angle is approx-
imately 15 deg, suggesting that asymmetric vortex shedding
started at a « 30 deg.15~17 In this case, there was no apparent
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a = 40° = 0°

Fig. 5 Asymmetric vortex shedding from the slender nose of an
advanced aircraft model.18

effect of changing between forward and aft sting supports.
One obvious interpretation of these test results is that the
support interference was so large for the rear sting arrange-
ment, caused more by the balance arm than the rear strut, that
placing the sting support forward of the fin had no significant
effect. Judging by Hummers test results13 (Fig. 4), the balance
arm easily could have caused vortex burst to occur forward of
the fin, in which case the forward sting would only have the
effect of moving the vortex burst farther upstream. As the
vortex-induced fin loads were already lost for the aft burst
location, the forward sting would not have a very significant
effect on the aerodynamic characteristics. In contrast, when
the sideslip was increased from /3 = 0 (Fig. 9a) to.. 0=10 deg
(Fig. 9b), the difference between interference from the two
support systems became more significant. Of particular inter-
est is the change of interference effects occurring at Q«0.1.
What can be the reason for this?

In Ref. 12, it is described how the various support interfer-
ence results obtained by Malcolm in his coning experiments20

can be explained when considering how the support amplifies

the coning-induced bias of the forebody vortices. Another way
of inducing such a bias is by setting the model at an angle of
sideslip. Even without the occurrence of vortex burst, the
support will amplify the displacement of the vortex induced by
sideslip and/or coning.

Tobak et al.27 found in their coning test of an ogive cylinder
that the symmetric vortex geometry was tilted at an angle A^
along the full length of the body, where A<pA is determined by
the coning-induced lateral velocity at the apex:

da)

(Ib)

Borrowing the coning sketch from Ref. 28 (see Fig. 10), one
can see that the vortex will be displaced in the same sense for
0>0 as for /3>0. The tilt angle corresponding to &<pA in Eqs.
(1) is

= tan cotcx) (2)

For xCfg/b «1 and a = 45 deg, Eqs. (1) give
which for 0 = 0.1 gives A<pA «8 deg. For a = 45 deg, Eq. (2)
gives A<p(/3) = tan"1 (sin/5) «j8. That is, when considering the
fact that the tilting of the vortex system will be amplified by
moving-wall effects,23'24 one can expect A<pA and A^>(/3) to be
of roughly the same magnitude for Q = 0.1 and 0=10 deg,
respectively. Following the analysis in Ref. 12, one can inter-
pret the data for 0=10 deg in Fig. 9b to show that, when A<pA
is added to A<p(0) at 0=10 deg, the active forebody vortex
misses the rear strut.

Thus, using the rear sting makes it possible to measure the
effect of the interaction between the (lower) forebody vortex
and the tail at 0 = 10 deg and 0 > 0.1, whereas the dorsal sting,
because of its closeness to the vortex-generating forebody,
bursts the vortex and makes such a measurement impossible.
It is, in fact, suggested in Ref. 11 that the dorsal sting made it
impossible to measure the true nonlinear coning characteris-
tics. It needs to be emphasized, however, that the important
observation to be made is not that the true nonlinear coning
characteristics could be measured at 0> 10 deg and fl>0.1, if

= 45*
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Fig. 6 Effect of support inclination as and Reynolds number at ft = 0 on an advanced aircraft model with nose boom.
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Fig. 7 Effect of support inclination as on an advanced aircraft
model with nose boom at 0 = 0 and Re = 1.5 x 106 (Ref. 10).
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Fig. 8 Effect of dummy sting on coning characteristics Q(Q) and Cn(0) of the HIRM 2 Model at Af« = 0.2 and Re =0.9x 106 (Ref. 25).

the rear sting support was used, but rather that both supports
prevented the measurement of the true nonlinear coning char-
acteristics at 0< 10 deg and/or 0 < 0.1. It is discussed in Ref.
12 how coning tests on a model of the F-15 aircraft,20 per-
formed for various sideslip angles, gave results for the com-
bined effects of (3 and ft that are similar to the results discussed
here.

Support interference results, such as those shown in Figs. 2,
3, 8, and 9, are easy to misinterpret. Without additional
experiments and careful analysis, the results tell next to noth-
ing about the total support interference of either one of the
two support systems used. They only show the difference

between J{ie interference effects caused by the two supports. In
the case of the very different support systems in Fig. 3, it can
be shown that both supports produce significant interference.4
It is more obvious for the cases illustrated in Figs. 8 and 9 that
the interference from the rear support and, in particular, the
rotor arm is large to start with. Consequently, it should not be
surprising that the addition of, or change to, an upstream
sting support has little effect. It is more unusual that a signif-
icant effect sometimes is observed, although only for certain
a-/3-G combinations.

Whereas sideslip can eliminate the support interference on
forebody vortices in a rotary test, it can introduce it for the
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Fig. 9 Effect of model support change on the coning characteristics of a delta canard research configuration.26
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leading-edge vortices from highly swept wings, as the static
test results in Fig. 11 illustrate. At a > 12 deg, when the vortex-
induced aerodynamic loads are becoming significant, the
agreement between prediction29 and experiment30 starts to de-
teriorate because support interference on the upwind leading-
edge vortex occurs at /3>5 deg (Fig. 12).

Coping with Support Interference
The test results in Figs. 8, 9, and 11 demonstrate that the

support interference in high-alpha tests can be of significant
magnitude. As in the case of tests at low-to-moderate angles of
attack,4'5 one has to learn how to cope with this often unavoid-
able problem.31'32 As has been amply illustrated, the rotary
apparatuses in use today are all likely to produce significant
support interference over much of the testing envelope. In
order to cope with this problem, the following steps should be
taken: 1) identify the flow mechanism(s) through which the
support interference acts, 2) design the support such that
interference effects are minimized, and 3) if possible, derive
the means through which the experimental results can be cor-
rected for support interference. It appears that use of the
orbital-platform concept,33 which can provide close to inter-
ference-free test results, would be of great help in developing
correction techniques.

In regard to step 1, aside from the blockage effect discussed
earlier (Fig. 1), the main flow interaction causing high-alpha
support interference is due to the obstruction presented by the

Fig. 10 Definition of variables for coning motions.28

EXP. PREDICTION
a=4° • ——————————

or-,12" A ....................

12.0
/? (deg)

Fig. 11 Lateral stability characteristics of a 76-deg sharp-edged delta
wing.29

support to the vortical flowfield from a slender forebody
and/or low aspect ratio lifting surfaces, as was illustrated by
the examples in Figs. 3, 6, 8, 9, and 11. This support interfer-
ence is strongly dependent upon the test section size and
associated wall interference,34 as was recently demonstrated25

(Fig. 13).
In regard to step 2, some guidelines can be drawn from

existing experimental results. As discussed earlier, top-

Fig. 12 Effect of sideslip on the support interference on the leading-
edge vortex from a slender delta wing.

. .
O km « 2.7m 1 35 « 10*
x 2 .Am x 1.8m 1 35 x 10k

Fig. 13 Comparison of results from two wind tunnels of HIRM 2
coning characteristics.25
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Fig. 14 Effect of cylindrical afterbody on the measured side force of
a pointed ogive.35

mounted supports should be avoided when steady asymmetri-
cal vortical flow exists. The results35 in Fig. 14 demonstrate
that an aft sting support by itself will not affect the vortical
flowfield generated by a slender forebody. The problem is
presented by the downstream balance arm and strut, to which
the sting is connected, as it often can present enough of a flow
obstruction to cause vortex burst.

In regard to step 3, correction for support interference will
only be possible after systematic tests have been performed to
provide the information needed for a meaningful analysis. It is
shown in Ref. 5 how, by performing tests with a deflected
sting, one could obtain static test data from which the support
interference effect on the dynamic stability derivative in pitch
could be determined. This low-alpha support interference is
highly nonlinear, diminishing as the angle of attack is in-
creased from a = 0. At a > 10 deg, it is practically nonexistent.
As the angle of attack is increased further, however, at some
point the interference from a downstream support on fore-
body and/or swept wing vortices starts to have a significant
influence on the measured aerodynamic characteristics. Al-
though the support geometry is more complex in the case of
coning experiments than for one-degree-of-freedom oscilla-
tions in pitch or yaw, the fluid mechanics of support interfer-
ence is simplified considerably. The coning motion is steady in
nature, obviating the need to determine the time lag associated
with the convection of the interference from the downstream
support to the upstream model. (This is true only when the
wall interference, discussed in Ref. 34, is negligible.) Thus,
one only has to determine the static equivalent of the coning-
induced displacement of the vortical wake or, at very high
angles of attack, of the free vortices generated by a slender
forebody and/or low aspect ratio lifting surfaces.

Aside from the usual problem of extrapolation from sub-
scale test results to full-scale conditions,36'37 in the case of
high-alpha tests one has to consider how the Reynolds number
affects the vortex shedding from a slender body and, thereby,
the associated support interference. A very important consid-
eration in this regard is the large differences in moving-wall
effects occurring when going from subcritical (laminar)
through critical to supercritical (turbulent) flow conditions.24

Thus, the support interference has to be investigated for the
full range of flow conditions, from subscale to full-scale Rey-
nolds numbers, before confident extrapolation from subscale
rotary balance data to full-scale flight can be possible.

Conclusions
A review of recent experimental results has confirmed that

measurements of dynamic characteristics obtained at high an-
gles of attack, using equipment such as rotary balances, will

almost always be affected to a significant degree of support
interference. It appears, however, that a concentrated effort
by the high-alpha technical community could lead to the devel-
opment of methods that could provide satisfactory correction
for support interference effects.
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