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Dynamic Support Interference in
High-Alpha Testing

L. E. Ericsson* and J. P. Redingt
Lockheed Missiles & Space Company, Inc., Sunnyvale, California

Dynamic test results of aircraft models at high angles of attack are analyzed with regard to the support in-
terference effects. Single-degree-of-freedom oscillatory tests in pitch or yaw of aircraft configurations are sub-
ject to the same type of support interference through the near-wake recirculatory region as is experienced by
slender bodies of revolution. Consequently, the measurements can be corrected for support interference using
the same methodology. The support interference associated with rotary rigs used in coning experiments is of a
different type, being stationary in nature rather than unsteady, with the coning motion inducing a displacement
of the vortex wake similar to that caused by side slip in a static test. Performing static tests at varying incidence
and side-slip angles with two alternate supports can provide the information needed to correct coning ex-
periments for support interference.

Nomenclature
b =wing span
c = mean aerodynamic chord or d for body alone
d = maximum body diameter
dB = fuselage base diameter
ds = sting diameter
dss = lateral dimension of sting-strut
£ = rolling moment, coefficient Cl = e/(pol)Ul0/2)Sb
L = lift, coefficient CL =L/(p00 Ul /2)S
m = pitching moment, coefficient Cm = m/(pQO 1
M = freestream Mach number
n = yawing moment, coefficient Cn = n/(p00Ul0/2)Sb
N = normal force, coefficient CN = N/(p'00 1^/2)5
p = pressure, coefficient Cp = (p -p^ ) / ( P o o U^/2)
PN =spin rate of ogive nose tip (Fig. 21)
q = pitch rate about body-fixed pitch axis
q' = angular rate about aerodynamic pitch axis
rv = radial distance to asymmetric vortex
R — Reynolds number, R = U^c/v^
S = reference area, effective wing area or wd2/4 for

body alone
U = wind-fixed axial velocity
U = mean convection velocity
V = lateral velocity
x = axial distance from body apex
y = lateral deflection
Y = side force, coefficient CY = Y/(pao U*. /2)S
a. = angle of attack
J3 = angle of side slip
ds = sting deflection angle (Fig. 22)
A = increment
v - kinematic viscosity
p = density of air
a = total flow incidence, = sin ~ l (sin2 a + sin2 0)1/2

<p = body-fixed roll angle
<p' = tilt angle between symmetry planes of model and

support system
</> = coning angle, roll angle of rotary rig around its axis
Q = dimensionless coning rate, = <j>b/2U0,
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Subscripts

A = apex
B = base
e.g. = center of gravity or rotation center
S = sting
SS = sting-strut
V = vortex
oo = freestream conditions

Superscripts

( ~ ) = generalized parameter, e.g., <p

Differential Symbols

dt

dCo

dCm
mq

Introduction

WHILE the need for dynamic tests at high angles of attack
is by now well recognized,1'3 relatively little attention

has been given to the associated support interference prob-
lem.4'5 At the time of the review in Ref. 5, only the static sup-
port interference had been investigated. Even now, the present
authors know of only two investigations of dynamic support
interference at high angles of attack.6'7

Available experimental results are analyzed here to explore
the possibility of correcting for the high-a dynamic support in-
terference, similar to what has been done at low angles of
attack.8

Discussion
It is instructive to start by looking at the results obtained by

Beyers7'9 in his systematic investigation of dynamic support
interference at high angles of attack on the standard dynamics
model (Fig. 1). He found the floor- and side-mounted support
systems shown in Figs. 2 and 3, respectively, to give widely dif-
ferent pitching moment results (Fig. 4). The floor-mounted
support (Fig. 2) generated an effective flow camber, giving
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Fig. 1 Standard dynamics model.

Fig. 2 Floor-mounted support system.7

Cm < 0 at a. = 0. When comparing the results obtained with the
side-mounted support9 (Fig. 3) with those reported by
others,10'13 he found further differences (Fig. 5).

For the floor-mounted support (Fig. 2), Beyers7 investi-
gated the effect of the tilt angle <p' between the symmetry
planes of the model and support system. Whereas the effect on
pitch stability measurements was modest, the effect on roll
cross-coupling derivatives Cto and C^/+C t e was large at
nonzero side slip, 1 /31=5 deg. (See Fig. 6.) The opposition
between the support interference effect on static and dynamic
derivatives indicates that the interference is associated with a
convective flow time lag, similar to what has been found for
bodies of revolution.8

Before discussing the interaction between free vortices and a
downstream support, it is probably worthwhile to note that
even in the case of a body of revolution at low angles of at-
tack, the wake is vortical in nature. (See Fig. 7.) As soon as the
body crossflow is established, the axisymmetric character of
the wake disappears. This explains why even a small-diameter
sting can cause a substantial interference effect through the
wake deformation at a^O and/or /3^0.8 The wake vortices

Fig. 3 Sidewall support system.7
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Fig. 4 Comparison of COT(a) for different supports.7
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Fig. 5 Interfacility comparison of Cm(a) characteristics.7

become more concentrated at higher angles of attack when
they originate on the body itself.

A large effect of the support on lateral characteristics has
been reported by Johnson et al.14 (Fig. 8). The culprit is, in all
likelihood, the vortex burst caused by the their curved sup-
port. This is the conclusion to be drawn from their repetition
of Hummers classic experiment15 (Fig. 9), using an arrow
wing14 (Fig. 10). The curved strut design is commonly used in
rotary rigs for the performance of coning tests.16 For a highly
swept wing, one can see how the leading-edge vortex can be ef-
fected by the curved strut, especially for #^0.

The vortices generated by a slender nose17'18 can also in-
teract with a downstream support, especially at very high
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Fig. 6 Effect of model roll angle <j> ' relative to floor-mounted sup-
port system on roll-pitch cross-coupling derivatives.7
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Fig. 9 Vortex burst on a 75-deg delta wing caused by downstream
obstacles.15

a) No obstacle. b) Obstacle behind model.
Fig. 10 Vortex burst on an arrow wing generated by downstream
obstacles.14

Fig. 7 Vortical wake at

Fig. 11 Asymmetric vortex shedding from the slender nose of an ad-
vanced aircraft model at a = 40 deg and j8 = 0.19
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Fig. 8 Effect of model support on lateral characteristics at a = 35
deg." Fig. 12 Typical rotary rig design.20
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Fig. 13 Rotary rig for coning tests of large aircraft models.6
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Fig. 14 Flowfield survey above
an ogive-cylinder body at a = 45
deg.22

angles of attack, when the vortices become asymmetric. In this
case, one vortex is left close to the fuselage.19 (See Fig. 11.)
The associated interference effects on the downstream tail sur-
faces can be severely distorted by a downstream support.

A very common rotary rig design, used by both NASA13'20

and FFA,21 is the one shown in Fig. 12. Finally, the rig used by
Malcolm6 for tests of a huge model of the F-15 aircraft is
shown in Fig. 13. The sting angle as was zero for the aft-
mounted model and has the values 45 and 70 deg for the top-
mounted model in order to cover the complete angle of attack
range -2Q<a<9Q deg for small side-slip angles, i.e., 1/31 < 10
deg. The model was tested with and without a nose boom.

One realizes that the support interference on an asymmetric
vortex pair (of the type shown in Fig. 11) will be large for the
top-mounted model as the active asymmetric vortex moves in-
board close to the center plane22 (Fig. 14). Its lateral position
is determined mainly by the crossflow separation charac-
teristics, as affected by angle of attack, Reynolds number, air
turbulence, roughness, moving wall effects, etc. Figure 15
shows that the support interference is similar in nature for
as = 45 and 70 deg. Apparently, asymmetric flow conditions
producing a yawing moment at /3 = 0 exist even before asym-
metric vortex shedding starts (at a« 30 deg in Fig. 15). The
same is true when the Reynolds number is increased above
Re= 1.5 x 106 (Fig. 16). In this case, the support angle as has
a large effect; as = 45 and 70 deg, causing interference effects
of the opposite sign in the region of steady asymmetric vortex
shedding. Although the region of steady asymmetric vortex
shedding can be extended beyond the usual limit (a« 60 deg,
as discussed in Refs. 23 and 24), at a. = 90 deg the vortex shed-

20 30 40 50 60 70 80 90

b) Nose boom on.

Fig. 15 Effect of <xs on Cn(a) of the F-15 model6 at R = 1.5 x 106.

Cn 0

70 80
0!°

Fig. 16 Effect of as and R on Cn(ot) of the F-15 model6 with nose
boom on.

ding should be of the unsteady type, giving a time average
value Cn =0. The nonzero values in Figs. 15 and 16 are likely
to have been caused by support interference at as = 45 and 70
deg of the type found by Dietz and Altstatt25 (Fig. 17). The
loss of normal force is thought to be caused by the splitter-
plate-like interaction of the strut with the unsteady Karman
vortex shedding.26 Similarly, the interaction could prevent the
realization of the Cn =0 time average.

In the case of coning test data, the angle as affects the Cn
characteristics at all angles where asymmetric vortex shedding
occurs.6 The results at a. = 70 deg (Fig. 18) are apparently of
the critical type, similar to the ones found by Fidler for a spin-
ning nose tip27 (Fig. 19). Thus, the asymmetric vortex
geometry is affected strongly by "moving wall" effects,28'29

causing the steady asymmetric vortex to flip between its two
extreme positions, with associated reversals of the yawing mo-
ment. (See Fig. 18.)

Correction for Support Interference
It was shown in Ref. 8 how, by performing tests with a

deflected sting, one could obtain static test data of the type
shown in Fig. 20, from which the sting deflection derivative
Cmd could be obtained. Cmb could in turn be compared with
the stability derivative Cma (Fig. 21), providing the needed
clue about the support interference effect on the dynamic
stability derivative Cmq + Cmdf. Obtaining an estimate of the
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Fig. 17 Effect of leeside support on CN(a) of an ogive-cylinder
model25 at M_ = 0.6 and R = 3 X106.
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Fig. 19 Effect of spinning nose tip on the side force of an ogive-
cylinder at A/oo =0.6 and a = 55 deg.27
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Fig. 18 Effect of ots on Cn(a) of the F-15 model6 with nose boom at
/? = 1.5xl06.

convective time lag associated with the support derivative Cmg,
by assuming that the slender sting had a negligible effect on
the recirculation velocities at a = 0 = 0, provided the informa-
tion needed to correct for the support interference8 (Fig. 22).
A similar approach could be used to provided correction for
the support interference investigated by Beyers7'9 (Figs. 1-6).
In this case, however, it is very unlikely that the effect of the
very bulky support system on the wake recirculation velocities
can be neglected. This will complicate the correction pro-
cedure, requiring wake velocity measurements in addition to
the balance measurements used in the correction procedure
described in Ref. 8.

This low a support interference is highly nonlinear, becom-
ing of negligible magnitude as the angle of attack is increased
from a = 0. Thus, at a. > 10 deg it is practically nonexistent. As
the angle of attack is increased further, however, at some
point the support interference on forebody and/or swept wing
vortices starts to have a significant influence on the measured

<5 < 0: WAKE FLIPS TO LEEWARD SIDE

6C •= 0: WAKE FLIPS TO WINDWARD SIDE

Fig. 20 Pitching moment (a, ds} carpet plot8 at M^ = 0.26.

aerodynamic characteristics. Although the support geometry
is more complex in the case of coning experiments than what it
is for one degree-of-freedom oscillations in pitch or yaw, the
fluid mechanics of the support interference is simplified con-
siderably. The coning motion is stationary in nature, obviating
the need to determine the convective time lag connected with
the effect of the downstream support on the upstream model.
Thus, one has to determine only the static equivalent to the
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Fig. 21 Correlation of sting-induced moment derivative with static
and dynamic stability derivatives.8
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Fig. 22 Damping of hemispherical-based cone corrected for support
interference.8

coning-induced displacement of the vortical wake or, at very
high angles of attack, the free vortices generated by a slender
forebody and/or by low-aspect-ratio lifting surfaces.

It is described in Ref. 23 how the various support in-
terference results obtained by Malcolm in his F-15 ex-
periments6 can be explained when considering how the sup-
port amplifies the coning-induced bias of the asymmetric
vortex. Another way of inducing such bias is by yawing the
model. Even without the occurrence of vortex burst, the sup-
port will amplify the /3-induced displacement of the vortex.
Coning induces a similar displacement of the vortex, a fact
well illustrated by Malcolm's results for the F-15 aircraft6

(Fig. 23). The nose-boom-off data indicate what the results
would be if there were no steady asymmetric vortices. The
nose boom acts similarly to nose bluntness, extending the
range for steady asymmetric vortices beyond the usual limit of
a = 60 deg.24

Fig. 23 Effect of side-slip angle /3 on Cn(ft) characteristics of the
F-15 model6 for as = 45 deg, a = 70 deg, and R = 1.5 X106.

Tobak et al.30 found in their coning test of an ogive cylinder
that the symmetric vortex geometry was tilted the angle A<pA
along the full length of the body, where A<pA is determined by
the coning-induced lateral velocity at apex,

sina
(1)

Borrowing the coning sketch from Ref. 13 (Fig. 24), one can
see that the vortex will be displaced in the same sense for <t> > 0
as for /3>0. The data points outside of the discontinuities in
Fig. 23 give QQ « - 0.2 and Cwj8« - 0.1. With ;cc g ~ b for the
F-15 model, Eq. (1) gives A^ « 1.87 0 for a: = 70 deg. This is
in good agreement with the 2/1 ratio between the experimental
CwQ and Cn/3 derivatives. That is, an approximate equivalence
between the effects of A<pA and (3 is indicated, a not totally
unexpected result, as the asymmetric vortex pair probably
dominates the Cn characteristics at very high angles of attack.

Equation (1) and associated discussion is only valid for the
top-mounted model (as = 45 and 70 deg). In the aft-mounted
case (OLS = 0), experimental results indicate that there should be
no interference effect from a cylindrical sting31 (Fig. 25).
However, there could be a significant interference from the
downstream sting-strut (see Fig. 12). After reaching the base
of the fuselage, the body vortices will bend off in the
freestream direction. In this case, there will be a </>-/3
equivalence, where </> is the rotation A<j>B = (j)At taking place
while the vortex travels the distance (xss —XB ) from the base of
the model to the downstream sting-strut. According to Lam-
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Fig. 24 Definition of variables for
coning motion.13
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Fig. 25 Effect of cylindrical afterbody on measured side force of a
pointed ogive.32

bourne et al.'s experiments with delta wing leading-edge vor-
tices,32 the lateral displacement of the vortex is convected with
freestream velocity, UV=U00. Thus,

(2)

The lateral displacement Ay of the vortex relative to the sup-
port determines the magnitude of the support interference,
with the interference decreasing with increasing Ay until the
vortex stays clear of the support.

In the case of as = 45 or 70 deg, the lateral deflection at the
sting (or strut) is Ay5 « rK£, where & = A<pA for the coning case
and <p — 0 in the static case. fv is the vortex location above the
fuselage center line. For the coning case, Eq. (1) gives

(3a)

Figure 11 indicates that fv^dB and from Ref. 6 is obtained
b and ds ^dB/2. For Ays > ds, one then gets

>0. 5 cosec a (3b)

With (frb/Un = 2Q and a. = 70 deg, one obtains the require-
ment Q>0.27, which is outside of the 0 range tested by
Malcolm6 (Fig. 18).

In the ois = 0 case, the lateral deflection at the sting-strut
is Ayss^rss(j), where < £ = — /3 in a static test and </> =
A<t>B — (A<pA — A4>B) for the coning case. (Note that A<t>B is the

vortex turning after leaving the body.) fss is the vortex loca-
tion above the coning axis at xss and (ApA — A<f>B) is simply
(2-xB/x )A<pA «0. Thus, Eq. (2) gives

XSS XB

'ss 'SS
(4a)

The values rss/b~0.5 (and xss-xB)/dss~ 10 appear to be
reasonable, giving the following requirement for Ayss>dss:

(4b)

That is, only 0>0.1 is required, a value well within the
tested range in Ref. 6.

Thus, if possible one should use the aft-mounted support
geometry rather than the top-mounted arrangement illustrated
in Fig. 13. The support interference on the vortex will, in
general, be less severe in that case. Although the resultant ef-
fect on the measured aircraft aerodynamics is very dependent
upon tail geometry, one can expect it to be less also. In par-
ticular, this would be true for the single-fin geometry. The big
advantage is that one should be able to find fi-/3 combina-
tions for which the trailing vortex system is well clear of the
support, resulting in negligible interference.

Of course, there will always be Q-0 combinations for
which the support interference is not negligible. However, it
should be possible to correct for the support interference. In
addition to performing static and dynamic tests for a range of
side-slip angles to obtain an indirect measure of the support in-
terference, one can perform the static test also with an alter-
nate support system, thereby obtaining a direct measurement
of the support interference. A candidate for the alternate sup-
port is the side-mounted arrangement used by Beyers (Fig. 3).

Conclusions
The following conclusions can be drawn from an analysis of

available experimental results.
Oscillatory tests in yaw or pitch of aircraft configurations at

low angles of attack are subject to dynamic support in-
terference of the same type as has been experienced for bodies
of revolution. Consequently, correction for support in-
terference can be accomplished in a manner similar to that
described earlier for slender bodies.

Coning tests are subject to a different type of support in-
terference, being more of a static rather than dynamic nature.
Static tests at varying incidence and side-slip angles, employ-
ing one additional support system, should provide the infor-
mation needed to correct for the rotary rig support inter-
ference.
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