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Fig. 3 Time sequences of the five drop tests.

cient can be calculated. Based on the constructive diameter
D, = 13.85 m:

mg

= ———— = (.70
o = GRViaD?
and, based on the nominal diameter D, = 11.81 m:
g = 0.96

Cou = GrR)VE(ala)D;

With C,, = 0.70 the rate of descent of the reserve canopy
will be about 6.0 m/s for a 100-kg payload and about 6.8 m/
s for a 130-kg payload. This 9-m version of the LAP-LEON-
ARDO is presently being investigated for its potential as a
rescue parachute for glider, aircraft, and helicopter pilots.

Summary

A stable cross-type parachute of 13.85-m constructive di-
ameter with an inflation aid for quick and reliable inflation
has been developed as main canopy for low-altitude jumping
from an aircraft or helicopter. A 9-m version of the so-called
LAP-LEONARDO parachute has been designed as a reserve
canopy and is also considered as a rescue parachute for pilots.
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ENGINEERING NOTES

Forebody Vortex Control Using
Nose-Boom Strakes

Limin Chen* and T. Terry Ng*
University of Toledo, Toledo, Ohio 43606
and
Brooke Smithi
Eidetics International, Inc.,
Torrance, California 90505

I. Introduction

HE typical flowfield around a fighter-type aircraft at

moderate-to-high angles of attack is dominated by vor-
tices. The erratic behavior of these complex vortex flows at
high angle of attack contribute to degraded control capability.
The vortex-induced yawing moments are of sufficient mag-
nitude that they often could not be overcome by the yawing
moment generated by a deflected rudder. Many methods of
controlling the forebody vortices have been developed re-
cently, with some examples being Refs. 1-10.

One method of control is using small strakes located at or
near the nosetip. The study by Ng and Malcolm® on a trun-
cated F/A-18 forebody model showed that a rotatable strake
on the nosetip is highly effective in controlling the forebody
flow over a wide range of angles of attack and sideslip. The
water tunnel study by Ng et al.? on an F-16 forebody model
showed that miniature, rotatable strakes located on the nose
boom are also effective in controlling the forebody vortices.
In both cases, the positions of the forebody vortices can be
controlled by rotating a strake to different roll angles relative
to the nosetip. Significant control power can be obtained at
angles of attack between 40-60 deg.

The objectives of the present experimental study are to
determine the fluid mechanism of forebody vortex control
using miniature, rotatable strakes at or near the nosetip, and
to study aspects of the fluid mechanism that may be common
to different forebody vortex control methods.

H. Experimental Setup

Two 1/10th-scale, F-16-like models were used. One is a full
model tested at the NASA Langley Research Center 14- x
22-ft tunnel, and the other a forebody-only model tested at
the University of Toledo 3- x 3-ft wind tunnel. The same
forebodies were used in both tests. Force, moment, and sur-
face pressure measurements were conducted at a tunnel dy-
namic pressure of 957.6 Pa (20 psf) for both tests. This cor-
responds to a Reynolds number of about 2.69 x 10%m (tunnel
speed = 41.4 m/s). Additionally, smoke and surface flow
visualizations were performed in the forebody-only test. The
smoke flow visualization was conducted at a tunnel dynamic
pressure of 47.9 Pa (1 psf), whereas the surface flow visual-
ization was conducted at a tunnel dynamic pressure of 957.6
Pa (20 psf).

The forebody-only model was supported by a five-com-
ponent {no axial force) force balance. A PSI electronic pres-
sure scanner was set in the nose to measure the surface pres-
sure distributions at fuselage stations 50 and 70. The full model
tested was equipped with a six-component balance for mea-
suring forces and moments, and three PSI electronic pressure
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Fig. 1 Schematics of the forebody section of the model and the strakes.

scanners for pressure distributions at fuselage stations (FSs)
50, 70, 135, and 170.

Figure 1 shows schematics of the nose boom and the strakes.
Variations to the strakes included: platform geometry, lon-
gitudinal position, and included angle for the dual strake con-
figuration.' The baseline strake, designated as strake “A,”
was identified in previous water-tunnel® and wind-tunnel'’
investigations as the configuration with the best control char-
acteristics. This strake has a leading-edge sweep of 80 deg, a
trailing-edge of 40 deg (swept forward), and an exposed chord
of 4.5-in. full-scale (0.45 in. at 1/10th-scale). The strake can
be single or dual. The dual strake provides a better behaved
control than the single strake.” It is, however, more conven-
ient to study the fluid mechanism using the single strake due
to the simpler geometry. The results to be presented will focus
on the single strake. Three longitudinal strake positions, shown
in Fig. 1, were tested. They are designated as A-fwd (A-F)
strake, A-mid (AM) strake, and A-aft (A) strake, respec-
tively.

Two kinds of nose geometry, shown in Fig. 1, were tested.
They were called the standard F-16 nose and the shark nose.
The shark nose has a larger platform area, a larger nose apex
angle, and a higher cross-sectional AR than the standard nose.

Off-surface smoke flow visualizations were performed for
the standard nose with strake A-fwd at an angle of attack of
50 deg. Laser sheet visualizations were performed at three
different cross sections: 1-1, 2-2, and 3-3. Cross section 1-1
was located at the nosetip (Fuselage Station 0), cross section
2-2 at Fuselage Station 35, and cross section 3-3 at Fuselage
Station 62.5.

III. Results

A. Yawing Moment Coefficient

Figure 2 shows the yawing moment coefficient variation
with the strake roll angle at &« = 50 deg. The strake roll angle
measures from the windward meridian in the counterclock-
wise direction from the pilot’s view. The result of the standard
nose illustrates that controlled yawing moments of different
magnitudes can be obtained by rolling the strake to different
angular positions. The yawing moment coefficient has a good
linearity with the roll angle between approximately —45 and
45 deg.

The shark nose shows a smaller baseline asymmetry com-
pared with the standard nose. The result again illustrates that
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Fig. 2 Yawing moment coefficient variation with the strake roll angle
for the standard and shark noses with strake A-fwd at an angle of
attack 50 deg.
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Fig. 3 Scaled sectional side force coefficient.

controlled yawing moments of different magnitudes can be
obtained by rotating the strake to different angular positions.
For the same strake, however, the yawing moments generated
on the shark nose is smaller compared with the standard nose.
The nose-boom strake nevertheless still has an appreciable
control effect on the shark nose.

B. Surface Pressure Integral

The pressure changes extensively in both the primary and
secondary flow regions as the strake rotates to different an-
gular positions. The surface flow visualization and the pres-
sure distribution results, however, indicate that the primary
separation changes only slightly. To compare the contribu-
tions from different parts of the flow, a ‘““sectional side force
coefficient” (denoted as CY) is calculated as the integral of
C, along the surface between + ¢ as follows:

rdo

CY = f
CD

A\

Figure 3 shows the sectional side force coefficients of the
standard nose as a function of the circumferential angle of
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Fig. 4 Off-surface flow visualization for the standard nose with strake
A-F at strake angle of —45 deg. Cross section a) 1-1 and b) 3-3.

integration. Results from three different strake roll angles at
a = 50 deg are shown. The sectional side force coefficients
were scaled by their respective total CY (integrated between
¢ = =180deg). The results illustrate that approximately 70%
of the control power are from the region below the primary
flow separation. The control power resulting from the leeward
flow is relatively small. The yawing moment is thus generated
mainly by asymmetric pressure distribution in the primary
flow region. Similar results were obtained for the shark nose.

C. Flow Visualizations

Figure 4 shows the cross-sectional vortex flow patterns of
the standard nose with strake A-fwd at a strake angle of —45
deg. At this position, the strake generates a vortex on the
right side. At cross section 1-1, three vortices can be observed:
one generated by the strake, and the other two are generated
at the tip of the forebody. The resultant vortex positions are
determined by the relative strengths of the vortices. The vor-
tex from the A-fwd strake is situated farther from the surface
than the forebody vortices. The strake vortex is also located
closer to the right forebody vortex than the left one, and has
the same sense of rotation as the right one. The right vortex
is therefore “lifted” from the surface. At cross section 3-3,
the asymmetry is amplified. The asymmetry in the forebody
vortices is thus reversed from the baseline asymmetry that
features a “high” left vortex.

At the strake angle of +45 deg, the strake generates a
vortex on the left side. The effect is the opposite of that at
¢ = 45 deg. The asymmetry in the forebody vortices is thus
increased from the baseline asymmetry.

The surface flow visualizations illustrate that the secondary
flow separation near the nose tip can be strongly affected by
the strake vortex, and there is a strong correlation between
the secondary pattern and the vortex asymmetry. The result
also illustrates, however, that the primary tflow separation
lines change only slightly when the strake rotates to different
angular positions.

IV. Conclusions

The method was shown to be effective in producing control
yawing moments over a wide range of angles of attack. The
strake function by acting as a vortex generator, and a vortex
is an effective means of controlling other vortices. The strake
generates vortices with different trajectories and strength as
it rotates to different angular positions on the nose boom.
The strake vortex interacts with the forebody vortices near
the nosetip. The forebody vortices readjust their orientations
due to the interaction. Different velocities and pressures are
thereby induced on the two sides of the object by the asym-
metric potential vortex flow. Controlled side forces and yaw-

ing moments of different magnitudes are therefore generated.
The surface pressure integration shows that the side force is
generated mostly in the primary flow region.
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Shape Sensitivity Analysis of
Divergence Dynamic Pressure
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Introduction

N the design of future aircraft, airframe flexibility is a

concern from the strength, control, and performance re-
quirements, which need both structural and aerodynamic sen-
sitivity analysis capabilities. Structural sensitivity has been
developed over the past two decades for sizing (thickness,
cross-section properties) and shape (configuration) variables.!
Although aerodynamic sensitivity has not existed until re-
cently, a sensitivity does exist for aircraft in subcritical com-
pressible flow,> which incorporates disturbances of thickness,
camber, or twist distribution. Yates® has proposed a new ap-
proach that considers general geometry variations including
planform for subsonic, sonic, and supersonic unsteady, non-
planar lifting surface theory.
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