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Flow over a Twin-Tailed Aircraft at Angle of Attack Part I:
Spatial Characteristics

N. M. Komerath,* S. G. Liou,t R. J. Schwartz,} and J. M. Kimi#
Georgia Institute of Technology, Atlanta, Georgia 30332

A quantitative study is reported on the low-speed flow environment of scale models of a twin-tailed fighter
aircraft at high angles of attack. Laser sheet flow visualization is used to observe the various sources of vortex
generation, and the evolution of these vortex flows. Surface tufts are used to observe the nature of flow separation
on the vertical tails as angle of attack is varied. Laser Doppler velocimetry is used to quantify the time-averaged
three-dimensional velocity field, and histograms of velocity, in selected planes proceeding from the inlets to the
vertical tails. No concentrated vortex is observed near the vertical tails, however, the tails are seen to be immersed
in a vortex flow of large radius. Flow separation propagates up the outside surfaces of the vertical tails, with
increasing angle of attack; however, the flow on the inside surface of the tails remains largely attached. The
flow angularity at the tails varies widely along the tail span, is sensitive to angle of attack, and fluctuates over
a wide range at each location. These results are found to be relatively insensitive to the precise modeling of inlet
through-flow and inlet attitude. Contours of the root-mean-square velocity fluctuations indicate that the largest
fluctuations occur in the separated flow immediately above the wing surfaces.

Nomenclature
= wing aspect ratio
= mean geometric chord
mean aerodynamic chord
wing span
freestream velocity
= velocity component along freestream direction
fluctuation about the mean value of u
velocity component along lateral direction
fluctuation about the mean value of u
= velocity component along vertical direction
fluctuation about the mean value of w
= distance along tunnel longitudinal axis
= distance along lateral axis
distance along vertical axis
aircraft angle of attack
= flow angularity at the vertical tail
= wing leading-edge sweep
wing taper ratio
x-component of vorticity
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Introduction

OMBAT aircraft at high angles of attack experience un-

steady vortex flows that cause problems such as tail
buffeting'? and the lateral instability.> The approach to such
problems must be multifaceted, using results of wind-tunnel
and flight tests to validate predictions,*-” for improved de-
sign. This paper describes an effort to define the low-speed,
high-a aerodynamic environment of an F-15 aircraft as part
of such a program.

Previous Work

Reference 8 summarizes an extensive program aimed at
understanding and modifying the buffeting loads on the ver-
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tical tails of the F-15. Trajectories of streams of condensed
water vapor were observed. Hot-wire anemometry and sur-
face pressure measurements were conducted over a range of
angles of attack. Flow angularity was measured upstream of
the vertical tails. Vapor injected near the wing leading edge
was seen to move inboard and impinge on the vertical tail.
Wing fences and speed-brake deployment were used to deflect
the vortex flow away from the tails. These were abandoned,
because the fences caused adverse effects at other flight con-
ditions and speed-brake deployment was not possible at all
required flight conditions. Reference 1, conducted a few years
later, reported surface tuft visualization and surface pressure
measurements made with rigid and aeroelastically scaled ver-
tical tails. Both of these studies are used here as points of
reference.

It is only recently that fighter aircraft reached the stage
where the time spent at high angles of attack became a sub-
stantial fraction of the total flying hours. Vibration-free con-
trol and long fatigue life under these conditions have become
crucial issues, and emphasis on the twin-tail buffeting problem
has increased. Sellers et al.® presented detailed measurements
of the flow over a 3%-scale model of a YF-17. They showed
the dominance of the leading-edge extension (LEX) vortices,
and attributed the large velocity fluctuations (root-mean-square
values of 30% of the mean) at the vertical tails to the bursting
of these vortices. Zimmerman et al.'® extended the work of
Ref. 1 to the F/A-18, and developed a method for predicting
tail buffet loads based on test data. They showed that buffet
spectra could be extrapolated over large ranges of velocity,
dynamic pressure, and model size, and that wind-tunnel data
could be used to predict flight loads.

The problem of extrapolating model-scale data to flight
tests has recently been reexamined in the context of high-«
acrodynamics. Reference 11 compares vortex burst locations
on the F/A-18 from experiments that span the range from1/
48-scale models in water tunnels to actual flight tests. The
correlation between model-scale tests and flight tests is sur-
prisingly accurate. At large angles of attack, the flow separates
quite close to the wing leading edge regardless of Reynolds
number. Also, most high-« flight occurs at relatively low Mach
numbers due to structural limitations. Thus, the effects of
compressibility, although present, are not primary. Reference
12 shows some discrepancies between data obtained at dif-
ferent Reynolds and Mach numbers, showing that the effects
of surface roughness, freestream turbulence, tunnel wall ef-
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fects, and model support interference must be considered in
each study. Schrader et al.'* showed the formation of super-
sonic regions in the vortex flow above a delta wing at a free-
stream Mach number of 0.8. These regions were terminated
through shocks oriented at shallow angles to the freestream.
The forces and moments on control surfaces immersed in
transonic vortex flows can, thus, be expected to be influenced
by the occurrence of local supersonic flow.

Edwards' studied the magnitude of resources required to
compute the high angle-of-attack buffet environment. He con-
cluded that new analytical models, providing a better physical
understanding of the dominant phenomena, were required
before the environment could be computed with the resources
that would be available in the near future.

Present Scope and Objectives

This effort is aimed at defining the aerodynamic environ-
ment of an F-15 at high angles of attack, and identifying the
dominant phenomena. A large amount of flight experience
has been accumulated on this type of aircraft. However, quan-
titative flowfield data on the high-« flow environment, suit-
able for modeling of the flowfield, are quite scarce. The pres-
ent authors were unable to locate any substantial database on
the F-15 other than those reported in Refs. 1 and 8. These,
then, provide logical points of reference for this investigation.
As shown later, the flowfield is very different from that of
the F/A-18, on which there is an increasing amount of quan-
titative data.

The work was performed in steps of increasing detail, going
from a description of the flowfield based on steady laser sheet
visualization, to the dynamics of surface tufts, and on to quan-
titative measurements of the velocity field using laser Doppler
velocimetry. The effects of geometric modifications and ap-
proximations made in high-speed models are examined to
provide guidance in designing high-speed wind-tunnel models
to study high-« tail loads. The quantitative data thus obtained
provide the basis for detailed examination of fluctuation spec-
tra, and their genesis. Part II of this work, focusing on the
velocity fluctuations, is reported in Ref. 15.

The purpose and utility of low-speed tests using small-scale
models must be carefully defined, despite the encouraging
comparisons with full-scale results quoted before. Reynolds
number and surface roughness are very different from those
of actual aircraft. The justification for such tests is fourfold.
First, it is impractical to obtain extensive flowfield data from
tests run in very large wind tunnels, or from cryogenic or high
Mach number tunnels. Second, parametric variations can be
performed efficiently using small-scale models in low-speed
tunnels. Third, the geometry and Reynolds number of the
wind-tunnel model can be accurately simulated in computa-
tional prediction tools, so that the multifaceted and detailed
experimental results from low-speed experiments can be used
to develop and validate these predictions. The validated meth-
ods can be used, along with limited flight data and high-speed
tunnel data as check points, to predict the features of the full-
scale flight environment. Finally, it is expensive to develop
prediction methods based on finite-difference techniques for
the solution of the Navier-Stokes equations, with typical run-
times for full aircraft configurations running into dozens of
hours on the fastest of current computers. The Reynolds num-
ber has a strong bearing on these run-times, because higher
Reynolds numbers mean thinner shear layers and denser grids.
Thus, low-Reynolds-number results are of distinct utility in
the development and validation of these methods. The effects
of compressibility are obviously out of reach in these tests;
again, it can be argued that these are of secondary importance
in the high-o maneuver regime of current fighter aircraft,
when the sources of high-cycle unsteady loads are sought.

Facility and Measurement Techniques

The experiments are conducted at the John J. Harper Low-
Speed Wind Tunnel at Georgia Institute of Technology. This
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Fig. 3 Qualitative sketch of vortex flow features over an F-15.
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Fig. 5 Vortex trajectories at @ = 30 deg, obtained by laser sheet
visualization.

is a closed-return facility capable of speeds up to 73 m/s. The
tunnel is powered by a 600-hp electric motor. The test section
dimensions are 2.13 m X 2.74 m, being obtained using a flat
floor and ceiling in a 2.74-m-diam circular section. Turbulence
intensity is known to be under 0.5% over the speed range of
interest.

The models used in these tests are of %-scale. A 3-scale
model was also built from a plexiglass kit to study surface tuft
behavior and the frequency content of the velocity fluctua-
tions. The external shape for the %-scale models is obtained
using kits acquired from hobby shops. Steel spars and epoxy
fillers are used to increase the strength and rigidity, and the
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Fig. 6 Tuft behavior over the inlet, reconstructed from a digitized
video image.

Attached Flow Separated Flow
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Fig. 7 Tuft behavior over the tail at a = 20 deg, reconstructed from
digitized video images of the 3-scale model.
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Fig. 8 Splitter plate experiment to check alternate vortex shedding
effects on tail spectra.

interior is filled with a compound used in repairing automobile
fenders. The engine ducts are left open. Inlet through-flow is
varied using ejector nozzles or blockage inside the engine
duct, and inlet droop is simulated. No stores are simulated.
The only deviation from the aircraft geometry is that the
vertical tail tip pods are removed to enable close approach to
the tails with the laser velocimeter and hot-wire probes.
Initial laser sheet flow visualization tests were performed
using a forked sting mount through the nozzles, connected to
a three-axis computerized traverse system. For the LDV
measurements, the mounting system was changed to that shown
in Fig. 1 to minimize vibrations and support interference.'¢
This system, built up from a camera tripod head, permits
precise and rigid settings of model attitude as well as mounting
the model in any of two positions to permit measurement of
all three velocity components using a one-component LDV.
The models are painted black to minimize laser scattering.
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Fig. 9 Crossflow vectors above the gun bump (X/S = 0.563). The
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Fig. 10 Crossflow vectors above the wing (X/S = 0.8125). The frees-
tream velocity vector is shown for comparison.

Fluorescent orange edges permit monitoring during LDV ex-
periments performed with the test section darkened.

Wing surface co-ordinates near the leading edge were mea-
sured with displacement gauges, and compared with data used
in computational fluid dynamics models of F-15 aircraft. The
model wings were seen to be no thicker, and the leading edges
no blunter, than the actual co-ordinates. Thus, at high angles
of attack, wing flow separation lines should be located close
to the leading edges on both the model and the full-scale
aircraft.

Laser Sheet Videography

Figure 2 shows the arrangement for laser sheet flow visu-
alization. An argon ion laser beam of approximately 3 W is
expanded into a light sheet in the vertical plane. The sheet
thickness is approximately the beam diameter: 1 mm. Two
seeders located upstream provide scattered, random-path
streams of low-speed air seeded with mineral oil droplets with
a nominal droplet diameter of 5 wm. Thus, the entire flowfield
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Fig. 11 Crossflow vectors upstream of the vertical tail (X/S = 1.125).
The freestream velocity vector is shown for comparison.
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Fig. 13 Profiles of axial velocity across the vortex flow at several

lateral stations and two longitudinal stations above the gun bump. U..
= 30.48 m/s, @ = 20 deg.

over the model is seeded as opposed to the vortex cores alone.
The model is moved longitudinally and vertically through the
light sheet under computer control. Thus, the camera and the
light sheet remain fixed, permitting accurate location of ob-
served flow features. Initial video-recording of a poster board
with a square grid enables scaling of the observed features.

Strong vortex cores are easily identified as regions in the
light sheet devoid of light-scattering particles. This technique
has been extensively used to document the trajectories of
rotor tip vortices.!” Thus, for example, the leading-edge ex-
tension vortices off a model of an F/A-18 are easily identified.
In the F-15 flowfield, such strong vortices exist only in the
vicinity of the canopy (forebody vortices) and downstream of
the wing-tips at low angles of attack. The vortical flow over
the rest of the model is observed more from the motion of
the seeded flow, than from a stationary geometric pattern.
This is qualitatively shown in Fig. 3. By careful observation
of videotapes, it was possible to identify the centers of the
vortical flow in each cross-sectional plane, and, thus, to track
the trajectory of these centers. The flow visualization tech-
nique produces better visual results at low speeds. Some runs
were made at higher speeds to check for changes in flow
structure, and none were observed. For the trajectories pre-
sented below, the tunnel operating speed was approximately
5 m/s.

Laser Velocimetry

The LDV is powered by a 5-W Argon ion laser (usually
operated at 3 W), with frequency shifters and a three-axis
computerized traverse. The system, and previous applications
to detailed time-varying rotorcraft flowfield diagnostics, have
been described in Ref. 18. The traverse has a range of 48" x
30" x 30", sufficient to cover the model. The LDV can be
set up as a two-component system; however, this was consid-
ered to be an impediment to productivity in documienting the
velocity field in this case. This decision precluded measure-
ment of such quantities as a histogram of the resultant flow
direction. Each component was measured separately. The
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Fig. 14 Contours of u at the three crossflow planes. U, = 30.48 m/
s, a = 20 deg.

model was rolled 90 deg to measure the lateral component.
Measurement planes were selected to define the flowfield near
the inlets, over the wings, in front of the vertical tails, and
across the vertical tails. Positional accuracy was essentially
the same as the measuring volume size: approximately 0.1
mm at all points. This is achieved by linking the traverse
system co-ordinates to fixed wind-tunnel coordinates before
and after each run. The average data arrival rate per second
varied from 200 in the more difficult regions near solid sur-
faces to 3000 in the freestream. The data rate was too low
near the tail to permit spectral analysis of the velocity traces.

Results

Vortex Trajectories

Figure 4 shows two views of the vortex trajectories at a =
20 deg. The vortices originating from the forebody are clearly
visible until they merge with the vortical flow over the inlets,
and thereafter cannot be observed. Over the inlets, there is
a roll-up of the flow, but no vortex core is observed. Further
aft, the separated flow from the wing leading edge rolls up
into a large vortical structure, and the inlet vortices soon
become indistinct. The center of the vortical structure then
moves outboard, and passes well outboard of the vertical tails.
The elevation view shows that the trajectory is pulled down
as it passes over the aircraft, and does not follow the free-
stream directioni. The scatter in the data represent the pre-
cision with which these centers could be measured. No mean
asymmetry is implied. Near the vertical plane of symmetry,
there is strong downflow. At @ = 30 deg, the flowfield is
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Fig. 15 Contours of the x-component of verticity, normalized by w,
= 117.64 s~! at the three crossflow planes: a) above the gun bump
(X/S = 0.563); b) above the wing (X/S = 0.8125); and c) upstream of
the vertical tail (X/S = 1.125).

essentially similar, as seen in Fig. 5, except that the trajectory
of the center of the vortical flow now passes the vertical tails
at a higher position.

Surface Tuft Studies

The behavior of surface tufts was videorecorded for a range
of flow conditions. These runs were made at a standard free-
stream velocity of 30.48 m/s (100 ft/s). To study local flow
behavior away from the surface, a single tuft on a wand was
used. The angle of attack was changed in one-degree incre-
ments over the critical range from 10 to 23 deg, and in 2- or
5-deg intervals elsewhere, going from 5 to 30 deg. Continuous
variations of angle of attack were also performed, in both
directions. The analog video system was used for qualitative
observation. A video-imaging system was used for more quan-
titative comparisons.

As a is increased from 5 deg, vortices emanate from the
inlet leading edges, with counter-rotating structures from the
inner and outer edges. This is reconstructed in Fig. 6, from
a digitized video frame (&-s exposure) and is easily explained;
the leading edges of the inlet act like sharp, swept-wing lead-
ing edges under spillage conditions. These vortices grow in
intensity as « is increased, and merge with the strong roll-up
over the “gun bump.” Downstream of the wing midchord,
only the massive vortical flow from the wing leading edge can
be seen, so that the flowfield over the aircraft is characterized
by just two large helical flow structures, one from each wing.
The tufts on the wing surface become totally disorganized for
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a > 17 deg, indicating total flow separation. The tufts near
the vertical plane of symmetry remain organized and pointing
slightly inward toward the plane of symmetry.

The behavior of the tufts on the vertical tail is especially
interesting. As « is increased above 17 deg, flow separation
propagates upward along the span of the vertical tail, on the
outboard side. This continues until @ = 20 deg, when the
outboard sides are in fully separated flow. The tufts on this
side are seen to be in violently agitated flow. Throughout this
change, the tufts on the inboard sides of the tail remain rel-
atively straight. The flow turbulence observed inboard is far
less than that observed outboard. Figure 7 is reconstructed
from the observations conducted on the 4-scale model. These
results differ somewhat from those reported in Ref. 1. There,
separation reached the tip at 22 deg. The inboard side was
reported to be in buffeting flow. The differences may be in
the definition of buffeting flow. Here, the inboard tufts, though
obviously in turbulent flow, did not exhibit flow recirculation
except close to the leading edge, while the outboard ones
flapped violently all over the tail surface.

Inlet Through-Flow and Droop

The tuft tests were repeated for varying amounts of through-
flow in the inlet. The objective was to assess the significance
of accurate through-flow simulation on studies of the tail buf-
fet problem. The changes observed were too small to be con-
sidered significant, and these had to be studied more precisely
using laser velocimetry. The effect of changing the inlet droop
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Fig. 17 Histograms of axial velocity: a) immediately upstream of the
vertical tail leading edge; b) in the region of highest velocity fluctua-
tions above the wing; and c) near the outboard edge of the vortex flow.

was studied by observing changes in tuft behavior. The strength
of the inlet vortex was affected, but this produced no signif-
icant changes in the flowfield at the tail. Subsequent runs
were conducted with the inlet drooped 11 deg.

Forebody Shedding Effects

The possibility of alternate vortex shedding from the fore-
body was checked by fixing a large thin splitter plate at the
vertical plane of symmetry, extending from the nose to the
wing midchord. The splitter plate was not extended to the
tails for fear of inducing corner vortices at the tails. The
configuration used is shown in Fig. 8. No effects were ob-
served in the tuft behavior over the range of angles of attack
tested, from 0 to 30 deg. Hot-film anemometer spectra were
also measured near the leading edge of the vertical tail, with
and without the splitter plate present, at « = 20 deg. No
significant effects were observed, and, hence, forebody shed-
ding effects were not considered in the further studies of
velocity fluctuations reported in Ref. 15.

Crossflow Vectors

All of the laser velocimeter data reported here were ac-
quired at a freestream velocity of 30.48 m/s. Figure 9 shows
crossflow velocity vectors in a rectangular region above the
gun bump (X/S = 0.5625), at @ = 20 deg. The complexity
of the vortex flow developing over the inlet and gun bump
can be seen from this figure, along with the downflow gen-
erated by the forebody vortices. Over the wing (X/S = 0.8125),
there is a clearly defined single vortex flow, as shown in Fig.
10. There is strong outflow near the wing surface. The cross-
section at X/S = 1.125 includes the trailing edge of the wing
and is just upstream of the vertical tails. The crossflow here
is shown in Fig. 11. A clear vortical pattern is again evident,
with high outboard-directed vectors near the wing surface.
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The core region appears to be elongated in the spanwise di-
rection. The tails are seen to be immersed in this flowfield.

Flow Angularity at the Vertical Tail

One aspect of such a vortex flow is the development of
large flow angularities at the leading edge of the vertical tail.
In these experiments, this was explored using all three com-
ponents of velocity at several points just upstream of the
vertical tail leading edge. The time-averaged flow angles are
large, and vary over a wide range, as seen from Fig. 12a. The
presence or absence of flow through the inlet has only a small
influence on this angularity, so that blocked-nozzle tests, where
the inlet leading-edge geometry is properly modeled, should
give fairly reliable results. However, as seen in Fig. 12b, the
aircraft angle of attack has a large effect on this flow angu-
larity. This flow angularity must cause complex steady loading
patterns on the vertical tails, as well as local flow separation
and unsteadiness. The instantaneous values of flow angular-
ity, estimated using the histograms of the three components
of velocity, take on much larger values. Thus, at the root,
the time-averaged value is 24.3 deg. The instantaneous values
range from —1.34 to +59.7 deg. At the tip, the time-average
is —16.92 deg, while the instantaneous values range from
—0.4to —29.14 deg. Intermittent flow separation at the ver-
tical tail surfaces seems inevitable.

These time-averaged values of flow angularity are com-
parable to those reported in Ref. 8, based on hot-film ane-
mometry in the flowfield upstream of the vertical tails. There,
the “‘sidewash’ angle took on values ranging from about —14
deg (directed inboard) near the tip to 23 deg (directed out-
board) near the root at « = 22 deg on a 13%-scale model.
The measuring planes were not the same, nor the angle of
attack; thus, the closeness of actual values is fortuitous.

Axial Velocity Inside Vortical Flow

Profiles of axial velocity are plotted in Fig. 13 at several
lateral (Y/S) stations across the vortex flow over the gun bump
at two axial stations (X/S = 0.5625 and 0.625). The velocity
deficit in the core also varies with angle of attack. The con-
tours do show some regions, outside the core, where axial
velocity is slightly above freestream values, but there was no
substantial increase anywhere inside the core. Figure 14 shows
contours of the u-component in the three cross-flow planes
used in Fig. 9. Again, no increase is observed above free-
stream values. There is also no recirculation observed on a
time-averaged basis: the u-component is not less than zero at
any point studied. These features are quite different from
those observed by Sellers et al.? in the vortex flow over the
YF-17, where both acceleration and reverse flow were ob-
served in the core region. Reversal of the instantaneous ve-
locity does occur at several points in the flowfield. Points at
which the histogram showed a substantial probability of re-
versal are indicated by darkened circles.

Vorticity Contours

Figure 15 shows contours of the x-component of vorticity
in the cross-flow planes at « = 20 deg. In Fig. 15a, there is
a high concentration of vorticity generated over the inlet. In
Fig. 15b, two centers of vorticity are visible: the stronger one
is in the leading-edge vortex from the wing; however, the
weaker vorticity from the inlet and gun bump is still discern-
ible. In Fig. 15¢c, only one vortex center is seen. The region
of strongest vorticity occurs surprisingly close to the fuselage,
and is elongated in the vertical direction. Thus, despite the
flattened appearance of the crossflow velocity vector plot for
Fig. 15c, the vorticity appears to be concentrated closer to

- the fuselage.

Root-Mean-Square Velocity Fluctuations

Figure 16 presents contours of the root-mean-square ve-
locity fluctuation above the aircraft at @« = 20 deg. The quan-
tity plotted is the resultant {u'2 + v'2 + w'2}"2. Again, strong
fluctuations are seen in the highly vortical flow over the inlet.
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In Fig. 16b, the fluctuations are strongest near the two centers
of vorticity. The plot for Fig. 16c shows that the fluctuations
are highest near the trailing edge of the wing surface, away
from the region of strongest vorticity.

Histograms of Velocity Fluctuations

Intermittency of burst locations has been advanced as a
source of fluctuations at the vertical tails of the F/A-18. His-
tograms of the velocity components were monitored to check
for such effects on the F-15. Of special interest was the pos-
sible occurrence of bi-modal probability distributions of ve-
locity. However, no such phenomena were observed near the
vertical tails. The histogram at each location was constructed
from 10,000 individual velocity values; the time to acquire
these values varied from 10 s to 1 min, so that the sampling
time was long enough to ensure statistical stationarity. Figure
17a shows the histogram of the u-component of velocity im-
mediately upstream and outboard of the vertical tail. The
distribution is sharp and smooth. The distribution in Fig. 17b,
in the region of highest fluctuations above the wing surface,
is much broader. No distinct bimodality is observed, but a
broad range of axial velocity values can be seen. Figure 17¢
shows the distribution near the outboard edge of the vortex
flow over the wings. Here, two peaks are evident, suggesting
intermittency. This region is far outboard of any control sur-
faces, and is thus not relevant for the F-15.

Conclusions

The flowfield above a twin-tailed fighter aircraft model has
been extensively documented using flow visualization and laser
velocimetry. The following observations are made:

1. The concentrated vortices from the forebody merge into
the vortex flow originating from the inlets, which in turn
merges with the vortex flow from the gun bump and the wing
leading edge.

2. Strong, unburst vortices are not observed downstream
of the gun bump; the axial velocity profile shows a velocity
defect in the core of the vortex flow.

3. The loci of the centers of the vortex flows move slightly
inboard, and then outboard and downward, ending up well
outboard of the vertical tails.

4. The vortex flow pattern causes a large variation in flow
angularity at the vertical tail, which varies drastically with
changes in aircraft angle of attack.

5. Inlet flow blockage seems to have only a marginal influ-
ence on the flow angularity at the vertical tail at angles of
attack up to 25 deg.

6. The tuft studies show that flow separation and reversal
propagate up the outside of the vertical tails with increasing
angle of attack, but the flow on the inner surfaces of the
verticals remains attached even at high angles of attack.

7. The time-averaged data do not show reversed flow over
the wings; however, the instantaneous velocity does reverse
at several points over the wings.

8. The root-mean-square intensity of velocity fluctuations
is highest in the separated flow region immediately above the
wing surfaces.

9. Bi-modal histograms of velocity are observed in the outer
portion of the vortex flow over the aircraft, indicating violent
fluctuations.

TWIN-TAILED AIRCRAFT
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