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Conclusions

An analysis has been developed for high-aspect-ratio
jet-flap wings of arbitrary geometry and blowing. It ap-
pears that the present method is as accurate as other
known methods and is flexible and rapid, particularly for
discontinuous planforms. Although definitive test data are
lacking, correlation with existing experimental data is sat-
isfactory. To properly evaluate jet-flap theories, it is rec-
ommended that definitive lifting-surface analyses be de-
veloped and properly controlled and corrected experi-
ments conducted, including cases with discontinuous pa-
rameters. Finally, it is believed that the present method is
a useful analytical tool for jet-flap wing design.
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Aircraft Wake Vortex Transport Model
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A wake vortex transport model has been developed which includes the effects of wind and wind
shear, buoyancy, mutual and self-induction, ground plane interaction, viscous decay, finite core
and Crow instability effects. Photographic and ground-wind vortex tracks obtained from DC-6, B-
747, B-707, and CV-880 aircraft flybys are compared with predicted vortex tracks computed using me-
teorological and aircraft data as inputs to the transport model. A parametric analysis of the effects
of the aircraft, fluid mechanic, and meteorological parameters shows the relative magnitude of each
transport mechanism. The study constitutes the first detailed comparison of vortex transport theory
with experimental data.

I. Introduction

AIRCRAFT wakes have long been recognized as safety
and airport utilization problems. However, with the intro-
duction of the large transport aircraft (B-747, DC-10, L-
1011) and the ever increasing airport congestion, the wake
vortex problem has taken on added significance. The vor-
tices from large aircraft can present a severe hazard to
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other aircraft which inadvertently encounter the vortices;
the following aircraft can be subjected to rolling moments
which exceed the aircraft's roll control authority, to a
dangerous loss of altitude, and to a possible structural
failure. The probability of an aircraft-vortex encounter is
greatest in the terminal area where light and heavy air-
craft operate in close proximity and where recovery from
an upset may not be possible due to the low aircraft alti-
tude. To prevent aircraft-vortex encounters, the present
solution (implemented by the Federal Aviation Adminis-
tration in March 1970) has been to increase the separation
standards behind the heavy jets. However, these increased
separations decrease the capacity of the airport system
and the present and predicted demands on airports can-
not be met by just constructing additional runways and
airports. Airport and airway system utilization are pro-
jected to double by 1980 and to increase five-fold by 1995.
Technologically (using dual runways, improved landing
aids, etc.), runway capacity can be substantially increased
today, but not until the wake vortex problem and the in-
herent safety aspects have been alleviated.

There are two primary approaches to the wake vortex
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Fig. 1 Comparison of ideal and "real" flowfields for two-

dimensional flow about a vortex.

problem which are currently underway. NASA is concen-
trating on methods to hasten the demise of vortices at the
source by modifying the aircraft. Among the many con-
cepts being investigated are wing spoilers, mass injection,
wing-tip modifications, and the deployment of trailing de-
vices. These concepts, if they can be shown to economi-
cally and effectively reduce the vortex hazard, may not be
available in the near future and would still entail a mas-
sive retrofit program to alter the current fleet of transport
aircraft. For future generation aircraft, NASA is examin-
ing the efficacy of aircraft design changes such as mount-
ing engines at the wing tips and tailoring the wing design
to cause the vortices to burst quickly.

Concurrently, the FAA/Transportation System Center
(TSC) approach to the vortex problem has been to devel-
op systems which use meteorological sensors and/or vortex
tracking sensors to provide safe spacing between aircraft
and to issue a warning should a hazardous condition exist
or be forecast. This approach is predicated on the obser-
vation that the separation criteria are conservative most
of the time as they ignore conditions such as strong cross-
winds which will cause the vortices to dissipate rapidly
or blow clear of the path of a following aircraft. Measure-
ments have shown that vortices rarely remain stationary
and do not persist indefinitely. The frequency of occur-
rence of an aircraft-vortex encounter can be shown to be
small; traffic is thus unnecessarily delayed by always ad-
hering to the present inflexible regulations.

A warning system is being implemented1 which pro-
vides a protected region in the approach corridor of a run-
way by constantly monitoring the corridor with vortex
tracking sensors. More advanced systems will require the
ability to forecast vortex motions and decay. A simple
vortex predictive system has been recently proposed2 but
has not been validated. Preliminary results of forecasting
the decay of vortices have been reported by Tombach3

who conducted flight experiments with smoke-marked
vortices from a Cessna 170 and correlated the time-to-
linking of the vortex pair and vortex bursting with the
ambient turbulence level. A new analysis4 for the Crow
instability5 expresses the time-to-linkage as an explicit
function of the turbulence dissipation rate and is corrobo-
rated by the limited flight test data.

To develop a model for the transport of the vortex pair,
Quid mechanic representations of the various vortex-in-
duced and atmospheric effects have been combined into a
unified computer simulation. A series of flight tests using
3-747, B-707, DC-6, and CV-880 aircraft was done at the
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National Aviation Facilities Experimental Center
(NAFEC), Atlantic City, N. J., in which both the
motion of the vortices and the attendant meteorological
conditions were recorded. The tests were conducted to ex-
amine a simple transport model and to extend the model
by a parametric analysis of the ambiguities between the
measured and predicted vortex motions.

II. Transport Model

Fundamentals of Vortex Motion

The idealized flow about a circular vortex consists of an
inverse radial velocity distribution (see Fig. 1); but this
predicts an infinite velocity at the vortex center. However,
in reality, the vorticity is not concentrated at a point but
is distributed over some nonzero area. The fluid in this
area (the core) moves like a rigid body rotating about the
center of the vortex (Fig. 1). The vortex has a velocity
field with the magnitude at any point called the induced
velocity. (It is customary to refer to this velocity as in-
duced by the vortex but it should be noted that this is
merely a representation and that actually it is the velocity
that would coexist with the vortex in an otherwise undis-
turbed fluid.)

The transport model approximates the aircraft vortices
by two free vortices with finite cores. The induced velocity
field of each vortex is shown in Fig. 2 along with the dis-
tribution of circulation (vorticity). The defining equations
are derived by equating the static pressure distribution to
the centrifugal acceleration with the results given in the
figure. The instantaneous streamlines of the flowfield due
to a vortex pair are shown in Fig. 3a while the relative
streamlines produced by the sinking motion are shown in
Fig. 3b. Neither vortex induces any motion to itself; thus
the sink velocity is given by

where F is the circulation or "strength" of the vortex and
b' is the instantaneous separation of the vortex pair. A
limiting streamline exists and that fluid inside the oval
defined by the streamline travels with the vortices in the
absence of mixing. The size and shape of the oval can be
calculated from potential flow theory6 and is found to be
nearly elliptical and of area

A = 11.42(5'/2)2

To establish the transport of the vortex pair, the rela-
tionships of the defining parameters to the generating air-
craft must be found. This can be done by relating the
final conditions of the rollup process to the aircraft pa-
rameters and using these values as initial conditions.
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Fig. 3 Streamlines of a
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The circulation loading distribution of a wing defines all
the properties of the in viscid vortex development; how-
ever, at the present stage of the transport model develop-
ment, it is merely assumed that an organized vortex pair
motion exists. The pair moves in its induced field causing
the vortices to convect downward with a velocity directly
proportional to the aircraft lift coefficient and velocity
and inversely proportional to the aspect ratio. Using clas-
sical dynamics and the elliptic lift approximations,7 the
initial wake can be classified by

T = (4W/irpVb)
where W is the aircraft weight, p is the air density, V is
the aircraft speed, and b is the wingspan. Accordingly, the
initial vortex spacing will be

bf = (7r/4)6
The aircraft weight, flight speed, and wingspan are thus
the only aircraft parameters used. The effect of flaps can
be considered by replacing the wingspan b with an effec-
tive wingspan b"; larger flap settings alter the load distri-
bution by concentrating the load distribution more in-
board and thus b" < b.

Ground Effect

Next to the local wind, the ground effect is the most
important mechanism affecting the transport of the vorti-
ces and is readily calculated by using the image system of
classical hydrodynamical theory.6 For two-dimensional
line vortices, the velocity of any one vortex is due solely to
the remaining vortices (real and image) in the system.

For the general case consider the vortex pair to be lo-
cated symmetrically about the z-axis at altitudes z\ and
22 as shown in Fig. 4. Let each vortex have an image of
equal strength at -z± and ~z2, respectively. The trans-
port of vortex A is given by

17— v r

0
<-Y,Z2)

GROUND

\ (-VZ2)

(Y.-Z.)

Fig. 4 Vortex image system for ground plane interaction.

The speed induced at any point is given by the inverse
distance law, and its direction is perpendicular to the line
adjoining the two points

VB = (T/2nrB)

Vc = (T/2urc)

where

and is determined by resolving the induced velocity by
each vortex into horizontal and vertical components.

When the initial altitudes are the same, it is readily
seen that the equations reduce to the well-known motion
of a vortex filament parallel to two perpendicular planes
(the axis of symmetry and the ground). The initial sink
velocity is determined by the instantaneous separation of
the wake vortices; thus the motion of vortices created just
above an altitude of b' /2 will travel as if they were initial-
ly created at a separation somewhat less than b' '. If, how-
ever, the vortices are created at an altitude less than b',
the initial horizontal velocity will be greater and the
spreading will occur more rapidly than in the previous
case. The vortices will then descend to an altitude less
than that corresponding to irb/8.

Wind and Wind Shear

The effect of a wind field on the transport of the vortex
pair can be calculated by superimposing the wind vortex
on the existing motion. This vector is defined in terms of
the magnitude and azimuth at various altitudes for the
horizontal portion and with a variable vertical component.
This is in effect assuming that the wind merely has a
translating effect upon the mass of air contained in the
oval.

The concept of wind shear is included to explain trends
known to exist from experiment. The downwind vortex
often rises after encountering the ground plane and this
can be understood by considering the pressure gradients
that flow in the boundary layer. The sinking oval contain-
ing the aircraft vortices produces a relative flowfield
about its boundary. In the presence of a ground plane,
cross flow in the Earth's boundary layer begins to operate
against an adverse pressure gradient beneath the pair. As
the vortex transport brings the pair closer to the ground,
this adverse pressure gradient may become strong enough
to separate the flow producing a bubble containing vorti-
city opposite in sense to the downwind aircraft vortex.
Harvey and Perry8 depicted the bubble as growing rapidly
in the downwind direction and finally detaching from the
surface as a secondary vortex fed by a vortex sheet frorr
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Fig. 5 Schematic of wind shear (from Ref. 8).
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Fig. 6 Transport path for vortex pair in wind shear.

the separation point. This secondary vortex induces an
upward component to the total induced velocity field,
thus causing the downwind vortex to rise. This is shown
schematically in Fig. 5.

Burnham9 has suggested modeling this phenomenon by
simulating the shear layers by rows of discrete vortices
where all of the vorticity in the Earth's boundary layer is
contained within these vortices. An image system of iden-
tical vortices is used to satisfy the boundary condition of
no vertical wind component at the surface. The system of
shear vortices can be described in terms of any number of
vortices per row and any number of rows (plus the corre-
sponding images). The magnitude of the circulation of
each vortex is calculated from the geostrophic wind condi-
tion and this value can be distributed over the boundary
layer in any fashion by assigning each row a fractional
strength corresponding to the desired distribution.

The general effect of using wind shear vortices is shown
in Figs. 6-8. Figure 6 shows the effect of the wind shear
with all of the vorticity concentrated in one row at an alti-
tude of 30 ft with a spacing of 50 ft between the discrete
vortices. It is seen that the downwind vortex does indeed
rise while no apparent difference is noted in the upwind
vortex motion. Figure 7 depicts the effect of changing the
number (I) of shear layers (rows) where each row has
equal fractional strength (F). Again, the upwind vortex
path is essentially unchanged. However, the downwind
vortex transport shows a rising trend that is weakly de-
pendent on the number of rows. A single row is noted to
produce the largest change for a given instant of time.

___ 1 = 1, F = i.o
__ __ 1 = 2 , F = 0.5
_ _ _ _ ! = 3, F = 0.33
____ 1 = 4, F = 0.25

-100 100 200 300 400

HORIZONTAL DISTANCE (FT)

Fig. 7 Comparison of the effect of the number of rows on
transport path.

~ 300T

</> 200--
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E IOO--

1 = 4, F = .25
— — 1 = 4, F = . l , .2, .3, .4

-100 0 100 200 300 400

HORIZONTAL DISTANCE (FT)

Fig. 8 Comparison of the effect of the vorticity distribution
on transport path.

The effect of distributing the vorticity within the shear
layer on the motion is shown in Fig. 8 where the largest
fractional strength (0.4) is contained in the row nearest
the ground.

Buoyancy

The vertical descent of the vortex wake is expected to
vary as a function of atmospheric conditions and there are
indications that buoyancy may be a significant factor.
The driving force for producing changes in the initial mo-
tion is a result of the difference in density created during
the descent of the pair through a stratified fluid. Even for
the case of no initial density difference (no engine exhaust
entrainment), a difference is produced if the nearly adia-
batic compression of the oval (due to increasing atmo-
spheric density) is different from the stratification of the
atmosphere. The resulting density difference produces a
buoyant force that affects the vertical momentum of the
vortex pair. Buoyancy generated in this manner alters the
circulation10; however, the manner of alteration has not
been established. Tombach11 maintains that the buoyan-
cy generated vorticity is entrained through mixing of the
ambient air and the recirculating flow at the upper
boundary of the oval. Scorer and Davenport12 derived a
model that shows just the opposite, namely detrainment
of the vorticity (a consequence of the assumption of con-
stant circulation). Three other models also predict en-
trainment.13-15 Tombach3 and Lissaman et al.4 thorough-
ly review the theoretical formulations for the descent of
wakes in a stably stratified atmosphere.

An experimental observation that supports the entrain-
ment idea (or at least partial entrainment) is the fact that
the vortex pair has been known to descend at nearly con-
stant spacing and finally come to rest at some altitude.
To explain this, the concept of entrainment of buoyancy
generated circulation must be used in that the internal
distribution of the generated vorticity must be such that
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the vorticity of one vortex is negated at the location of the
other vortex resulting in no induced sink velocity.

The models chosen to represent the effect of buoyancy
in the transport model are Tombach's11 and Scorer and
Davenport's.12 The reasons for choosing these two theories
is that a representation of the full spectrum of events is
contained in these two models.

A comparison between the two theories is shown in
Figs. 9 and 10. In Tombach's model the solution may be
generated in terms of an unknown mixing parameter, S(S
= 0 corresponds to the Scorer and Davenport model). The
effect of buoyancy on the descent is depicted in Fig. 9,
where it is seen that for the first minute of life the differ-
ence is less than 10%. Figure 10 shows the effect of
buoyancy on the separation of the vortex pair. Here the
relative difference is somewhat greater (15%) during the
first minute.

Vortex Decay, Bursting, and Instability

The inclusion of vortex viscous decay is based on the
methods of classical hydrodynamics.6 A laminar solution
for an isolated vortex is obtained from the momentum
equation written in terms of the vorticity

b ~ 4-nvt
Replacing the kinematic viscosity v with the sum of an
eddy and kinematic viscosity18 yields

r 4(,d)t
~ 477(1; + z)t e

and the corresponding solution for the circumferential ve-
locity is

- r2

[l-e

As time increases to infinity, the velocity decreases to
zero. However, the vorticity increases from zero up to a
maximum value and then asymptotically approaches zero.
The circumferential velocity equation is used in the model
to calculate a decay using a value of the eddy viscosity
obtained from a correlation between the circulation devel-
oped by an aircraft and the measured eddy viscosity.17

Vortex bursting18-20 represents a phenomenon that is
poorly understood. To date, no satisfactory models are
known to exist that can be used for computational pur-
poses. Tombach3 reports observing (in most cases) vortex
bursting over a broad range of atmospheric and flight con-
ditions. The phenomenon manifests itself as a rapid in-
crease in core diameter followed by an axial flow of a con-
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Fig. 10 Separation vs time in isothermal atmosphere with no
shear.

ical front. The axial movement can be in either direction
or in both directions for the same vortex (at different
locations).

To include the Crow type of instability5 into the model,
the vortex core size is calculated using Spreiter and Sacks
theory7 and when the spacing between the vortex pair is
equal to the core diameter, breakdown is predicted. This
assumes that breakdown occurs upon core contact. (At
present, however, there is some thought that an overlap
must occur before this happens.2) Although the Spreiter
and Sacks theory probably predicts vortex core velocities
which are too low and core diameters which are too large,
it is felt that this represents a relatively good assumption
for this application due to its simplicity. Also this as-
sumption does not affect the computed transport of the
vortices.

Unification of the Wake Vortex Transport Model

All of the previous mechanisms have been incorporated
into a unifying wake vortex transport model. Since the
buoyancy models chosen are applicable outside the ground
plane region, a transformation altitude is defined to di-
vide the geometric regions of interest into two computa-
tional regions. This altitude is normally chosen as 500 ft
since at this height the ground plane effects are less than
2% of the transport. A superposition scheme is used to
yield an explicit formulation in the velocity domain, while
a Runge-Kutta numerical integration is employed in the
transport domain.

III. Flight Experiments

Proof-of-concept flight tests were performed at NAFEC
during a two-week period in October and November 1972.
The tests involved measuring the atmospheric conditions,
forecasting the vortex transport, performing the aircraft
flybys, and monitoring the vortex tracks. A total of ap-
proximately 400 flybys was conducted using DC-6, B-747,
B-707, and a CV-880 as the vortex generating aircraft.

The NAFEC Vortex Flight Test Facility consists of a
140-foot tower instrumented with hot-film anemometers,
colored smoke dispensers, and meteorological instrumen-
tation. The smoke was used to visualize the vortex tracks
(see Fig. 11). A 35-mm camera was located 2000 ft from
the tower and normal to the local wind direction. Photo-
graphs were taken every second and the tracks were ob-
tained by visually examining each negative in turn and lo-
cating the vortex center by scaling photographic distances
against known distances.

Supplementing the visual tracks are ground-wind sensor
tracks.22 Propeller anemometers were set out on a base-
line near the tower and the passage of a vortex was re-
corded as a function of time after the aircraft passed.
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t = 57 SEC t = 66 SEC

Fig. 11 Typical sequence of tracking photographs (from Ref.
22).

Often the tower smoke dissipated quickly, but the
ground-wind sensors were able to extend the range of the
visual measurements.

The transport model requires a number of initial condi-
tions. Aircraft configurations, gross weight, velocity, etc.,
were recorded by the pilots and radioed to the test con-
troller immediately after the aircraft passed the tower.
The height and lateral position of the aircraft with respect
to the tower were measured by the phototheodolite facili-
ties at NAFEC.

The atmospheric conditions were carefully monitored
both before, during, and after the aircraft flybys to accu-
rately determine the conditions during the test and to
forecast the vortex transport. Atmospheric variables were
recorded from meteorological instrumentation located at
five levels on the NAFEC tower (ambient wind velocity,
temperature, and relative humidity). The tower data were
recorded hourly beginning six hours before the flights to
four hours after the flights and continuously during the
tests. To test the transport model, two minute averaged
data were used to facilitate the quick-look checks which
are reported here. The upper air data were monitored by
rawinsonde releases to measure the pressure, temperature
and winds from the surface (actually around 500 ft MSL)
to 5000 ft. The upper air data were recorded hourly begin-
ning three hours before the tests to three hours after the
tests were completed.

IV. Predictions vs Experimental Data

At the present time only a relatively small number of
the more than 400 flybys have been processed to obtain
predictive and experimental tracks. The conclusions
reached are tentative and the data presented and dis-
cussed are neither the best results obtained to date nor
are they the worst results—the cases presented are in-
tended to be considered as representative data.

The results of the first comparison are shown in Fig. 12
for a B-707 flyby. The wind profile used in the analysis
was the mean magnitude and direction at each of the five
levels on the NAFEC tower averaged over the two min-
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Fig. 12 Comparison between predicted and recorded vortex
tracks for a B-707 aircraft flyby.
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Fig. 13 Comparison between predicted and recorded vortex
tracks for a B-747 aircraft flyby.

utes before aircraft passage. The wind profile above the
tower was determined by a linear extrapolation from the
two highest sensor levels on the tower. The experimental
tower hit point occurred at an altitude of 117 ft approxi-
mately 13 sec after the aircraft passage for the starboard
vortex and at 90 ft and 21 sec for the port vortex. The cor-
responding predictive hit points are 127 ft at 13.5 sec and
92 ft at 23 sec for the starboard and port vortices, respec-
tively. In general, the disparity in the attitude increases
with time (as no vertical velocity was used in the trans-
port model) and ranges from 15 to 20 ft for this run. Note
that the separation between the vortices is very close to
the theoretical prediction at times up to 26 sec the last
experimental data point for the starboard vortex.

A cross-sectional predictive and experimental vortex
track is shown in Fig. 13 for one of the B-747 flybys. The
port vortex hit the tower 12 sec after aircraft passage and
the transport model location estimate at this time is with-
in 7 and 10 ft in the vertical and horizontal distances, re-
spectively. Once again the disparity appears to be due to
the linear extrapolation used for the wind profile above
the tower. The starboard vortex (second vortex) track
location difference between the predictive and experimen-
tal data is seen to be less than 10 ft in the vertical and
less than 20 ft in lateral position at the tower hit time of
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Fig. 14 Comparison of predictive (including wind shear) and
recorded vortex tracks for a B-707 aircraft fly by.
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Fig. 15 Comparison between predicted and recorded vortex
tracks for mean wind with plus and minus one standard de-

viation effects for a B-707 aircraft fly by.

20 sec; as time increases the difference between the mea-
sured and predicted altitude decreases while the differ-
ence in the measured and predicted lateral position in-
creases. Note that the cross wind is just sufficient to ne-
gate the upwind movement of the starboard vortex in the
predictive track. Thus the actual lateral position is very
sensitive to the temporal wind field for this magnitude of
me an cross wind.

An example of a larger difference between the predic-
tive and experimental tracks can be seen in Fig. 14. Note
that the vortex is rising. A mean wind profile with shear
was originally used to determine the predictive tracks but
this resulted in predictive tower hits higher and earlier in
time than the experimental values. However, the value of
the mean wind for the run at the 100-ft level was consid-
erably less than the 70-ft level and since only the 100- and
140-ft levels are used to extrapolate the mean wind to al-
titudes above the tower, a cross wind is computed that
could be in error. This could easily account for the earlier
and higher tower hits. In addition, the wind profile for
this run (actually the two minutes just before aircraft ar-
rival) is very blunt compared to a normal profile. In fact
the mean velocity plus one standard deviation at the 23-ft
level is greater than the mean plus one standard deviation
at the 100-ft level and is also greater than the mean at 140
ft implying a significant shear layer near the ground. The
wind shear technique previously discussed was used to ex-
amine the effect and the results are shown in Fig. 14
(where all the vorticity was concentrated in one row). The
inclusion of shear both predicts the correct trend of the
motion and greatly improves the horizontal location dis-
parity. Both vortices still show predicted altitudes greater
than the experimental values. However, the expected
error in the high altitude wind profile probably is contrib-
uting to the lack of agreement between the transport
model prediction and the measured vortex attitude.

Before performing a detailed sensitivity analysis of all of
the parameters involved, it is instructive to investigate
the consequences of the uncertainties in the wind field. A
series of three predictive tracks has been generated for
each flyby, one corresponding to the mean wind profile
and the other two representing plus and minus one stan-
dard deviation. One such case is shown in Fig. 15. It is
seen that the mean profile is somewhat above the experi-
mental points for both vortices. Perhaps this may again
be accounted for by the crude linear extrapolation tech-
nique used to calculate the wind profile above the
NAFEC tower. In any event it is seen that the ±la pre-
dictive tracks bound the data for times up to 70 sec.

One technique for generating predictive tracks is to use
the first photographic data point as the initial conditions
for the transport model. The higher altitude wind profile
problems previously discussed are alleviated and a more
meaningful parametric analysis can be obtained. Tenta-
tive results indicate that in general a better predictive
track results. It is believed that after the wind profile
technique is improved the same conclusion obtained from
the parametric analysis can be applied to the tracks ini-
tiated at the actual aircraft location rather than at first
sighting.

Further Tests

In early 1974, TSC will be conducting an extensive se-
ries of tests at the John F. Kennedy International Airport.
The approach zone of runway 31R will be monitored with
a number of vortex tracking systems (a pulsed bistatic
acoustic system,23'24 a CW bistatic acoustic system,25 a
ground-wind system26 similar to the one used in the
NAFEC tests, and a CW C02 Doppler laser26 data sys-
tem) . The two primary objectives of the test program will
be the evaluation of the vortex sensors and the validation
of the vortex transport and lifetime models for forecasting
the behavior of the vortex sensors and the validation of
the vortex transport and lifetime models for forecasting
the behavior of the vortex wakes. A network of tower-
mounted meteorological sensors will be used to contin-
uously monitor the three components of the wind, turbu-
lence, temperature, and humidity at a number of stations
on each tower. The test period will extend over about 10
months thus allowing a large data base to be collected en-
suring that many different weather conditions will be ex-
amined.

Conclusions

The separation standards for "nonheavy" aircraft fol-
lowing "heavy" aircraft were implemented to reduce the
probability of a hazardous vortex encounter. For most
meteorological conditions, the 5-mile spacing is conserva-
tive and reduces air terminal capacities. This approach is
in direct contrast to the projected needs for airport capac-
ity. These considerations served as the impetus for ana-
lyzing the feasibility of a Wake Vortex Avoidance System.

An integral part of a Wake Vortex Avoidance System is
the predictive capability discussed in this paper for fore-
casting the transport of the vortices in the terminal envi-
ronment. The results discussed in this paper (although
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tentative) indicate the feasibility of predicting vortex
transport. It is realized that many more comparisons be-
tween predictive and experimental tracks are needed and
are forthcoming. A summary of the major conclusions
which can be made at the present time include: 1) Estab-
lishment of the feasibility of predicting the transport of
aircraft wake vortices. 2) Establishment of the importance
of the atmospheric wind field on the transport of the vor-
tices. 3) Unification of simple models describing the phys-
ics of the important mechanisms into a wake vortex trans-
port algorithm.
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