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trace of these vortices in the sky. These vortieee a life

Abstract—The problem developed in this contribution is that can be quite long. The biggest problem relataise risk

encountered in airplane aerodynamics and concermnsheé  of incidents caused by the meeting of an aircrath va

influence of long life longitudinal wake vortices gnerated by turbulent wake vortex generated by another airctidt
wing tips or by external obstacles such as reactorsr landing . . . . .

preceded it. This problem is more important inphases of

gears. More generally it concerns 3D bodies of fite extension in : . .
cross flow. At the edge of such obstacles, longitinal vortices ~ takeoff and landing (Fig. 1), where the aircrafes allowed to

are created by pressure differences inside the bodary layers follow at a rate close, and where the ground prayimay
and rotate in opposite senses. The numerical simulan used for ~ produce such disastrous incidents.

understanding the mechanisms were generally time elution

computation on a fixed space box with periodic boutary

conditions using a transformation of the time evoltion into a

downstream evolution. The flow will be perturbed byprescribed

disturbances or by a turbulent field.

Index Terms-Aircraft, Wake Vortex, Large Eddy Simulation,
Ground Effect, Enstrophy, Vorticity

I. INTRODUCTION
The vortex mechanisms intervene in a great number o \
flows and in various forms. In the aeronautical mpts, we
can meet vortices which can be of very differemtes. Any M.
object moving in the air leaves behind a more asle .
organized wake. In case of an aircraft, this wakeex results Fig. 1 Aircraft Wake Vortex

in a rolling up of the flow starting from the enafsthe wings
(fig.1). The aircraft wake vortex can be describgdwo main Vortex decay near the ground is known to be entthbge
counter-rotating vortices. It is due to the liftezfch wing and proximity to the ground, but details are not welblerstood.
the generated vortices will be all more intenséhasslift will For aircraft wake vortices away from the ground bemt
be large. atmospheric turbulence has been recognized tkég factor
When atmospheric conditions are favorable to th@yrthe enhancement of the vortex decay [3]. At titudes,
condensation, or when the plume of smoke genetatdtie  however, the interaction of the vortices with theund may
reactors comes to mingle with the vortices, weratice the pe 3 more important factor for vortex decay.

The aim of this work is to study the vorticity geaton for
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along with the vorticity at the wall:
= —% . 2
y wall

Combining these two relations we obtatp, the vorticity
= op

L—
y wall X

A classical illustration of the concept is the gaian of a
boundary layer when a positive pressure gradiedddo a
positive flux of vorticity and correspond to thédation in the
flow of a positive amount of vorticity that incressthe value

of w, ., to zero.

b0 =" ®3)

wall

When a coherent vortex structure moves closevtall,
the inviscid potential theory of point vortices ahe second
unsteady Bernoulli's theorem are two efficient sdbr
evaluating the pressure at the wall and then thicity flux
[7]. As an example the case of two counter-rotatogal
vortices  (fig. 2) can be presented [5].

Y1

Fig. 2 The generation of the wake vortex

The trajectory of these vorticeszl)
X =%b/2, y, are described by:

initially at

1 1 1 1
2t 2T 2t @)
X2 y? oy

At the beginning we have an impact effect on thé with
a vertical velocity to the wall followed by a swésgp effect
with a tangential velocity of the vortices.

The pressure is then evaluated through the relatighe
wall:

1 d
p(x) + Epovﬁan + poa—fj = o, )

were ¢ is the velocity potential andl,,, the velocity

obtained by considering the counter-rotating peittices
and their images relative to the wall.
Straightforward calculations give the expressions:
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The figures 3 and 4 shows the pressure distribsitionl the
corresponding vorticity flux for the impact and ®pég
situations along with the position of the vortex @s
trajectory.
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Fig. 3 The pressure distribution and the vorticity at the wall
for the impact situation
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Fig. 4 The pressure distribution and the vorticity at the wall
for the sweeping situation

It can be observed that each vortex produces nvegaitid
positive vorticity at the wall. For the impact sition (fig. 3)
the vorticity flux is mainly on opposite sign comed to the
vortex, for the sweeping situation the two signsvefticity
are present.

I1l. NUMERICAL TOOLS AND PHYSICAL MODEL

In order to study the influence of the ground at a
counter-rotating vortices pair we use a numerigalkation
based on a Large Eddy Simulation computing codé @it
sub-grid model. The three dimensional version hadiaen
fully described by Calmet and Magnaudet [4], wespre here

And finally the pressure distribution at the waltiescribed @ summary of the numerical method.

by the relation:
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The momentum and scalar equations are discratizied

- In x direction we have assured care that thedtajies of

a second-order accurate centered schemes on amgdggthe vortices are not too close to the boundarthibdirection

grid. The resulting terms are integrated in spacefinite
volumes and the solution is advanced in time bynsed a
three-step Runge-Kutta time steeping procedurelig. non
linear terms of each equation are computed exiyligihile
the diffusive terms are calculated using the senpiicit
Crank-Nicholson algorithm. To satisfy the incomibaity
condition, a Poisson equation is solved by compimimirect
inversion in the (x,y) plane with a spectral Fourieethod in
the z direction. The use of a spectral Fourier ma:implying
periodicity increases the accuracy and the rapidftythe
code.

The main idea of the Large Eddy Simulation is tosider
that integrality of turbulent agitation ceases berandom.
Thus, the contributions to the large scales ardictp
calculated, modeling being reserved for the stmestuvhose
size is lower than a dimension characteristic ef rtresh of
computation.

The advantage of this method is to reduce tivee
deficiencies of the other methods: empiricism oé-point
closure of the averaged equations and requirement
computational power of direct simulation.

The computation field considered is a parallelegifie.6)
with the dimensiond., =6b, L, =3b and L, =4b, where

b is a characteristic dimension that correspondsh®
separation distance between the counter-rotatimgces of
the aircraft wake vortex.

The two counter-rotating vortices has beengidn the
center of domaink, =230, X, =350, Y5 =V, =15 .

We use a grid withm, = ny =256 points andn, =128
points. The grid parameters of the computatiordfigives
8 388 608 computation cell. In the vortex longinai
direction we use a regular grid withdz=0.0313
(ro/dz=32, whererg is the radius of core vortex, with

fo/b=01).

symmetry

symmetry
symmetry

wall L, =6b

Fig. 5 Computation field and boundary conditions

In order to obtain a larger number of computatietl ¢
towards the vortices position and towards the wallthe

cross section we use an irregular grid. For the rectibn we
use an irregular grid using an exponential law ihgwiear the
wall the larger number of points.

The boundary conditions for the studied flow are the
periodicity, symmetry and wall (fig. 5):

ISBN:978-988-18210-1-0

we experience symmetry boundary conditions.

- In y direction we have wall boundary conditionthé
bottom and symmetry boundary condition at the top.

- Finally in the z direction, the axis of the vortaibes,
there are periodic conditions. We have chosenmobhsider
the long wavelength Crow instability for the maiortex
tubes but to focus on the interaction with the weaiti on the
medium and short wavelength.

The initial conditions for the simulation (fig. 6) are the
analytical solutions of an array of vortices imagd@e
elementary vortex of this array is an Oseen voresolitaire
vortex is defined by its circulatioRy, and by its radius,

corresponding of a maximal velocity. The positicihtloe
vortex center has been given by the coordinfitgsy,) in

the transverse plar(é)xy). Using a cylindrical system of
coordinate(x,r,e) whose origin is the vortex center, the
rotation velocityug(r) and the vorticityc,(r) of the vortex,

are
|

For the dipole vortex, we use two longitudinal
counter-rotating vortices described above, with the
circulation gy = -, o =lg, placed at distanch one

from another (fig. 5). The referential parameters the
velocity and the time of descent of the vorticég, distance
between the vortices and the Reynolds number:

2
:i ; T* :_Zl'b ;
27b Mo
We obtain the following values:U” = 0. 15%n/s,

T =628 s andRe=20000. The initial velocity at each
grid point is evaluated with the Biot-Savart lavkitey in
account the boundary conditions and the infiniteays of
images. At initial iteration we introduce randonmtpebations
for each 3 components of the velocity. The ampétisdequal
to 102 times the maximum velocity in the field.
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IV. NUMERICAL RESULTS

The description of flow is based on the visualimasi of fig.
7-14 and on the graph showing the distributiorhef\orticity
flux (fig. 16).

Fig.12 Visualization of the vorticity field (T*=3.00)

The fig. 9-14 visualize the vorticity field at diffent time
steps using iso-surfaces of the axial vortiaity. We notice

at the beginning that the flow is 2D. The same easlof
vorticity appears near the wall.

When this shear of vorticity begins interacting hwthe
main vortex, the vortices start to loose their cehee. The
process begins by very short scale unsteadinesstiilscale
has the same order as the tube radius), which gemas
produce streaks wrapped irregularly around the maitex.

The production of small dissipative scales and the
inter-diffusion at the periphery of the tube of opjte sign
vorticity contribute to the weakening of the mabrtices.
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Fig.13 Distribution of the kinetic energy among the
components of the vel ocity

The analysis of the vortex strength and its evotutiith

Fig.10 Visualizati:)n oof the vorticity field (T*=2.00) adimensional time are an important issue for thieeviartex
hazard. We have considered different diagnosticghas
kinetic energy (fig. 15), the enstrophy (fig.16)darnhe
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evolution of the conventional value of the circidatl ;5

(fig. 17) and observed their time evolutions duritige
interaction process.

We notice that the creation of enstrophy (fig.1§)tbe
small scales corresponds to a destruction of thetiki energy
(fig. 15).

18
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Fig.14 Distribution of the enstrophy among the
components of the vorticity
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Fig.16 Distribution of the pressure and of the flux of
vorticity

ISBN:978-988-18210-1-0

The evolution of the circulatiofs_;sexhibits a decay

at timeT" =3. The key mechanism is the secondary vortex
(see fig. 13) generated from the vorticity sheat thraps and
loops around the main vortex and produces smallesca
unsteadiness. This is confirmed by energy and @pisyr
diagnostics.

We obtained a distribution of the vorticitylhaving a
production of positive and negative vorticity (fiy8). The
pressure and vorticity distribution obtained by wevital
simulation is similarly as the predicted distritautiby theory
study (fig. 3 and 4).

V. CONCLUSION

This study presents some results obtained by noaleri
simulation of a three dimensional wake vortex misgel by a
pair of counter-rotating longitudinal vortices intéraction
with a ground at a Reynolds number of 20000.

The post processing and the visualization give adgo
understanding of the behavior of the counter-rogatiortex
pair in ground effect in terms of vortex dynamidisakbong the
interaction. We have focused the analysis on tbdymtion of
vorticity at the wall a concept proposed by Lighthi
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