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lntroduction:Æ#a

The four-vortex wake

o Ren n ich a nd Lele AIAA lee8): simple vortex
filament method

Fabre and Jacquin (Phy. Fluids 2000): linear stability

-

study

Klein and Knio ( J.

-3

numerical schemes
(vortex ring)

==+ implement the Klein
filaments (periodicity)
+ comparison with linear

Comput. 2000): new improved
for slender vortex sim u lations

and Knio scheme for open

sta bility resu lts



fuü"pn ^gj motion of slender
filaments
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The vortex filament.
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where I - l},2r[\[, - s",s * sr[ sc : cut-ofF length

+ Ad-hoc method. How to chose sc ?

+ Callegari and Ting: Siam Applied Math. 78

s"(s, ü) - eexp (1 - In2 - C,(t) - C*(t)) lo(s,t)
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The equation of Callegari and Ting
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N:
lX(, ,t) - X(, t s/, t) l'

K(t, ü)b(r, ü)

and

B - -loge*1oS(S) -L+Co(t) +C*(t)

-fF+-'K: local curvature

,S: Iength of the filament

e: small dimensionless thickness
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Similar vortex core

[1 + ^r - In 2] 12 - ln(d),
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n u m ber. S u bscript 0 sta nds for in itia I.

the stretched radius
u - ,lr' is the stretched kinematic viscosity.

axial flux of the ring.

L(o) and axial ,(o) velocities:
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r le: the stretched radial distance to the filament,



rtex Methods Slender

1) Vortex
a

Blob or Vortex filament Methods

f

The computation with L filament per section is not

correct (Klein and Knio JFM 95)

+ Great number of filaments per section to converge

or
+ Theorical correction of the method (KIein and Knio

JFM 95 lKlein and Knio 2000): new slender vortex solver

2) Slender Vortex filament solver

f

+ Nbr filaments per section -1
+ Not $iff with thickness:
boundary layer solved theoretically
+ Small thickness, no reconnection,

wavelengths

no short



M1 method of Knio and Klein
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With the choice of rc(r)
is çttrn - -0.4202.
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çttrn consta nt- tanh(r'), the



IÆft Box 2

lm lementation: open filament eriodic

Left Box 1 Central box Right Box 1 Right Box 2
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2)

Ez-vortexl: a Slender Vortex
Filament solver (SVF)

1) lnput: lnitial position of the filaments

Solver. SVF solver for closed or open filaments

o Eq uation:

The Ca llegari a nd Ting Eq uation ( l* plicit

stepping)
The M 1 method of Knio and Klein (Adams-

Bashforth or lmplicit)

o Spatial derivatives: Finit. Diff. or Spectral

o Core: similar core or non-similar (Laguerre series)

o lnviscid or viscous

3) Output:

o Run-time drawing with OpenGL (SGl or linux)

o File history.dat and mode 'Visualisation' of this file

o Movie of the simulation

1 D.Margerit, A.Giovannini, P. Brancher: ÉZ-vortex documentation:

a Slender Vortex Filament solver



Validation

Linear stability analysis
ring.(similar vortex and

of a pretu rbed

inviscid):
circu lar vortex

Velocity V

0.05 0.1 0.15 0.2

Velocity V - f (r) Period T - I G) for mode 3

Linear stability analysis of a ir of contra-rotating vortex
filaments (similar vortex and inviscid ):
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t=0. 2945t=0.152L

Figure
initia I

0(t -

L: Â' : L0.2L, initial amPlitude P--- 0'05,

ir.,i.î;;f. - o.o2 and initiàl angle
--

0) - 47.63(deg).

Most amPlified 51 mode 
^
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:t=1.3300
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Figure 2:
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Long-wave 51 mode [ -
E=2 .37 5 'r,

7 .85.
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Table L: Four-vortex modes: linear stability (th.) and
EZ-vortex (nrm.) results at g{.1

0" (deg) 06 (deg) a - Pt/ P"
Most amplified 5L mode (th.).

n (num.)
Long-wave SL mode (th.)-

t t (nu m.)
Long-wave A mode (th.).

n (num.)

0.8976
il

7.85
il

7.85
t,

2.9L

2.94

L.55

1.56

L.469
1.511

r.05.86

LL1.04

L45.45

145.68

1L6.90

LtB.72

L3L.24

r.30.20

103.85
103.73

L67.03

166.39

QolÇ; ?e
{.+{.t
lo.!
1c,l

57.4

s2.B

9.72

9.80

9.58
9.73

*results given by D. Fabre.

Table 2: Four-vortex modes: linear stability (th.) at

^
0" (deg) 06 (deg) a - Pt/ P"

Most amplified 51 mode (th.).
Long-wave 51 mode (th.).
Long-wave A mode (th.).

L.2566
7.85

7.85

82.8L
140.36

11,0.13

132.53

104.35

L67.54

48.5

10.00

9.35

erlÇe?o
,.o
10
.1o.0

3.07

L.62

1.40
*results given by D. Fabre.





Data analysis

z-o.'t
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-0.4

-0.4 -0.3 -0.2

Figure 4:

vorticity

-0.1 0 0.1 0.2 0.3

vorticity contour and axisymetric profil of

Positions and characteristics of vortices
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,al

Wing */b
left

right
29.83

29.83

-0.281

0.245

-0.381 -4.L07

-0.344 +4.L87

0.0237
0.0236

Physical parameters of the simulations

T (ntz /s) t (*) u (*'/t)
+ 4.15 0.s27 0.0077



v
Numerical computation

Figure 5: Vortex Filament Simulation of the far wake

for configuration 1.
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Fabre, Jacquin and Loof

t-0 t-2.43 t-4.86 t-7.29

vortex wake:

o z -0.3 and br

Figure 6:
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