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Effect of the axial jet on the optimal response in Batchelor vortex
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/ Introduction
Wing-tip vortices are circular patterns of rotating air left behind a

. . Base flow in cartesian coordinates U=U,(x,y,z,t)e+U (x,y,z,t)e +U,(x,y,z,t)e,
wing as it generates lift.
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Time-harmonic forcing (Guo2011) ok
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Normal mode stability analysis (t~x) 2ol —
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- Strong inviscid helical instability (Heaton2007)

- Weak viscous instabilities (Khorrami1991) :
- Weak viscous centre instabilities (Fabre2004) s o

- Cooperative instability (Hattori2009 05t s . . .
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funcionality of one rotor depends on the incident flow given by the precedent one . | | | 1+e""" O<r<1
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B Study the effect of swirl t : r=1
iactiva: - - u e effect of swirl parameter
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Batchelor vortex as a base flow : e
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Incompressible forced Navier-Stokes equations u=u(r,6,z,t)er+v(r,6,z,t)ee+w(r,B,Z,t)ez 00 T
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Eigenvalue spectrum

Dimensionless Batchelor base flow U=U(r,0,z,t)e +V(r,0,z,t)e,+W(r,0,z,t)e,

Batchelor vortex Re=1000

axial velocity
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swirl velocity

Linearized Navier-Stokes equations u=U+u'
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3(t=0)=8, [AlI=[QIMIQIT,  ®(A)<0 = Normal-modeSTABLE |~ Conclusions and perspectives

 Effect of the axial flow on the optimal response of a Batchelor vortex has been investigated.
r _ [ -1 . -1 -1 it " Lamb-Oseen vortex published results have been recovered.
u out_[H](6h+6p)_[H][Q Q] 60+[H][Q](1 W [7‘]) [Q] [B]fe " Several integrations parameter paths have been tested.
" Axysimmetric and helical modes have been simulated for Batchelor vortices:
v Axysimmetric: Maximum gain does not depend on swirl parameter. Stationary optimal forcing.

General solution

Based-kinetic energy norm

e v'Helical:g—k resonant gain maps have been built. Differents branchs for & have been detected.
ZE:HME:I (u'2+v'2+w'2)rdr~u'A[W]u':H[M]u' E o [W]:[M]A[M] = Optimal forcing structure is so complicated that it is not possible to reproduce experimentally.
0 Understanding the mechanism will provide an insight of where to act.
Optimal response . . . .
* Spectral Fourier-base method (Fringe region) validates the theoretical results.
o | § - KS tral Fourier-based DNS method (F ) validates the th tical It ]
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