‘ Symmetry breaking of turbulent wakes
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Laminar Sphere Re < 500

Bifurcation in a sphere wake
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Symmetries and aerodynamics force
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Laminar Blunt Ahmed Body Re < 500
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‘ Bifurcations in the lammar flow

Grandemange et al. PRE 2012
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‘ Turbulent flow
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Mean flow Conditional averaging
on the sign of y,,
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‘ Statistics of switches

Probability distribution
=
|

T
]

101

101

Probability of remaining k
second in a same state

7

104

0.25 1

Theoretical
Binomial law

Prmm {] _ Pr.ﬂuﬁ)k .

random process
(i.e. no periodicity)

— timescale ~1000 U,/H




‘ Signature fil chaud
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Fully axisymmetric sphere wake

Experiment

* Axixymmetry preserved
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Result : Axisymmetric mean flow
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Statistical axisymmetry

* On each instantaneous field, barycenter of deficit of U, :
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Statistical axisymmetry

Statistics over the 2000 fields
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The non-axisymmetry of instantaneous field is reminiscent of the SPS régime

* Conditionnal averaging on 0Oy, =0:

0.5 Std(ux*) 4 o =S Qx*
03 | 0.2
0.1
0.2
zZ/D 0 . 0
0.1 1 Y
0.5 0 1 -0.2
0.5 0 0.5 05 0 05
y/D y/D
Consistent with loops shedding at Pair of counter rotating vortices
Oy =0 => Lift & induced drag
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Conclusion

Steady mode associated to the symmetry
breaking of 3D bodies at low Re is still
present for turbulent flows

Long time dynamics with random behavior of
its azimuthal phase (multistability)

This mode contributes significantly to the
drag (3D+Lateral force=induced drag)
It is sensitive to any local perturbation
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