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Fluidic Pinball
MIMO (Multiple Input Multiple Output) system

Boat tailing (Coanda)

High-frequency control

Stagnation point control 
(Magnus effect)

Low-frequency control

Base bleed

Ø Geometrically simple configuration & fast computation.
Ø Physically rich enough to comprise many dynamical regimes and to allow testing many control 

laws. 



Unforced Fluidic Pinball 
Reynolds-number dependent flow behavior

                   Steady solution                  Mean flow           Flow field                                         
                                                                                            snapshot 

Newhouse-Ruelle-Takens route 
to chaos.

Route to chaos:

Hopf

Pitchfork

Neimark-Sacker

Chaos

~18

~67
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Unforced Fluidic Pinball 
Galerkin method + Mean-field modeling         Bifurcation diagram

Linear-quadratic Garlerkin system

1ur

2ur

3ur

4ur

5ur

With a series physical constraints:
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Example 1
For the primary flow regime ( Re = 30 )

Steady solution

Mean flow

Shift mode

1ur

2ur

3ur

Figure : Comparison of  DNS with R.O.M.

Generalized mean field system 
with 3 d.o.f. :
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Example 2
For the primary flow regime ( Re = 80 )

The cross terms are identified 
under a sparsity constraint with 
the SINDy algorithm (Brunton et 
al. 2016).

JDD Limsi - June 2019  |  5 of  6   



Conclusions
Controlling the fluidic Pinball with machine and human learning

ü How the unforced fluidic pinball goes to chaos  
ü How to get R. O. M. for successive bifurcations

Perspectives:
Ø R.O.M. for quasi-periodic regime and chaos?
Ø Other bifurcations in the forced fluidic pinball?
Ø Re dependence of modes & coefficients?
Ø Automatization:
    Human learning to machine learning?

Low-order model for successive bifurcations of 
the pinball fluidique. 
arXiv preprint arXiv :1812.08529 (2018)
J. Fluid Mech., 2018. (In revision)
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Thank you for your attention.

Any questions?
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ANNEX 1 -- R. O. M. of Fluidic Pinball
Ansatz & methodology

Galerkin method

Linear-quadratic Garlerkin system

Rempfer & Fasel (1994)

1ur

2ur

3ur

4ur

5ur

Antisymmetric Symmetric
Mean-field modeling
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Supercritical 
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ANNEX 2 -- R. O. M. of Fluidic Pinball
For the secondary flow regime ( Re = 80 )

4ur

5ur
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The coefficients are identified from the linear stability analysis
 and the asymptotic dynamics.

ANNEX 2 -- R. O. M. of Fluidic Pinball
R. O. M. without cross-terms

List of coefficients :

Generalized mean field system
with 5 d.o.f. :
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ANNEX 2 -- R. O. M. of Fluidic Pinball
R. O. M. with cross-terms

The cross terms are identified 
under a sparsity constraint with 
the SINDy algorithm (Brunton et 
al. 2016).
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