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EXTREME	EVENTS:	EULERIAN

1.	IS	IT	POSSIBILE	TO	PREFERENTIALLY	TRACK	INTENSE	(LARGE-OR	SMALL-SCALE)	STRUCTURES?

2.	CAN	WE	INVENT	IN-SILICO	EXPERIMENTS	TO	ENGINEER		A	(LAGRANGIAN)	WAY	TO	CONTROL/STUDY	TURBULENCE?

3.	CAN	WE	IDENTIFY	THE	KEY	DEGREES-OF-FREEDOM	TO	RECONSTRUCT	THE	FLOW	(KEY	FLOW	STRUCTURES)?

4.	ARE	THERE	REYNOLDS-INDEPENDENT	TURBULENT	FINGERPRINTS?	IF	YES:	IS	IT	BETTER	TO	WORK	AT	LOW	
REYNOLDS	AND	HIGH	STATISTICS	OR	VICEVERSA?
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Drag: Stokes Timeβ<1 heavy particles
β>1 light particles

INERTIAL	PARTICLES	 IN	COMPLEX	FLOWS

Preferential concentration
Naive light(heavy)	particles	accumulate	
inside(outside)	highly vortical regions
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OLD	QUESTIONS:
1.	IS	IT	POSSIBILE	TO	PREFERENTIALLY	 TRACK	INTENSE	 (LARGE- OR	SMALL-SCALE)	STRUCTURES?
2.	CAN	WE	 INVENT	IN-SILICO	EXPERIMENTS	 TO	ENGINEER	 	A	(LAGRANGIAN)	WAY	TO	CONTROL/STUDY	 TURBULENCE?
3.	CAN	WE	 IDENTIFY	 THE	KEY	DEGREES-OF-FREEDOM	 TO	RECONSTRUCT	 THE	FLOW	(KEY	FLOW	STRUCTURES)?
4.	ARE	THERE	 REYNOLDS-INDEPENDENT	 TURBULENT	 FINGERPRINTS?	 IF	YES:	 IS	IT	BETTER	 TO	WORK	AT	LOW	
REYNOLDS	 AND	HIGH	STATISTICS	OR	VICEVERSA?

NEW	TOOLS:
1.	SMART	 LAGRANGIAN	 PROBES	 (ONE-WAY	COUPLING):	REINFORCEMENT	 LEARNING	TO	TRACK	PREFERENTIAL
VORTICITY	STRUCTURES	 (OR	STRAIN,	QUADRANTS,	HAIRPINS,	THERMAL	 PLUMES…)

2.	SMART	 LAGRANGIAN	 PROBES	 (TWO-WAY	COUPLING): AD-HOC	FEEDBACK	 ON	THE	FLOW	STRUCTURES	 TO	CONTROL
TURBULENCE

3.	NUDGING:	 AN	EQUATION-INFORMED	 TOOL	TO	ASSIMILATE	 	AND	RECONSTRUCT	 TURBULENCE	 DATA

4.	HYBRID-MONTE-CARLO	 FOR	MARTIN-SIGGIA-ROSE	 STOCHASTIC	 PDES:	A	TOOL	TO	PREFERENTIALLY	 FOCUS	ON		
INTENSE-AND-RARE	 FLUCTUATIONS	 (INSTANTONS)	AT	SMALL	REYNOLDS



CONTROL	 TOOLS

SMART	 INERTIAL	PARTICLES	 IN	COMPLEX	FLOWS
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TRGETTARGET

Reinforcement learning is a framework to find a good (optimal) POLICY for
achieving given long-term tasks. It is widely used in artificial intelligence
and machine learning. It is based on the interaction between a decision-
maker (in our case the inertial particle) and the environment. The decision
maker can change its behaviour in response to inputs from the system (in
our case the flow). By trial and error the decision maker progressively
learns how to behave optimally.
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SMART	 INFLATABLE/DEFLATABLE	 INERTIAL	 PARTICLES	 IN	COMPLEX	 FLOWS
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TRAINING	+	EXPLORATION	 (ε-greedy)

MAXIMAL	NORMALIZED	 REWARD



SMART	INERTIAL	PARTICLES	TRAINED	TO	FOLLOW
HIGHEST	VORTICITY	REGION	IN	A	TIME	DEPENDENT	FLOW

NAÏVE	LIGTH	 PARTICLES

SMART	PARTICLES


