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small particles/colloidal aggregates: 
Stokes drag, added  mass, lift force, etc...

+ boundary conditions + initial conditions

temperature
magnetic field

COMPLEX FLUIDS  &  COMPLEX FLOWS
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(NASA/Goddard Space Flight Center Scientific Visualization Studio)

~ 2D

SHORT VISUAL RECAP

• MULTI-SCALE PHYSICS
• BILLIONS OF DEGREES OF FREEDOM
• ROUGH NON-DIFFERENTIABLE FIELDS
     (HOLDER CONTINUOS ONLY)
• NON-GAUSSIAN STATISTICS

FEATURES RANKING: 
QUALITY AND QUANTITY OF DATA
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Coherent Structures and 
Extreme Events in 

Rotating Multiphase 
Turbulent Flows

Coherent Structures and Extreme Events 
in Rotating Multiphase Turbulent Flows
L. B. et al PRX 6, 041036 (2016)
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Courtesy of K. Burger et al

Log-log Energy spectrum
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r #SMALL-SCALES 

+ EXTREME -> ACCURACY!!!
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Bentkamp, L, Cr C. Lalescu, and M. Wilczek. 
"Nature communications 10.1 (2019): 1-8.
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Holder continuos 1/3
non-differentiable!
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NON GAUSSIAN STATISTICS
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1) MULTI-SCALE PHYSICS: BILLIONS OF DEGREES OF FREEDOM
2) ROUGH NON-DIFFERENTIABLE FIELDS
3) NON-GAUSSIAN STATISTICS
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MULTISCALE
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EXTREME EVENTS L.B. et al  Particle trapping in three-dimensional fully developed turbulence 
Physics of Fluids 17 (2), 021701 (2005)



GLOBAL DRIFTER PROGRAM
ARGO PROGRAM

D. Roemmich, G.C. Johnson, S. Riser, R. Davis et al. 
The Argo Program: Observing the global ocean with pro'ling )oats. 

Oceanography 22, 34 (2009)

https://gdp.ucsd.edu/ldl/



small particles/colloidal aggregates: 
Stokes drag, added  mass, lift force, etc...

+ boundary conditions + initial conditions

temperature
magnetic field

1. NO WAY TO PREDICT STATISTICS FOR MEAN PROFILES OR EXTREME EVENTS FROM EoM

2. NO WAY TO PERFORM DIRECT NUMERICAL SIMULATIONS FOR REALISTIC PROBLEMS

WE NEED QUANTITATIVE MODELS AND  TOOLS TO MODEL!



TRACERS & INERTIAL PARTICLES 

MHD
ROTATING TURBULENCE

SHEARED TURBULENCE





ESR5: Deep-data assimilation and deep-feature-based metric for turbulent flows 

ESR12: Large eddy simulation models in a deep machine learning loop

ESR13: Complex wetting problems using neural networks

PHYSICS 
INFORMED

DATA DRIVEN

NEED FOR QUANTITATIVE BENCHMARKS, CHALLENGES, BASELINES:
MOVING AI FROM CHERRY PICKING (PROOFS-OF-CONCEPT) TO ROBUST QUANTITATIVE USEFUL TOOLS (SUPREMACY?)



GROUND TRUTH

CORRUPTED
IMAGE

ESR5: DATA ASSIMILATION



GROUND TRUTH
VELOCITY 

MAGNITUDE
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IMAGE

FILLED

ESR5: DATA ASSIMILATION



??????

NEED TO MODEL NON-GAUSSIAN
& MULTI-SCALE PHYSICS !!!

ESR12: TURBULENCE MODELING
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REPEAT N-TIMES

PDE SOLVERS 
IN THE LOOP

PROBLEM !!!!!!

APOSTERIORI SUPERVISED  TRAINING
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ESR12: TURBULENCE MODELING



Reduced-order models
𝑢 = F(𝜃, 𝜗∗, … )

Lattice-Boltzmann Simulations

AI model

ESR13: COMPLEX PHYSICS INFERRING

Wetting hydrodynamics
an inherently multiscale phenomenon

Expected results
Ø Accelerated CFD simulations
Ø Novel workflows for droplet transport
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