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Strongly Non-Linear Dynamics in Complex Systems

Complex systems far from equilibrium
with many dof

Wide range of applications
(from astrophysics to biology)

Theoretically challenging

Computationally and experimentally demanding

Of large impact
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HPC projects and related activities

EUROPEAN JOINT DOCTORATE

HPC-LEAP High Performance Computing in Life sciences, Engineering and Physics
SUPERCOMPUTING GRANTS
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Statistics
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turbulent mixing of passive and active particulate matter
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TURBASE

62 different datasets produced by 38 organizations
Developed within the EuHIT project

The other members of the team, apart
from the SHREK peo...

yior- ersit ue_at_a
Twente (The Netherlands). This data set is the source temporary organization, just for testing member
behind the following publication: D.PM. van. will be removed at the end of January

2017.
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COMMUNITY SERVICES

EUDAT
Collaborative Data Infrastructure for “sharing data across borders and disciplines”
funded by EU FP7 and H2020
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Classical non-linear field theory, out of equilibrium,
non-perturbative with non Gaussian, anomalous fluctuations

Why turbulence ?
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Open problems

Intermittency

violation of self-similarity in the turbulent cascade

anomalous scaling exponents
of higher order statistics ¢, 7# p/3

Culp) 2
Methods

Laboratory experiments (higher Re)
Numerical simulations (all observables)




History of DNS of turbulence Ka1: R ~N2:

Year N R, Computer Ref
1972 32 35 IBM 360-95 Orszag, Patterson, PRL 28 76
Rogallo, NASA Rep
1981 128 84 Cray 1 PRL 58 547 (1987)
Vincent, Meneguzzi, JFM 25 1
1991 256 150 Sanada, PRA 44 6480
Caltech Delta
1993 512 200 machine She et al., PRL 70 3251
2001 1024 460 VPP5000/56 Gotoh, Fukuyama, PRL 86 3775
2003 2048 429 Earth Kaneda et al. Phys.Fluids 15 L21
Simulator aneda et al. Phys.Fluids
2006 4096 675 Earth Kaneda, Ishihara, J. Turb. 7 N20
Simulator aneda, Ishihara, J. Turb.
Cray XE
2015 8192 1300 ray Yeung et al. PNAS 112 12633
Blue Waters

Resource requirements:
floating Point Operation for eddy turnover time: flop = N3 log(N) x N
(at high N flop=660 N3 log(N) for time step)

Method: pseudo-spectral code



Evolution of turbulence DNS follows supercomputer performance

Projected Performance Development
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DNS resolution doubles on the basis of:
performance every 4.6 (=4x1.15) years
memory every 5.4 (=3x1.8) years (main limitation)



