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Henri CALENDRA (TOTAL, F) Geophysics, Oil and gas
Keld NIELSEN (ENI, I Multiphase flows, Oil and gas
Thierry POINSOT (CERFACS, F) Combustion, CFD

Eric CHAPUT (EADS/Airbus, F) Flight physics, Aeronautics
Demetrios PAPAGEORGIOU (Imp.College, GB) Applied math., Physics
Ulrich RUDE (U. Erlangen, D) HPC, Particle dynamics
Jean-Daniel MATTEI (EDF, F) CFD, Hydraulics

Christian HASSE (BMW, D) Propulsion and engine flows, Automotive
Heinz PITSCH (Univ. Aachen, D) Propulsion, Engine flows
Norbert KROLL (DLR, D) CFD, Aeronautics

Tanguy COURAU (EDF, F) Neutronics, Nuclear industry
Chuan-yu WU (U. Birmingham, GB) Chemical engineering

Mark SAWYER (Univ. Edimburgh) Computing

Jacek MARCZYK (Ontonix) Computer aided engineering
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Boeing: Number of wing prototypes prepared for
wind-tunnel testing
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Airbus: "More simulation, less tests

- 40% less wind-tunnel days
- 25% saving in aerodynamics development time
- 20% saving on wind-tunnel tests cost

thanks to HPC-enabled CFD runs, especially in high-speed regime,
providing even better representation of aerodynamics phenomenon
turned into better design choices. o
(™
ZJ
AIRBUS
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Nuclear electricity é‘D‘F

Extending the lifetime of a nuclear power plant by 10 years
represents a gain of 25% in investment .

The cost of an individual nuclear power plant is of the order
of 4 GE€ => 1G£ per plant

HPC 3D-simulations are on the critical path , are
absolutely necessary , for assessing the 10-year
extension of this lifetime

Difficult to give precise figures, but the numbers at stake
are enormous

)
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Roadmaps to exascale for large industries
(Aeronautics, Oil, Nuclear energy, ...)

Roadmaps are different depending upon

particular industries but  for a number of domains
Exascale capabllity/capacities are needed to
solve the industrial problems
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Improved predictions of complex flow
phenomena around full aircraft configurations
with advanced physical modeling and increased
resolution, multi-disciplinary analysis and

design
Aerodynamic and aeroelastic data prediction

Real-time simulation of maneuvering aircraft
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Seismics, Oil and Gas

Hero application to push the limit,
“farming” applications to follow

Largely embarrassingly parallel

Major problems are programming model,
memory access and data management,

Need Zetaflop for full inverse problem

Uncertainty qualification (UQ) In numerical
simulation
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Seismic depth imaging methods evolution and HPC
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Nuclear Energy:
Steady CFD calculations on complex geometries

RANS, LES and quasi-DNS type calculations under
uncertainties (UQ),

Monte Carlo ultimate neutronic transport calculations

Time-dependant & multi-physics coupling
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Combustion and Gasification:
Hero applications in multi-scales, multi-physics

Turbulent combustion/gasification modeling
Exaflop for combustion at the right scale,

LES in large scale reactors
Coupling, multi-physics
Multi-cycle engine (weak scalability)

UQ in combustion/explosion
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Supercomputing Requirements: Mission Applications
L d I ASTRONAUT
- B e O SURVIVABILITY
i UNSTEADY SSME
ok IMPELLER
10 15 Columbia
I 3-D WING W/ 2004
VISCOUS FLOW
012k
E O VIRTUAL
“ MISSION
19 SIMULATION
om
010 ‘ SYSTEM
E CRAY C-90 \ ANALYSIS
B 2-D AIRFOIL / \
10 5
: 19
10 ASCENT ABORT
ANALYSIS
7
10 1990 - o 1 ZETTAFLOPS
- 1 GFLOFS 10 GFLOPS GFLOFS 1 TFLOPS 10 TFLOPS TFchPs 1 PFLOPS
106 ) T | ! MY | N P | N | N Y | N P | I % ]
10° 10° 10° 16! 112 103 10" 10" 102!
THEORETICAL PROCESSOR SPEED, FLOPS
MULTIDISCIPLINARY DESIGN IN
< S,Nﬁfgﬁ,ﬂﬁgﬁ,&}{'ﬁoﬂ < OPTIIMIZATION AND . — REAL-TIME WITH
ANALYSIS RISK ASSESSMENT VIRTUAL-FLIGHT




==

HPC and industry, some general comments based on Top500

Economical challenges: design and competitivity,
a few examples from transportation and energy industries

Roadmaps to exascale for large industries :
Aeronautics, Oil, Nuclear energy, ...

Societal and environmental challenges
Outcomes and software needs

Overall cost of an exascale European program



¥

| 4 # =

12
#II (
ACARE (Advisory Council for Aeronautics Research in Europe)

Vision-2020 sets ambitious goals for the next decades:
- Decrease of the perceived external noise level by 10-20 dB
- Reduction of GHG emissions by 50%

predicting and mitigating against the effects on climate
change

# |
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