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- SCiDAC (Scientific Discovery through Advanced Computing)
- Fusion Simulation Project (2005~)
- Center for Plasma Edge Simulation
- Simulation of Wave Interactions with MHD
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¢ |ntegrated Modeling

- Jardin, Becoulet, Fukuyama, Park

Edge-Core Integration

Kritz, Ozeki, Chang, Kawashima, Lo Destro

Computation
- Tokuda, Todo
Waves and MHD

Batchelor, Chan, Murakami, Naito

Transport

- Weiland, Uzawa, Anderson, Honda, Hayashi, Nakamura, Mitarai

MHD and Transport

Kusano, Ohnishi, Yagi, Ueda, Nishimura



Fusion Simulation Project in US: (Jardin)

What do we mean by a comprehensive
Integrated modeling framework for fusion?

1%D Integrated “first principles” codes
Plasma Simulator ——
5D Gyrokinetics Code
Equilibrium Module <j> 3D Extended MHD Code
MHD Module Full Wave RF Code
o-particle and o
beam Module c “first principles”
3 coupled codes
Edge Module g'
% <: 5D Gvrokinftics Code
NP Iteelies @ 3D Extended MHD Code
* develop new
understandin
Transport Module d 3D Extended MHD Code
* improve +
reduced models Full Wave RF Code




SWI M: Simulation of Wave Interaction with MHD (Batchelor)

Interaction between IPS and fast MHD

Common superstructure:  Component orchestration and workflow tools, job
launch, and job management and monitoring tools.
‘Integrated Plasma Simulator” Code Suite “Extended MHD" Code Suite
Initializatio t=t+ At Apply “reduced” ~4 Initialize 3D
instability model .| | calculation
¥ to marginally
SOURCES able e unstable L t=t+ At
state [
RF: NBI & «: | Fueling: e
Wave Injection, | Gas Test Linear Stability !
solution  |ionization, | Puffing, valve 30 fielde
and slowing recycling, E,:}]n ]:".L. fD h“ald ol
deposition |[down. birth | pellets Evolve Equilibrium bt e il
Magnetic Configuration PIESSUIES In presence
¥ ¥ of energetic non-
Distribution Function: T Maxwellian particles.
Fast particle Evolve Profiles L
eneration due to $ Evolve 5D energetic
- NBI, Tusion «, : particles component in
Lol vy | Electric Field E(J,) : i
2D State Data: 3D State Data:

—

Equilibrium, Profiles, distribution function Fields, velocities, particles

Shared infrastructure components: high level numerical libraries, job monitoring
and tracking, file /O and staging, metadata management, collaboration, graphics




EU Integrated Tokamak Modeling TF: (Becoulet)

the 2005-2006 work programme schedule

prototype platform platform release
» CPP
V&YV proc. data management univ. access layer
» DCP
V&YV support
code identif. standardisation V&V, documentation
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extend linear MHD codes \
IMP#1

edge MHD, core MHD, disruptions

edge transport, core transport, integrated discharge evolutions

> IMP#3

Linear ustab, turbulence, neocl. transport i |MP#4

H&CD, fast particle instab. and losses / IMP#5

== code catalogue ======s=

— | -

2005 2006 2007

EFD EUROPEAN FUSION DEVELOPMENT AGREEMENT
! A INTEGRATED TOKAM AK MODELLING .
www.efda-taskforce-itm.org



Integrated Code Activity in Korea: (M. Park)

Integrated Discharge Simulation Code for KSTAR

Edge
Turbulence




Targets of BPSI in Japan: (Fukuyama)

®* Framework for integration of various plasma simulation codes

o Common interface: standard data set, program interface
© Reference core code: TASK
© Helical configuration: data analysis and predictive simulation

® New Modeling: various phenomena with multi-scale physics (e.g.)

° Transport during and after a transient MHD events
° Transport in the presence of magnetic islands
o Core-SOL interface

e Advanced Computing: high performance, efficient use of resources

o Parallel computing: PC cluster, Massively Parallel, Vector-Parallel
o Distributed computing: Globus, ITBL (IT Based Laboratory)
o Visualization: Parallel visualization, VizGRID



Modular Structure of TASK Code: (Fukuyama)

ITPA Profile DB JT-60 Exp. Data

n(p), T(p), n(p), T(p),
q(p), Pabs(p) ... q(p), Pabs(p) ...

Experimental Database

Data Interface

PL
: n
p(Y) V(p) ‘;Eg; B
Q(\IJ) Pabs(p) T(p) G(R:Zs(p) e(paes(p) B
u(p(q)) JCD(p) E(p,e’(p) f(p//s pJ_)
n(p) P, .(p)
S T(p) i E(RZ) E(p.0,) .
’ i) b Pabs(R'Z'(p) l:.abs(p’e’(p)
ucp(p) f(p,, P1.P)
3
Equilibrium Fokker—Planck Full Wave

Transport Ray Tracing Wave Dispersion



Modeling of ELM: Transport + MHD: (0zeki

Enhancement of i, and degradation of T.

n=7 mode becomes unstable at 1.299.
The heat conductivity increases according to the eigen function.

The pedestal of the ion temperature is degraded.
— next, the relaxation of the shoulder appeared.
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Turbulence-Enhanced NTM: (vagi

Dependence of Nonlinear Growth on

Electromagnetic Energy

Fourier Mode Numbers

gy =1.2(4=10.25)
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