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* NTCC (National Transport Code Collaboration)
cldl0dbbilbObOUlObOUOOn (GLF23, NCLASS,...)
® SciDAC (Scientific Discovery through Advanced Computing)

ciloUluounoodododnd (National Fusion Collaboration)
© Turbulence, Extended MHD, Wave-Particle, Reconnection, Peripheral

®* New SciDAC projects: Fusion Simulation Project

© 2005:

— Center for Plasma Edge Simulation (CPES)
— Simulation of Wave Interactions with MHD (SWIM)

°© 2006:

— International fusion collaboration
— Integrated software environment
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* EFDA Task Force: Integrated Transport Modelling (Dec. 2003)
® The Code Platform Project (CPP):
cpUuUUuoooboOd
®* The Data Coordination Project (DCP):
o000 (XML schemas, ITMdatabase) U U U OO0 0O00O0O0OOn
* Five Integrated Modelling Projects (IMPs)

counud MHD OO«
—ooooouoooodotdEFIT-ITM

o0l MHDOUOOODODOOO: RWM, Sawtooth
cuynuuuougbggn:
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* Transport Analyzing System for tokamakK

TASK/PL |00 00O 00000 ~000000000000
EQ 0000000 00000000000000
TR|OO00O000O0O 00000000000000
WROODODODOOOO EC,LH:00000000000O0
WM OOODOODODO IC,AW: 000000000000
FP|IOODOODOO 0000000000000
DP|0O00O0C 0000000000000000
LIB,MTX,MPI OO OO OO0 0000000000 MPI
00DO0TX|000000C0 00000000000000
WX OODoOoOOoDO FLROODODOOODOODODOOOO
TOPICSOEQU| 0000000 0000000
NBI| OO DOODODO 0000000000000
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Experimental Database

ITPA Profile DB JT-60 Exp. Data

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

Simulation DB

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

Data Interface

PL
' n
p(Y) V'(p) ‘;Eg; o
Q(LIJ) Pabs(p) T(p) G(R!Zs(p) €(p,9,t.p) B
n(p) P.. (p)
WR,2) T(p) i abfp? ER.Z.) Ep,8,) .
’ i cb P.bs(R,Z,®) P.bs(P.0,9)
u(p(p) f(p,, P.P)
or
Equilibrium Fokker—Planck Full Wave

Transport Ray Tracing Wave Dispersion
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Oodoogo
Machine ID, Shot ID, Model ID O00000o00oon
O00000: (Level 1) NSMAX s Number of particle species
RR R m Geometrical major radius PA Ay Atomic mass
RA a m Geometrical minor radius PZ0 Zos Charge number
RB b m Wall radius PZ Zs Charge state number
BB B T Vacuum toroidal mag. field PN nsp)  m’ Number density
RKAP  « Elongation at boundary PT Ts(p) eV Temperature
RDLT ¢ Triangularity at boundary PU usp(p) ~m/s  Toroidal rotation velocity
RIP I A Typical plasma current QINV 1/4(p) Inverse of safety factor
ODO0o0obd: (Level 1) Doogooo
PSI2D  y,(R,Z) Tm?> 2D poloidal magnetic flux CEPS  €(p.x.0) Local dielectric tensor
PSIT Y(p) Tm*>  Poloidal magnetic flux 00000000
PSIP  y,(0) Tm> Poloidal magnetic flux CE E(,x.0))V/m  Wave electric field
ITPSI 1(p) Tm Poloidal current: B4R CB B(p, x,{) Wb/m? Wave magnetic field

IPPSI 1,(p) Tm Toroidal current

Oo0Ooooooooogd
PPSI p(o) MPa Plasma pressure

RRAY R(€) m R of ray at length ¢
QINV 1/q9(p) Inverse of safety factor ZRAY 2(0) m Z of ray
oo PRAY (0) rad ¢ of ray
1D: V'(0), (VV)(p), - -~ CERAY E(¢) V/m  Wave electric field
2D: gy - PWRAY P({) WY Wave power
3D:  gijy - DRAY  d(¢) m Beam radius
nooodgoooon VRAY v(0) 1/m  Beam curvature

FP f(p,0,,p) momentum dist. fnato =0
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e (][00 0OO: Derived type (Fortran95): (1 1 [

time plasmaf¥%time
number of grid plasmaf¥%nrmax

e.g. square of grid radius | plasmaf¥s(nr)
plasma density plasmaf%data(nr)%pn
plasma temperature |plasmaf%data(nr)%pt

e UL UOULUOUOLDOUbLODUObbOubObLod

Initialize | bpsd_init data(ierr)
e.g. Setdata bpsd set data(’plasmaf’,plasmaf,ierr)
Get data | bpsd_get_data(’plasmaf’,plasmaf,ierr)

e [ DO:
cubuuubtububuotdbootdbbodbbtud
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e TOPICS/EQU: D OO OO OOO
e TASK/TRUO U OUOODOO (CDBM + Neoclassical)

e QUESTU OO D OO
°©R=0.64m,a=036m, B=0.64T, I, = 300 kA, OH+LHCD

Yp(R,Z) Jo Te(p, 1) Jio, 1)

TE [keV] vs t AJ [A/m"2] vs t
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Self-Consistent Wave Analysis with Modified f(v)

¢ Modification of velocity distribution from Maxwellian

o Absorption of ICRF waves in the presence of energetic ions

o Current drive efficiency of LHCD

© NTM controllability of ECCD (absorption width)

e Self-consistent wave analysis including modification of f(v)

—_—

Time Evolution (W)
q(p)

up(W)

&2

EQ

flogpy) o

.

o PP

T e(p.8p)

PL €(p.6.%)

WM

E(p.6,¢)

E(p,6,¢)
o—»>

FP

Py PL.P)

Paps(P)
jCD(p)

_____J Data Interface

Equilibrium

Dielectric Tensor

Full Wave

Fokker—Planck



Development of Self-Consistent Wave Analysis

® Code Development in TASK

© Ray tracing analysis with arbitrary f(v): Already done
o Full wave analysis with arbitrary f(v): Completed
© Fokker-Plank analysis of ray tracing results: Already done

© Fokker-Plank analysis of full wave results: Almost competed
o Self-consistent iterative analysis: Preliminary

¢ Tail formation by ICRF minority heating

Momentum Distribution Tail Formation Power deposition

PPPPP

’ Pabs W/0 tail |
) ! \‘ i

.0 0.5 1.0
r/a

2//1/!/_//_/_/_///// \‘,\\\\\\\\\\\\\x\\ FERANN\N
LT LT AN E LTI y

oo - N w B 2]

17/

PPARA




Integrated Analysis of AE in ITER Plasma

e Combined Analysis

o Equilibrium: TASK/EQ
© Transport: TASK/TR

— Turbulent transport model: CDBM
— Neoclassical transport model: NCLASS (Houlberg)
— Heating and current profile: given profile

o Full wave analysis: TASK/WM
e Stability analysis
o Standard H-mode operation: I, = 15 MA, O ~ 10

o Hybrid operation: I, = 12 MA, flat g profile above 1
o Steady-state operation: Iy = 9MA, reversed shear



Standard H-mode Operation
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AE in Standard H-mode Operation

q profile

Mode structure (n = 1)

0.8
0.4}
0.0 0.2, 0.4 0.6 - 0.8 1.0 Ox O
Alfvén Continuum
.20

.16

JA2F 0.0
AP r
Al f» = 95.95kHz
o4 & £ = —1.95kHz
.00 LY Stabilization due to ¢ = 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Y
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