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The Integrated Tokamak Modelling Task Force (ITM -TF) [1,2] was established in 2004 to coordinate the European tokamak
modelling activities under EFDA. AIM: provide a standardized simulation framework  supplying transparent, consistent and
efficient integration of most of the state-of-the-art EU codes modelling both the plasma physics and the tokamak

subsystems , for the simulation of present experiments and the prediction of complete discharges in ITER and beyon of

EU ITM-TF philosophy and approach The

Comprehensive integrated tokamak modelling: _ | _
v’ infrastructure describing . different physics codes are integrated as modules

sharing the same standardized interface for data input/output and

v’ strategy: divide the global problem into Elementary Physics Problems can b_e_ea}sily intercha_nged in the SaMe ITM WOrkﬂOW
(equilibrium, transport, MHD, sources, diagnostic response, ...) > i Fhe possmle.sources _Of _dlscrepancy In benchmarks
v" fully modular and flexible simulation platform » easlly refine the physics description

v’ standardized interfaces for physics and technology Benchmarking of electron cyclotron heating

and current drive codes on an ITER scenario

A benchmark among five European EC beam/ray-tracing codes
(C3PO, GRAY, TORAY-FOM, TORBEAM, TRAVIS)[9,refs therein]
was successfully performed for the standard inductive H-mode
ITER "Scenario 2" for three different launching conditions from

the Equatorial Launcher (EL) and Upper Launcher (UL).

1) Divergent beam from EL at small toroidal launching angle - Heating and CD in the core

2) Same as 1), with larger toroidal launching angle - off-axis H&CD
3) Focused beam from the UL, aimed at the q=3/2 flux surface ——> (Antennas CPQO)

v' completely generic workflow

Case Ry (M) z;(m) a(°) B(°) wy(m) d(m) Eor sl the cases: (Hu,zo):_launching point
1(EL25) 927 062 0 25 0.030 000 PO=1MW o poloidal angle

=170 GHz B: toroidal angle
2(EL40) 927 062 O 40 0030 000 f w,: beam waist

3(UL) 690 418 48 18 0021 {gp Ordinary Mode e
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C3PO/LUKE
GRAY
TORAY-FOM
TORBEAM

- TRAVIS

ITER "scenario 2"

B(0)=-53T@R,=6.2m
|, =-15 MA
q=32@p,=08

n,(0) =10® m?

T.(0) =25 keV
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Heating and current drive 0
= TTER rid sho el s Good agreement of all five codes Is found |
o A mntices s mdeulen) ‘ in all the 3 cases: 5
» |8lp/ lop|< 15%, 7
0 6
> 3(dP/dV)/ dP/dV ~ [8Jp/ Jep| ~ 10%, <
> peaking positions match within dp~0.02 §4
> 3
& 2
1
8§76
1 CEA, IRFM, F-13108 Saint-Paul-lez-Durance, France. 9 Association EURATOM -DTU, 4000 Roskilde, Denmark
2 Max-Planck-Institut fir Plasmaphysik, EURATOM  -IPP Association, Garching , Germany 10 Association EURATOM -OAW, Institute for Theoretical Physics, University of
3 Associacao EURATOM/IST, Instituto de Plasmas e Fu  sao Nuclear, Instituto Superior Innsbruck, A -6020 Innsbruck, Austria
Técnico, Universidade T écnica de Lisboa 1049-001 Lisboa, Portugal 11 Associazione Euratom -ENEA sulla Fusione, C.R. ENEA -Frascati, Via E. Fermi 45,
4 Euratom -VR, Chalmers University of Technology, G = 6teborg, Sweden 00044 Frascati, Roma, Italy
5 European Commission, Directorate-General for Rese  arch and Innovation, B -1049 12 JET-EFDA, Culham Science Centre, OX14 3DB, Abingdon, U K
Brussels, Belgium 13 EFDA-CSU Garching, Boltzmannstr. 2, D -85748, Garching, Germany
6 Istituto di Fisica del Plasma CNR, Euratom -ENEA-CNR Association, 20125 Milano, Italy
/ Royal Institute of Technology, VR -Euratom Association, Teknikringen 31, 100 44 * www.efda-itm.eu e
Stockholm, Sweden ** See the Appendix of F. Romanelli et al., Proceed ings of the Cea anjiri
8 Associazione EURATOM -ENEA sulla Fusione, Consorzio RFX, 35127 Padova, | taly 24th |AEA Fusion Energy Conference 2012, San Diego, US.

TH/P2-25, 24" |AEA Fusion Energy Conference, October 8 -13, 2012, San Diego, California, USA 1




7

e T T,
o - '.1""'."1'-;':"-5
miﬁh;

Task Force on Integrated Tokalialaivio

-
e
-

EUROPEAN FUSION DEVELOPMENT AGREEMENT aSSs RS
e ElrepeaniniegraieaniokamakalViodelinegNEhie)t:
AchievementsSanaNEsSiERysSICsHesuliis

Core-edge coupling within EU -ITM infrastructure | e

coupled simulation results

Automated direct coupling of an edge 2D transport code (SOLPS using EU ITM -TF tools:

electron temperature,
[11]) and a 1D core transport code (ETS, the European Transport calculated in the

Solver [12], including an impurity module [4]) was demonstrated for « core from ETS
the particular case of steady state and multiple impurities * edge from SOLPS

within defeatured 3D first wall
(D+He+C+Ar+Ne 42 states) [5] of ASDEX Upgrade obtained

Neutrals here not treated by the core codes. by ray-tracing rasterization
and smoothing [13]

ASDEX Upgrade  17151999/501.000_Te ev]

#L7151at255  \  equilibrium_CPO o/ T, | - Integration & validation of Synthetic Diagnostics

limiter_ CPO
core and edge grid L L [6]

m——). HELENA [ A B I Neutral Particle Analyser
\ o - (born neutrals from ASCOT +
ETS — SOLPS

L J | SeEl || pitch velocity in collimator domain) . "
no . | l
W) G

=1.0p -
1.0 12 14 16 18 20 22 24 le+18 ‘.\,
R A
i
W’ y A ’ .'\
N\ [ 5
QA H NS
FSN p e
17151/999/501.000  C1+ [m~-3] 17151/999/501.000  C2+ [m~-3] 17151/999/501.000  C3+ [m~-3] le+18 17151/999/501.000  C4+ [m~-3] 17151/999/501.000  C5+ [m~-3] 17151/999/501.000  C6+ [m~-3] 1le+18 = 2 \l :§- d o 'y ‘e N4

- -

3D wall X X

and .

~ N g g g ~ 00 -
1e+17 let16 h 4 . *
v [ A VS il 3 /
“0s -0s “0s “0s -0s -0s SN v 2 7 R
L . 4 { CEFSSENELY g
=N =Y La+16 = 1. \l 7 ) s = = 10415 ;;T‘ e Ag ~
-10] -10 -10 { -10 1 I/ -10 A -10 *“1 C 3 5 L]
N (2 i 3
Core-Edge Coupling: D+He + C+Ar+Ne Y - L ! -
0 12 12 16 18 20 22 24 0 12 14 16 16 20 22 24 1ae15 0 12 14 16 18 20 22 24 [0 12 14 16 18 20 22 24 [0 12 14 16 18 20 22 24 [0 12 14 16 18 20 22 24 f 1 &
R R R R R 2 | i\ e
T T T T T =
T T T T T 7 =Y
C O n Ve rg e n C e 17151/999/501.000  Nel+ [m~-3] 17151/999/501.000  Ne2+ [m~-3] 17151/999/501.000  Ne3+ [m~-3] 17151/999/501.000  Ned-+ [m~-3] 17151/999/501.000  NeS+ [m~-3] / L]
", y/
. / = =
. 0s \‘:\ os N\ 05 05 05 le+1s h n n [ ]
s __B— — y Zi\\'{‘\\ | // i 1le+15 _
A o ‘ [ ) ' olarizatlions IS peing tesite
I
— Q N 00 \ /| N 00 ‘ ) N 00 N 00 N 00
— . © Y \
= Z / i le+14
3 £ le+14 — )
— -0.5 -0.5 -05 -0.5 4 -0.5
o -

A generic framework for

neutron synthetic diagnostics |

Electron power (ETS->SOLPS) — - Te (SOLPSETS) é | | haS b een Inte gr ate d JET
e IR Y; | e g | ... neutron MPR

Case converged after 5 iterations (domam voXxelization + r o “solid angle”

neutron source rate/spectra + | contribution

Turbulence -transport simulations diagnostic response)

700

Turbulence simulations for JET hybrid discharge #7/7922 were
performed with the electromagnetic non-linear gyrofluid GEM code [10] | Validation of a spectral MSE forward mode|  #sex e s zsizs, 1325, chamet 4 (5 ~20m. =006
executed in batch on the HPC-FF within an ITM workflow. [14] for MSE spectra and charge exchange
Experimental profiles at 47.7s (T, ;,n, ;,toroidal current) and basic MHD | of the plasma + beam (full, %2 and 1/3 beam

equilibrium geometry were given and s-a model assumed. components included) started on ASDEX ;
GEM actor runs in parallel 8 independent fluxtube cases, at given Upgrade. |

Exp
Model(all) ||
—©— Model(CX)
~ Model(MSE)

& 5

Counts [107]

reference points on the profile producing particle and heat fluxes
profiles for both species. The experimental case was found to be ITG
stable for most of the profile except for the edge point at r/a=0.96.

MSE emissivity wavelength spectra A
for ASDEX Upgrade shot #26323 Wavelengih [

o % A transport workflow was then setup: a fluxtube chain consisting of
. — an independent run of the local delta-f model at each of 8 reference
Simple Kepler workflow, o points on the profile, as above, but with the fluxes equalised using a

accessing JET shot data ~ ——" T profile modification algorithm designed to adjust the profiles into

_ ualcollector

féOETAtEng gcﬁfrtabase' e transport equilibrium (prescribed power profile with the correct total

(produced via HPC2K ITM “Er e & == "' power at the outermost surface).

tool) Is executed in batch $ 77973 | [——— Each workflow step takes the plasma profiles as input, calculates an

on the HPC -FF okpT T | e e - . : .

= S equilibrium_CPOQO using, at present, a shifted circular model, both CPOs
o ’ are then input to GEM for a run segment of 10 1,5 producing flux
- ed Display2 profiles, finally the simple equilibration model is used to adjust the

temperature profiles.

I Conventional direct comparison of turbulence simul ations to A relaxation time constant is used, which needs to be calibrated.

experimental measurements and transport is often di screpant, The workflow Is being tested 2000 loop steps are used, corresponding

unless some form of artificial convergence is used . to 2 10% 155 but a fully relaxed case is not yet available.
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