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EUROPEAN FUSION DEVELOPMENT AGREEMENT

The European Transport Solver: an integrated approach for transport simulations in the plasma core.
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| mpurity simulations performed for JET conditions allow to infer that the increased radiation during the |CRH phase as compar ed to the NBI phase can be explained by an increased W sour ce.
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Design & Verification Physics Applications Proofs of principle
Physics modules coupled to the ETS:

A large choice of equilibrium solversisavailable (BDSEQ, EMEQ, SPIDER, Ver|flcat|on Of |mpur|ty module
=

EQUAL, HELENA, CHEASE, EQUIFAST). Transport coefficients can be

TIME LOOP

The VDE isforced by imposing a substantial voltagein two

used, provided by neoclassical transport (NCLASS, NEOWES, NEOS) as of the poloidal field coils (PFC1 and PFC6). Asaresult, the

TRANSPORT well as anomalous transport modules of different complexity, from an Argon, At = 10°s, NRHO=100 Benchmarking of the ETSimpurity solver against SANCO - - L
) () analytical description (Epohm-GyroBohm Coppi—Tangp ETAYI GB),toa ° impurity code was donefor conditions of low confinement mode plasma moves downwards on a ~100 mstimescale, which is
T _I_FJ :_JEEF quasi-linear description (GLF23 or Weilénd model) u;o tofirst-pr’inciple discharge, assuming inter pretative parabolic profiles for density consistent with other modelling studies.
UR'TY electromagnetic turbulence models (GEM code) run in parallel on the HPC- and t.zrgggaEUFrIeTOf mall_rlglt_)ns and mterpre_tatlvedequléllbrlgm
FF asan integral part of thetransport simulations. Sources and sinks pm\d". 1210 e qu' {DFICIT !‘eCOI’letI‘lI:I]C'[IOI’] TC.’ €. boundary
include the contribution of electron cyclotron heating (GRAY code), neutral conditions in both codes wer e given Dy thetotal impurity

concentration at the last closed magnetic surface, assuming the
coronal distribution at the corresponding ion temperature.
Good agreement is achieved for carbon and argon
concentration in comparison between two codes.

beam injection (NEM O code), radiation from impurities and
Bremsstrahlung radiation, gas puffing, pellet injection and Ohmic power .
Thetotal transport coefficients or sourcesfor each equation can also be

taken from the database or can be derived aslinear combination of values
provided by different individual

= oFREE modules. The effect of non-linear S
”BR'”“" MHD modesistaken into account
1-D GRAD- a 8
through neoclassical tearing mode

or sawteeth modules.
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_ m— Modelling of JET discharge #81856

ETS workflow under KEPLER:

- Physicist-friendly graphical interface
- Any physics module can be easily replaced by an
equivalent module
- All modules communicate via CPOs
» Can run on the same node as K epler i e
* In thebatch queue of the Gateway O e w—
* Remotely on the HPC-FF

The module for the Neoclassical Tearing Mode, NTMwf, implemented in the ETS

wor kflow, ssimulates the time behaviour of the NTMs, resistive instabilities breaking the
flux surfacesinto magnetic islands at the rational surfacesg=m/n. The modesare
destabilized by a loss of bootstrap current proportional to the plasma pressure. The
simulated modes grow starting from the specified onset time up to the saturated state.
Their growth affectsthe local electron and ion temperature and density by changing the
perpendicular transport coefficients around the mode location. The transport is modified
by the NTMwf module, which adds a Gaussian perturbation of given amplitude and width
to the unperturbed transport coefficients. This approach enablesthereproduction of
density and temperature profiles very close to the experimental ones.
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- Allowing for easy benchmarking between codes
channel) channel)

- Allowsfor the trade-off of accuracy and speed
*Versionsthat run faster than real-time
*Versionsthat might require huge
computing resour cesto try to under stand
every

* No essential difference between density and temperature
profilesduring NBIl and | CRH phases

Madels

RF heating 3.5MW NBI heating 3.5MW
; BOZ 31856 10500000

Validation and verification

Computations obtained with the The ETSwas applied for the impurity simulations of JET

ETSusing three different shot #81856 (I TER like wall) with two phases of 3.5 MW of . .

equilibrium solvers, SPIDER, auxiliary heating delivered by ICRH and NBI respectively. Turbulence transport coefficients

EMEQ and CHEASE, for the ThelCRH resultsin a substantial increase of both effective

conditions of JET shot (#71827). cNhlglrg(?], Zeff, and radiative power, PRAP compared to the Sl Terun remelEh am IS CE o 25 G

Transport equationsfor phase. while the main part of the workflow, which is

![ooI0|daI tflux, electronl agdd 101 serial, isrun on the | TM computing cluster.

emper atur es wer e solved, using - :

Spitzer resistivity for the The plasma contamination during the | CRH phase can be GEM isimplemented asa chain of 8 flux tubes,

current and Bohm-GyroBohm caused either by an increased sour ce of impurities or by from Oto 7, with thei-th case at normalised
ETS/SPIDER =N o CondUCtiViLy felo e SEISSI SO :O[:g ?iguéaﬁ?#éfe[rf 'fﬁ?f]l-?]sAp?r'Qf- Ii?gga]:tl Lg;

temperature. The electron u | | ion,
ETS/EMEQ density was prescribed from the runsfor 10 gyro-Bohm timesand returns
ETS/CHEASE experiment at a given time. The » No radiation peaking in the core, theincreaseis quite transport coefficients.

computationswerecarried out uniform

oelnliiise Su] IS Thesharp rise at the edge isdueto the nonlinear

evolution at which a steady state
solution isreached. -time: 20s (ICRH), n_W =8.0E14, n_Be =3.0E17, D_imp =BgB,V_imp=0m/s
-time: 12s (NBI), n_W=8.0E15, n_Be=3.0E17, D_imp =BgB, V_imp =-0.5m/s
A rather good agreement IS -time: 12s (NBI), n_W =2.35E15, n_Be=9.1E17, D_imp =BgB, V_imp =0m/s
obser ved among computations
using different options for the
equilibrium solver.

processes occur ring when long-wavelength
turbulenceis present. Inthe core, by contrast,
the parallel electron coupling is much mor e stiff
and the nonlinear long-wavelength character of
edgeturbulenceisabsent.

Conclusions

Benchmarking of the ETS against ASTRA and
CRONOS transport codes was performed for
ASTRA . conditions of hybrid scenario discharge with The new modular transport simulator ETS developed by the | TM-TF was applied to simulate the conditions of several dischargesin JET and ITER. The
CRONOS current overshoot, Btor=2.3 T, I pl=1.7 MA, high simulations wer e mostly aiming to module cross-verification, proof of the functionality of workflows coupling, i.e. FBE and turbulence codes to the transport
triangularity (0.38), 18MW of NBI, nl=4.8e19 solver. The ETS workflow was successfully benchmarked against major existing codes.

m-3, BN = 2.8. Spitzer resistivity was used for
the current transport and heat transport

Furthermore, several equilibrium solvershave been benchmarked within the ET Sworkflow. A close agreement was obtained.

coefficients wer e obtained from Bohm- _ Impurity simulations for JET discharge 81856 show that the increased radiation during the ICRH phase as compared to the NBI phase can be explained for

gyroBohm model. The Gaussian H& CD profiles Starting with the NBI phase the Be and W sour ces wer e adjusted through their boundary valuesto match the experimentally measured impurity concentration and example by an increased W sour ce. Theimpurity densities at the boundary for the NBl and |CRH phase, leading to a good agreement between the measured

(centred at p=0, half-width pA=0.3), with the radiativelosses (nW = 8.0-1014 m-3; nBe = 3.0-1017 m{8r Be and W impurity densities assuming zero impurity convective velocity ( ). Taking these and simulated radiative power under condition of the Bohm-gyroBohm impurity diffusion and zer o convection, have been estimated.

total heating power Ptot=18 MW, distributed results as a reference theimpurity distribution during the ICRH phase has been first simulated by assuming a radially constant negative impurity convective . o : o . . .

7(_)/30 between ions and el_ectron_s, wer e used velocity of -0.5 m/s. Thisresultsin an increase of WRAD and Zeff, mostly at the magnetic axis, whereimpurities start to accumulate ( ). Such WRAD The ETSwor kﬂ.ov‘.' simulation including the NTM moglu!e demonstratesthe mOd'f'C%“O” of temperature me”e e e of mqeas_:ed rag:hal trans%)ort

with all codes. Total non-inductive current was profile appear ed to be inconsistent with the bolometric measur ements showing a rather flat profile of radiative power during the |CRH phase. In addition, taking due to amagnetic isand. The 2/1 mode grows on aresistivetime scale to a saturated island width of 8 cm in about 150ms of time evolution, inducing the 16%

Ini=0.12 MA, neglecting bootstrap current into account a small volume contribution from the plasma centre, the total radiative losses change only within a few percents compared to the factor 2.5 measur ed drop in the stored energy.

contribution. in experiment. At the next step ( )., the reference case has been repeated with zer o convective velocity and increased (roughly by factor 3) impurity A version of the ETSworkflow coupled to the FBE code CEDRES++ has been set up. A first test simulation of a VDE in I TER finds a VDE timescale of 100ms,

Satisfactory agreement has been obtained sour ces (boundary densitiesarenW = 2.35:1015 m-3; nBe = 9.1-1017 - this case a much better agreement with measurementsfor WRAD profileand Zeff is which is consistent with that found by other studies. A key upcoming step will be the implementation of a magnetic control system inside the ETS-CEDRES++
' obtained. These ssimulationsindicate that an increased impurity sourceisa possible reason for the W accumulation during the | CRH phase of #81856, although the wor kflow, which is needed for free boundary scenario simulations.

Slight differencesin profilesrefer to different
equilibrium solvers used within compared A proof of principle of turbulence-transport coupling was demonstrated with the ETS-GEM coupled simulations. The generic behaviour of turbulencedriven
codes. transport isobserved: a sharp rise at the edge dueto nonlinear processes, combined with arelatively moderate transport up to the mid radius, due to stronger
parallel electron coupling reducing long-wave contributions.

effect of theradially shaped convective velocity can not be excluded.
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