Status and Plans for the TRANSP Interpretive and Predictive Simulation Code /.

) ) PPPL

PRINCETON .
o1 ASMA PHYS|CS F. M. Poli, J. Breslau, M. Gorelenkova, J. Sachdev, X. Yuan, S. Kaye
st aliEi Princeton Plasma Physics Laboratory, Princeton University Princeton, NJ, 08543
RANSP is a time-dependent, 1.5 D solver for interpretive anc ' ' ' ' : : :
e P | ) p Plans for improving calculations of anomalous fast ion transport Plans for the development of a fusion flight simulator
predictive analysis of tokamak and RFP plasmas [with M. Podesta’ and N. Gorelenkov (PPPL)]
The kick model is becoming a workhorse for the analysis DIID #170247 0 Mol GOAL: devel triandly interface that all teering TRANSP simulations f Simulink
AT e of discharges with Neutral Beam Injection. ol : : develop u.ser- riendly interface that a OV\{S S germg . simula |on§ rom Simulink.
el lelelkien sseumistons 2 25! 20 Umsl 2600 — TRANSP provides the plasma response and Simulink provides the actuator input
J[ o o, s 20 cla;m —> Capability of monitoring the run and allow human intervention to control the discharge
SO * Kick “interpretive” run: c 15 3
B : 3 10° measured s
ETRS———— Scale kicks to match measured neutrons 2 5 kick, match neutrons 2 Initial ¢ | ’ test ful cre 1 ¢ ),
, | RF source . - Ko maten ne g nitial ‘'open loop” test case successtu Initial ‘closed loop’ test case successful
NB source Neutral transport (TORIC [ICH], LSC (LH), — Mode amplitude related to Wigang 200 2400 2500 I:;odo 270 20
(NUBEAM) | = | TORAY/TORBEAM (EC), * Inferred NTM island width agrees with measured wy, tHms] 5 Plasma current and B Plasma current and By To/from TRANSP
\ ; GENRAY+CQL3D = 8 T i N measured from TRANSP .
.| Plasma transport solver , (ECE) £ L 8 measured from To/from TRANSP . running on remote
y % lot updat
[ECH,HHFW, LHCD]) 2 sS4 TRANSP run (plot . =% running on remote run (plot updates in computer
— a posteriori check, validation e 5 o o, ey AR ‘real-time’ as the
_____ l . . g B 8 updates in ‘real-time T computer - TRANSP run progresses)
D, A by sodes, | o o] —— e Favorable comparison with phase-space resolved data 5 o E astEc:O;I::sNSZSP)run
ELITE, IPS, SciDACs, etc. i’PIasma State”— (GTC-NEO, GYRO, GS2, GTS...) (FIDA) = §4 g Beam power commands
— Acceptable for co-passing, good for counter-passing ; _ modified by Simulink
Output of TRANSP (Plasma State File) is standardized for simplifying — Key exercise for model validation 0:70 T S T A Beam power control algorithm to e -
MAJOR RADIUS (am) track target B, sent to S -0

waveforms
programmed in

input to other computationally intensive codes

* Ad-hoc diffusion would give same drop for co/cntr

ple based Offset=0.01 T=2.000
| K
FF beam
o 3
"
)
power &
T T T T T T T T T feedback controller
l -
] |
[RANSP s I =
) total power
2 6 4
5 =
E
) —Pecedback or
1 1.2 1.4 1.6 1.8

: : : —_ : : Simulink, sent to I T ) Feedback alaorithm in
Kernel of the code is the solution of particle, energy and Analysis being extended to sawtooth instabilities [D. Kim, Nucl. Fusion 2017] TRANSP run at each 5 — e i Rl | c— Simul?nk
. 204163 t=1.353s, + =[651-653.4nm timestep
momentum transport equations o[ orosawiogp— ] 2.5F (d) tFIDA data The kick model reproduces the observed
0 ' 0 ' 0 ' ?3 N .' 1 1 1 1 N . . o . . .
Particle: o, )—8—£|Vp|2 VDa—n}V S A~ ¢ 2 posi-samiooln F ok asymmetry in the FIDA diagnostics, with 2 Demonstrated communication and time stepping control Demonstrated Simulink control of By using total beam power
P P £ [ @ kick mode 25 1of —— prosavioain drop inside the inversion radius.
o na 1 — post-sawioot
2 3 E] — energy dependent model needed [with M. Boyer (PPPL)]
enerey €0 £ |+ 21 (5ol k(- 5) V01 < = to describe energy-dependent
orL2 o 2o 2Tt reconnection fraction in Porcelli model
5 2 ”gé —> For more realistic description of effects
Momentum: g(nimiV’<R2>a))+ai[VTQ]=V’(Z]}npm—V~H¢—mnR(a)—a)*)rd;mp) oL pmt ecomecton . 53;00 DO — on fast ion redistribution Plans for self-consistent pellet injection and ablation for predictive modeling
! '0 Maijor :azdf)lus [em] 10 Major radius R [cm]
Interpretive: INPUT: T,, T, N, Vg,..... OUTPUT: Dg, Xei greve-: Following recent success, we are working on the development of: —> Goal over the next FY is to finalize implementation of a pellet injection and ablation model for self-consistent predictive models
Predictive: INPUT (model): X, Dgj, -... OUTPUT: T ; n,..... = general model for anomalous fast ion transport driven by low-n instabilities —~ T'm_e'dependent source Ferms for the der?SIty and. energy equations as the pellet penetrates the plasma
— self-consistent MHD calculations = Initial focus on hydrogenic pellets for fueling studies
—> synergy between RF and fast ions —> Extension for impurity pellets pursued in coordination with upgrades to the impurity transport model
— extension of fast ion losses to the SOL (with reduced model for the SOL) = Current implementation only effective for penetration depth studies for interpretive simulations
GOAL: focus over next 2 years on self-consistent calculations in TRANSP for anomalous fast ion transport — TRANSP simulation stopped and pellet injected
Upgrades and improvements to the experience of users — Contribution from ablation to the density and energy equations not included back into the plasma
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injection into an ITER-like discharge
International pool of users: * TRANSP free boundary tokamak equilibrium component, — I N RN 5 Pellet injection time 50 s sl e/ ]
, , ' calculating coil currents or feedback for select devices to e | %ﬁ\ Pellet starting r-position 415 m 7 . e 4 L
350 active users in 2018 match plasma LCFS to a prescribed boundary, based on known 0 RRIN ?§°?Z J ' : _ E '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
about 6000 jobs/year run at PPPL g, pressure profiles. O /é Pellett starting y-position -2m " g ' 2 gl ]
* Now available on the PPPL cluster as a standalone equilibrium ///: Toroidal aiming angle 139° :C _ =' ____________________________________________________________________________________________________________
TWO approaCheS to runs: SOlver. 3 //ﬁ Po|o|da| a|m|ng angle O° ) ﬁ __________________________________________________________________________
* Standard - S}melt to P_PPIj cluster * Executable version: A minimal subset of TRANSP scripts, libraries, and N \\k : Initial pellet radius 5 mm T ! B S
* NEW —local install of disk image executables, with Jython scripts available to read supplied profiles as L S Vel of seliel weleaior | 20 o i i i 0 i i i
from text files and generate equilibrium files and plots. ! =7 agnitude of peliet velotlly mis P Distance Along Path Lcnl Distance Along Path Lcnl
Advantages: < .
* expand use of TRANSP to Universities and small institutions y 5°“krcfl"e'|rs'ﬁ": A manmaI SU?SbGt of 'SOL\I/EbF} S‘f’“rce code with | =
: : iles linking to the NTCC library, available for customization an |
« does not need a trusted connection with PPPL maketiies finking ' G oo - -
incorporation into alternate workflows, e.g. OMFIT. 62 o4 05 w3 1 iz 14 is * Work supported by US DOE Contract No. DE-AC02-09CH 11466

R (m)

U.S. DEPARTMENT OF Office of

Y ENERGY science

TRANSP has DOI and version number => check @ https://transp.pppl.gov



