


« 3D non-linear equilibrium and stability
e equilibrium of 3D magnetic configuratioRSES
e time dependent evolution and stabiligr M 3D

e Major theory collaborations



* |deal MHD stability based odA version
of energy principle

» quasilinear MHD stability for islands Contours overlaid
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Al U New Directions;
vacuum

AN * integrated modeling of core and edge

Ll | |« improved models of non-linear saturation of high-
‘L chd‘uct‘or”" = m=1 mode, ELMSs, balloon-unstable region

» poloidal flux consumption and pulse length

» timescales for current rampup and rampdown
» shape control requirements
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Simulation uses experimental coil currents:
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o e ESTAI e paima plana
modified KE : NOVA, NOVA-K, NOVA-R

PEST-II




PEST.400 Unstable

PEST-1200

still have an advantage.

e Similar benchmarking now going DCON
on forVALEN L _
« Useful to have different Stable Stable
approaches available
a5 K 45 -

edge-safety factor - g,
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New Directions;

» Continue to increase speed .
and accuracy at high edge-q -

* New applications in MHD -
physics of ELMs and internal -
transport barriers




island size
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TSC simulation and PEST analysisof a 12 T, 7.7 MA Q=10 FIRE Discharge

* Linear stability
edge

Ballfoon and Mercier stability

analysis of higi3
discharge typically
shows unstable MHD

mode near g=1 surface

Future Directions;

* need to use 3D
nonlinear code and
experimental
calibration to develop
better prediction of
nonlinear saturation of
linearly unstable m=1 .
modes. axls

Surface number

» also, need to extend
simulations to plasma
edge region
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Future Plans:

-DEE | | | | | | | | 1
e include sensor and 12 125 1% 1% 14 145 15 185 1B 1B 17
feedback coils in q-edge

system while keeping

the self-adjoint
roper M.Chance, PoP, 4 (1997) 2161




application and devel opment

20D | development

* Finite difference in toroidal
direction

» scales well on 32-64 processor s
on ORIGIN 2000 with OpenM P

» multi-level physics description
includes particles

_development |

 pseudo-spectral parallel
decomposition in toroidal
direction

* near ideal scaling
demonstrated on 256-512
processorson T3E

* single and two-fluid

* Finite difference in toroidal
» uses MPI and PETSc

» good scaling of dliptic
solvers demonstrated up to
512 processorson T3E

* now undergoing benchmark
exercises with M3D and
NIMROD




External Neoclassical

kink
modes

MHD modes

tearing mode by wave- stabilization  Interchange
(including particle of internal modesin
rotation) resonance MHD modes FRC

with energetic phy jons




VMEC are overlaid

Park, X.Tang
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* led to development of 2D
model now inT SC code

[Jardin, Schmidt, et al, Nucl.
Fusion 39 (2000) 923]




overNIMROD for this
application
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Hybrid Gyrokinetic Hot Particle /MHD Simulation

"Fu and Park,
Phys Rev Lett 74
1594 {1 995}

Nonlinear Saturation of
Alpha driven TAE Modes.

Stream lines

Saturation is found to be due
to wave-pariicle trapping, and
the saturation amplitude agrees
with analytic theory.




Princeton lterative Equilibrium & Stability Code (PIES)

* Unique tool for calculating 3D field
structure:

* does not assume good surfaces,
« free from the inertial time scales

S

» Now being used to calculate surface quality
and beta limits

» Free-boundary capability developed

recently in collaboration with IPRmdt,
Merkel,Monticello, Phys. Plasmas 6 1246 (1999)]

» Simplified bootstrap model now being
implemented

» Recent code improvements have increased
efficiency 2-15 times (problem dependent)

e Futuredirections:

* more complete model planned in
collaboration with the Japanese

. : : Reiman,
 time evolution being looked at

Monticello,
Pomphrey



PIES and parM 3D are being compared for stellarator equilibrium

® magnetic surface quality is
amajor issue for stellarator
designs

* the 2 non-linear codes

PIES andparM 3D each
calculate 3D equilibrium
subject to the same boundary
conditions but by totally
different methods.

* Cross-comparison gives
confidence in results

» new algorithm by Hudson
automatically locates all
islands and quantifies island
size for comparison

Hudson, Dewar Phys. Lett. A 226 (1997) 85



parM3D/NIMROD: CPPG, NYU, MIT / NIMROD group

PEST: CPPG, LANL, GA, CMOD, JET, JT-60




NSTX — double tearing modes, co-axial helicity injection (CHI)

NCSX — ideal linear stability of 3D configurations, 3D
configuration optimization, surface integrity

CPPG — modernization of major MHD codes



benchmark, NCSX,M NTM in stellarators, Current evolution in
surface breakup || tokamaks and STs || NCSX, feedback

3D 4

. A &
Nonlinear e resistiveparM3D | |« 2-fluid parM3D e kinetic parM 3D
benchmark, surfacss NTM, feedback TAE, NTM, sawtooth
\ .

wall tokamaks... TERPSICHORE analysis of NCSX...... 3D configuration

Other — — ; : : . .
activities| FRC kinetic Stability....... disruption analysis, effects, prevention...lithium
optimization ....magnetic reconnection and self-organization.3D SESC...CHI

FY: 2000 2001 2002 2003 2004



e many applications to new and proposed experiments

e strong connections to the community outside PPPL
through collaborations and benchmark activities




