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RADIAL PRESSURE GRADIENT

+ Taking into account Ohm'’s Law to relate r to press grad and rotation, the
momentum balance equations require a balance between the radial
pressure gradient and the radial VxB forces. Making the approximation
that the radial pressure gradient scale lengths are approximately the same
for impurity (k) and main (j) ions leads to
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+ The pressure gradient is caused by the VxB forces, but s limited by MHD
peeling-ballooning modes, as has been worked out in great detail for the
EPED code.
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Interpretation of Xrand D, in DII-D, Taking into Account IOL and Pinch Veloity
Jonathan Roveto, Weston . Stacey
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SENSITIVITY OF INFERRED THERMAL CHI TO
DEFINITION OF CONDUCTIVE HEAT FLUX
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lon—Impurity Braginskii Fluid Rotation Calculation in Axisymmetric Miller Flux Surface Geometry
R.W.King and W. M. Stacey

Rotationin plasmas i impertantfor confinement, stabilty,
VB Torce for ransport and presure gradient, et

The leading order neoclassical toroidalviscosity in
axisymmetric tokamaks s the Braginski gyroviscosity, which
epends on poloidal asymmeties 11 censty,rotation, tc.

The Braginskiiformulae for neoclassicalviscosity tensors has
revioULly been extended (0 oro1dal geometry nd adapted
0 arbitrary collisionay.

We seek to evaluate how well neoclassical gyroviscosity can
account for toroidal otation n tokemaks by properly
Galculatingthe poloidal ssymmetries nesdd to evaluate .

Under a flux surface average, the paraleliscosity vanishes
for the oroldal uiscosity componant leavingony the small
perpendicular and the larger gyToviscous contributions:
(0ot =~ (g (@hony (5))) = i
Previous calculations based on this theory but usin
approtmate reatmentsof poloidal ssymmetiescbtained

CEntral toroidairotation within an order of magn tude of
Sxperiment Leinga circuiar” model

Refinement o the poloidal asymmetry calculation usingan
eitended Wil foxsurfce modelieded improved
SEreement In the centra reglon of Bil-D.
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Fgeometry using 8 10° order Fourier series sxpansion
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expansionor the radialcie:
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Computational Implementation of a Particle-Momentum-Energy
Conserving Fluid Transport Theary for Tokamak Plasmas
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Develop a predictive and interpretive fluid plasma transport code that conserves
particles, momentum and energy (numerical iteration strategies?) v
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Alpha Heating & Burn Control
Strong T-dep of (00},.; can lead to positive thermal power excursion?

Favorable predictions of global thermal stability for ITER (from POPCON
and conf. loss scalings) are based on questionable implicit assumptions:
+ Fitted confinement times for steady-state shots represent burn dynamics?
+ Edge radiation loss mechanisms respond immediately to core power excursion?
+ Fitted TauE for steacly state discharges characterizes dynamic ituation?
+ Fusion alpha heating i deposited at the fusion location?
Alpha heating of core electrons produces Electron Cyclotron Radiation
(ECR) which is reflected from wall and absorbed in edge plasma, creating a
negative feedback mechanism in ITER; ECR partially offsets (av)r,s(T) as
power is radiated by alpha-heated electrons before they can heat ions.
Must model the spatial distribution and time constants of alpha heating
and energy loss mechanisms—nodal dynamics model.
ECR energy transport within plasma will change temp profile and effect
burn condition. More research is needed on ECR wall reflectivity.

Impurity radiation in relevant temperature range unlikely to passively
offset temp excursion, but can be part of an active burn control strategy.

fon Orbit Loss is mainly in edge; will be enhanced by ECR energy transfer.
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CONCLUSIONS

1. lons are transported out to rho=0.9 and then are kinetically ion orbit loss across the
separatrix over 0.9<rho<1.0 (perhaps producing the edge pedestal structure?).

2. Combining the radial momentum and continuity equations results in a pinch-
diffusion equation in which i) the diffusion equations are coupled among density
and temperature and among ion species, and ii) a “pinch” velocity contains the long-
range EM and neutral beam momentum input forces.

The mostly EM/NB pinch velocity in the edge pedestal changes from weakdy inward
inL-mode to strongly inward in H-mode, consistent with confinement improvement.

4. Taking note of Ohm's law, the radial pressure gradient is determined by VB forces.

5. Taking into account non-diffusive transport mechanisms strongly affocts the
interprotation of ditfusive transport coefficients from experimental data.

6. Neoclassical axisymmetric gyroviscosity predicts V., to within a factor of 2 when

poloidal asymmetries are properly represented.

A 1D FSA transport code that includes the above phenomena, and thus conserves

particles and momentum, is being developed.

8. Fusion alpha heating of electrons produces ECR, which rapidly transports enorgy
from core to edge plasma and wall, changing the fusion heating distribution and
plasma dynamics. ITER power distribution and burn control calculations must
include this space-time dynamics.
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TOWARDS PLASMA TRANSPORT CODES
THAT CONSERVE PARTICLES, MOMENTUM & ENERGY

W. M. STACEY, M. W, HILL, N.A. PIPER,
R.W. KING, J.J. ROVETTO, E. W, DeSHAZER
Georgia Tech Fusion Research Center, Atlanta, GA, 30332, USA

“This presentation describes several transport methods that are being developed at Georgia Tech
for the purpose of developing plasma transport codes that conserve particles, momentum and energy.

EU-USA Transport Task Force Meeting, Austin, TX, March 18-21, 2018
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ToPICS.

fon Orbit Loss of particles, momentum and energy.
Particle Pinch & Pinch-Diffusion theory.

Examination of the change in particle pinch, intrinsic
rotationand electricfield at the L-H transition.

. Radial pressure gradient rolated to VxB forces.

. Taking non-diffusive transport effects into account in
interproting diffusive transport coefficients.

Solution of the 20 ion-impurity rotation equations in
axisymmetrictokomak geometry using neoclassical
gyroviscosity.

. Afuture 1D Transport code that conserves particles,
energyand momentum by incorporating ion orbit
Tossand long-range electromagnetic pinch forces;
includes the GTNEUT 2D neutrals code.

. An examination of alpha heating and burn control
mechanisms for thermonuciear excursions.
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ION ORBIT LOSS

AS THERMALIZED, BANANA-ORBITING PLASMA IONS FLOW OUTWARD, AT SOME RADIUS
THEIR ENERGY IS SUCH THAT THEY CAN ACCESS AN ORBIT WHICH CARRIES THEM ACROSS
THE SEPARATRIX, AT WHICH POINT THEY ARE LOST FROM THE DISTRIBUTION OF
OUTFLOWING PLASMA IONS. THE MINIMUM ENERGY (SPEED Vo) AT WHICH AN
OUTFLOWING ION ON AN INNER FLUX SURFACE (0) CAN REACH THE SEPARATRIX (s) AND
BE ION ORBIT LOST MAY BE DETERMINED BY COMBINING THE EQS. FOR CONSERVATION
OF ENERGY, MAGNETIC MOMENT AND CANONICAL ANGULAR MOMENTUM.
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CUMULATIVE lon orbit loss. Similar expressions for momentum M & energy E loss fractions.
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PINCH-DIFFUSION THEORY

* MOMENTUM AND PARTICLE CONSERVATION REQUIRES THAT PARTICLE
DIFFUSION THEORY INCLUDE: 1) A PINCH TERM ACCOUNTING FOR LONG-
RANGE, MOSTLY ELECTROMAGNETIC FORCES, 2) DIFFUSIVE COUPLING
AMONG ION SPECIES, 3) ION ORBIT LOSS(NOT SHOWN) AND 4)
TEMPERATURE GRADIENTS.
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Change in Intrinsic Rotation and Particle Pinch, Across the L-H Transition in DIII-D
Nicholas Poer Weston Stacey.
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