MAR-Z2-2868  14: 12 PPFL — THEORY DEPARTMENT 6EA3 243 2662 P.@1-17

Transport Status

H.E. Mynick, PPPL
NCSX Project Meeting, 3/23-24/00

~ .Issues
-‘"Tools
-Current Status, Plan



MAR-Z2-280E8  14: 12 PPFL — THEORY DEPARTMENT 6EA3 243 2662 P.@2-17

Issues:

(1) Insensitivity of 7g’s from GTC to ripple level:

The standard transport assessments with GTC have
produced results with only small differences in 7g for
large variations in quasiaxisymmetry measure xg4(s) =
> m.ns0 Bown/ By, counter to simple expectations from
standard 3D neoclassical transport theory.

(2) Impact of issue-1 on configuration:

Since x5 4 is an integral part of the optimizer’s objec-
‘tive function, Allan R has pointed out that this has
important implications for the NCSX design: If the
GTC results are to be believed, transport considera-
tions alone might lead us to configurations (such as
PG2) with far greater ripple ¢ than up to now.

(3) Other constraints on 4:

However, thermal confinement is not the only issue
which provides a constraint on 6. Energetic confine-
ment, and a toroidal rotational damping rate v small
enough to permit study of tokamak-like enhanced-
confinement regimes, also set limits on 9.
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(4) Credible determination of v, and E,q:

ve is closely related to the equilibration rate ve for
the ambipolar potential ®(r), or equivalently for the
radial electric field F,. Especially for s = ¢, the am-
bipolar value E,q of E, strongly affects issue-1. Deter-
mining v, and E, requires being able to compute the
non-ambipolar radial current J.(E,), which requires
the non-axisymmetric parts I'™*(E,) of the particle
Auxes T'.

(5) Credible determination of I'?*(F,).
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oTools:

-Analytic theory

-Codes extending analytic theory
(e.g., Nemov code ‘NEQ’)

-Codes solving the kinetic equation
(e.g., MC codes, DKES)

-Different ones of these have different virtues, e.g.,
speed, ability to compute Maxwellian-avged results,
closeness to analytic theory, diagnostics for physical
insight, non-statistical answers.
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olssue-1: Insensitivity of 7z’s to ripple level
in standard GTC assessments:
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oOlder eval’ns using GC3 showed expected sensitiv-
ity to ripple. Difference: GC3 eval’'ns took ¢
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e;al. /T, = 0, GTC’'s use ¢ ~ 1 (¢ = 1 in ¢
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oFrom these GTC numbers, sketch D = a?/(471g) ver-
sus ¢, using c41 as a proxy for the equivalent tokamak:

0.4 0.2 O.-_} ¢

oCompare with comparable GC3 results (but monoen-
ergetic, D computed directly):
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o D(DKES) shows a similar lack of sensitiv-
ity to o for ¢ ~ 1: [Foom 1P T
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o 0-dependence of D(GTC) weaker than an-
alytic expectation:
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oTheory says D_; ~ §%/2, D%, ~ §1/2/¢2 Db ~ §2 /2.
=-Theory can serve as a useful guide for expectations,
but often not quantitatively valid for NCSX configu-
rations.

oDeficiencies of theory:

-Diffusion only. Neglects direct (nonstochastic) loss.
-Assumes idealized B(x), and clean separation of trans-
port mechanisms. Results in v-less orbits with simple
symmetry, unbroken by v-less detrapping.
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o Recent GTC results [F.Dahlgren|: Arti-
ficially sweep ¢82 ripple strength, for more
apples-to-apples comparison:

o Shows much stronger d-dependence.
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o Electrons a better gauge of transport sen-
sitivity to o:

oWhether dominated by diffusive or direct—loss, I';
must adjust itself (via E,) to equal I',. |
oElectrons in 1/v regime =T, =~ (d.6%2)(Fy — &)
much less sensitive to E, than I';.

oElectrons better satisty assumptions of analytic the-
ory: diffusive transport, more collisional, pp >~ 0.

oFor the 1/v regime, NEO removes one of the re-
maining deficiencies of analytic theory (viz., the com-
plicated distribution of the ripple over a flux surface),
hence provides a refinement of our current xg, for
use in the optimizer.

oNEO does not account properly for banana—drift trans-
port, nor of effects of collisionless detrapping and lack
of clean separation of transport mechanisms at the
low ripple levels (ngo/e ~ 1) QA devices have.

oBenchmarking of GTC against NEO for electrons
needed, to

(a)establish that it DOES connect to theory when
theory should hold (larger—4, possibly simplified B,,,
spectrum),

(b)find at what ¢ the 1/v theory deviates from nu-
merical results. [F. Dahlgren, M. Redi?].
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oDeficiencies of theory:

-Diffusion only. Neglects direct (nonstochastic) loss.
-Assumes highly idealized B(x), and clean separation
of transport mechanismes.

= Can serve as a useful guide for expectations, but of-
ten not quantitatively valid for NCSX configurations.
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oAnalytic theory: Ambipolarity:
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oAssessing the tradeofl between reducing )™
by ripple reduction, vs @*¥™ by ¢ enhance-

ment. Short—term method:

oHave Q™ =z Q" (E,) ~ QU > Q3™

f

[%(E,) = T

=Compute Q)¢ >~ Q77

Qi (Ey) I'ge
T (Ey) @Qra’
b o Mo, e’

theory  theory

=Q7"(Er) = Q¢*

Compute @:¥™

=Qi(Er) = Q" + Q7 (E,).
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o Issues-3-5: Credible calculation of v, Ey.g, T™ :

oTo compute these, need the radial current from the
nonambipolar fluxes J, = > e,y =3, e, I'7?

oPrevious direct attempts to compute J, with  f codes
using the full I'y unsuccessful for QA configurations,
because I'7?* ~ T3¥™"F for these, and since [V >
['3¥™  obtaining I';"™ = I'¥™ numerically requires
very good statistics, long run times and/or loading
close to the value of the equilibrated distribution func-
tion. |

oFluid-equation formulations [e.g., Boozer (76), Shaing
(86), Coronado & Wobig (87), Coronado & Talmadge

(93), Kovrizhnykh (99)] of nonsymmetric transport

theory provide prescriptions for I'™® and equilibration

rates from taking 2 components in a flux surface of

the momentum equation. Thus,

(VV - §,E) = —4x(VV - J),

(VV - J) =3, e,(T™ + TP + "), with

I = (c/esx'y') (B -V -m.), w = (p —p.)(bb—1/3)
[2l = (c/esx'V/) (B - Bou),

I'e? = (c/esx'¥') (B¢ - Ry).
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oEvaluating ['** analytically is difficult, especially in
low-v regimes. Recently, Williams and Boozer have
evaluated this for simple model stellarator fields using
a d f code, and used this to find v¢, the F, satistying
ambipolarity, and the fluxes there.

=Plan: Implement this method into GTC, for larger-
scale runs needed for realistic QA configurations.

[Lewandowski, Lin, Mynick, Williams|
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o Summary:

oQur numerical tools show consistent trends for 7z;.
DKES does not include direct loss while GTC, GC3,
ORBIT, DELTA do, making their ¢ = 0 scalings fur-
ther from analytic theory, but more realistic.

oThe difference in §-scaling between theory and GTC
asessments is only partly understood, but not very
surprising: a number of assumptions of analytic the-
ory are violated by QA configurations.

oThis disparity for ions is also not as critical as might
be supposed, because E, will bring the ion fluxes
down to the level of the electron fluxes, which are
insensitive to E,., and whose transport should be eas-
ler to compute.

oTheoretical assumptions best satisfied for electrons,
in the 1/v regime. Since I'?® ig insensitive to ¢, one
may expect the electron and ion nonsymmetric fluxes
to roughly display the 1/v dependence I'™* o §%/2,
not far from the present figure of merit XQQ 4 used ‘til
now in the optimizer. NEO would impart a similar,
but better, figure of merit. Further benchmarking of
GTC against NEO needed to verity agreement of MC
results with theory when theory should hold.
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oThe method of Williams and Boozer for computing
'™ alone, isolated from I'*¥™ offers a promising way
to compute credible values of ve and E,q, and through
it, 7g;. An effort to do this has been initiated, with
participation from Lewandowski, Lin, Mynick, and
Williams.
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