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Neoclassical impurity transport: simple picture W

e neoclassical particle fluxes for species a = e, 2, I
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with the neoclassical transport matrix, D,? (ry B, Eryng, Ty, vy)

e assume 17 = T; and ny K Ne, i.e. n = n, >~ Z;n;

— ambipolar FE, only from I', ~ I;

e standard “ion root” F,
if I‘i(Er = O) > T, — I‘i(ET) = 0:
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Neoclassical impurity transport: simple picture (2) W

e For stationary conditions — Iy~ 0
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e For “pure” collisionality regimes:
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NCSX-2:

no tokamak-like banana regime
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Neoclassical impurity transport: simple picture (3) W

e Tokamak: large Zj, peaked n(r), flat T;(r)

Zr
— Ny x n highly peaked
e large Zj, flat n(r), peaked T;(r)  — ”temperature screening”
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e Stellarator: for flat n(r), peaked T;(r)
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e for ambipolar E, > 0 with n’ ~ T, ~ 0 (positive “ion root”)
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Neoclassical impurity transport with ambipolar E;. W

e calculate ambipolar E, from root-finding or from diffusion eq.

' —I'.=0 — E,

e neoclassical impurity flux with T; ~ T;:
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e rewrite (used by experimentalists)
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e stationary impurity density profile (I'y = 0)
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WT7-AS: neoclassical transport analysis

shot 34609 absorbed power: 830 kW NBI, 330 kW ECRH
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W7-AS:  Al12 density simulation for shot 34609
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WT7-AS: neoclassical transport coeff. in PS-regime with Ej W

W7-AS: t~0.34atr =0.5-a superposition of main b,,,,, contributions

radial transport, D7,
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Neoclassical impurity transport: coupling of E, and P4 W

e high Z impurities (in PS-regime) cannot balance E X B compression
by parallel flow

v( )= yn BX ¥y . B
nryv — n = =
ST B (n1) — (B?)

e impurities in tracer limit: no effect of n; on quasi-neutrality

e assume: 1st order potential, ®; (e.g. PS-like)

(only determined by quasi-neutrality of background plasma)
e impurity fluxes from coupling both E X B drifts:

B X V&) = (n;) ¥ ié?)@l» =0
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= no effect on impurity accumulation

e for “strong” toroidal rotation: ny oc B™®

= effect on impurity fluxes



Neoclassical transport: 1st order potential, ®q W

e assume f = fy + f1 with density variation on flux surfaces
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Neoclassical transport: 1st order potential, ®1 (2) W

e for the particle flux (with Stokes theorem)
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e and for the energy flux
B = By Z bn,m cos(ml — Nno) b, = Z B ¢t (MO—Nng)
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e no particle flux driven by the coupling of V B-drift and potential
variations on the flux surfaces



Neoclassical impurity transport: preliminary conclusions W

e for T, ~ T; with E, < 0: impurity accumulation in Oth order
(density variations on flux-surfaces omitted)

= consistent with experiments (at least at W7-AS)

e no “temperature screening” in stellarator Imfp-regimes

e strong accumulation obtained for improved confinement (strongly
negative FE,)

e no low order effect of 1st order potentials on impurity flux

e question: strongly negative E, must be avoided?

e “electron-root” feature (strongly positive FE,):

= hard to obtain in strongly optimized stellarator configurations

= does stellarator optimisation support impurity accumulation?



