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1. INTRODUCTION

Radial transport and confinement properties of ochmically and beam-heated ASDEX dis-
charges are studied using the PPPL transport analysis code TRANSP[1] and measured
radial plasma profiles and global parameters. Results are that the anomalous electron
thermal transport is dominating in low-density ohmic as well as “L” beam-heated ASDEX
plasmas. It leads, however, for these regimes to different scaling laws of the global energy
confinement time [2]. At high-density ohmic and “H” mode beam-heated discharges the
neoclassical jon heat conductivity and convective losses (H mode) are comparable to the
electron losses and tend to dominate the energy balance.

The ion heat conduction y; is described by two times the neoclassical value calculated by
C. Chang and F. Hinton in all discharge phases (OH, L, H, H*). Thereby a x; of three times
Xi,neoet fits the central jon temperature measured by the energy spectrum of CX neutrals
whereas a X; = Xi,neoet yields for the calculated T; profiles the measured neutron fluxes.

Experiments show that the electron temperature profile shape in ohmically and beam-
heated “L” discharges is only influenced by the safety factor ¢*(a)[3]. According to this
concept the elctron thermal diffusivity x.(r) depends directly on the electron thermal con-
ductive loss P,on4,. across the magnetic surface with radius r, which is a certain fraction of
the input power. From the definition x. = —(PdeE/ZIR)/(n.T.f:%I;‘) and from the “profile

consistency” argument £ %= ~ —aZ (where +* may be the g = 2 radius, and « is a fune-

r
tion of ¢*(a)) one obtains x.(r) ~ Peonde(r)/(ne(r)Te(r)r?). The definition of a local x. which
depends on local plasma parameters does not seem to be appropriate. In this paper the x.
values deduced from the transport analysis of OH, L and H mode discharges are used to

show which description is applicable.
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2. PROFILE CONSISTENCY IN OHMIC AND BEAM-HEATED “L MODE" PLASMAS

In nearly steady-state ochmic discharges x. can be described by a local parameter dependence
xe(OH) = xoma ~ (Bia/R)/(nd*T.q) [2]. But in ohmically heated pellet discharges only the x.
values averaged over one pellet cycle agree with ycarg, whereas a description in agreement
with “profile consistency” depicts also the time-resolved . measurements and yields an
explanation for the scaling given by xcumc [4]-

L-mode discharges at g*(az) ~ 2.6 have been studied using H> — D*,D° — H* D° — D*
injection with 14.5-40 keV maximum energy /nucleon yielding about the same normalized T.
profiles (Fig. 1a), despite quite different heat deposition profiles (see Fig. 1b), total heating
powers (P, = Py + Py + Pogr = 1.5 <+ 4.1MW) and densities (. = 4.10'?+11.3-10'°m~?). The
electron heating (F. + Pox) exceeds slightly the ion heating (Pi;) and T; 2 T, is obtained.
Accordingly the central confinement times 73 = W, /(P — Wy) are increasing with off-axis
heating deposition, whereas the global confinement times are about the same. The deduced
xe(r) values given in Fig. 1d can well be described by X ~ Peond,c/(neT.r?) for ry—y < r < 0.8a
for individual discharges, and at a fixed radius of r = 2a/3 the relation (x.n.T:) |2a/3~
Piond,c(2a/3) holds for different discharges too. At that radius Peong, = (0.5 + 0.65) P, holds,
showing the dominance of electron thermal transport in the L mode over the entire density

range.

Despite this good agreement a fit of x. depending on the local plasma parameters Iy, n, and
T, has been tried with the limited data base at present available (not only the discharges
described here). Good agreementlfgbtained with a scaling x.(L) ~ r2/(I"5(r)nd2(r) Tu(r) A:),
whered; is the ion mass. This parameter dependence will be tested using a simulation code
to reproduce the measured temperatures. We are aware of the “explosive” nature of the
‘ 1/T. dependence and that the limited parameter set may give a misleading tendency with
inherent correlations of the chosen local parameters.

3. H-MODE CONFINEMENT BELOW AND AT THE BETA LIMIT

Beam-heated ASDEX discharges with D° — Dt show an H mode confinement of

r5(a) = 0.2I[ MA, 8| independent of the heating power for plasmas with § < 0.94. and f. =
0.028/aB;| MA, m, T|. Reaching the f. limit the energy confinement times decrease with
increasing heating power. This confinement factor of 0.2 s/MA is more than a factor of
2 better than reported from D IIl and PDX discharges. At higher plasma currents (I, >
400kA) or lower g* values (< 3) the confinement factor is decreased (r;(a) < €0ms £ 0.151,)
[6]. Together with H° — D* and H° — H* injection results, a scaling 73 (H) = 0.1]4; is
deduced.

At these high conflnement times and therefore high plasma energies (see Fig. 2a) the con-
vection losses (Peons/Ph = ST'k(T. + T;)/T(E), with the particle flux ' and the medium energy
(E) of the injected neutrals) and the ion conduction losses are comparable to the elctron
conduction losses (see Fig. 2b). These are now only between 0.25((I; = 310k4, ¢*(a) = 4)
and 0.4(f, = 410k4,g"(a) = 2.7) of the total heating power over a large part of the plasma
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cross-section. At the higher plasma current the neoclassical ion heat losses are reduced
(xi ~ 1/I*). The ion heuting by the beams exceedsthe electron heating with D° — D* injec-
tion (Py S 3P,.) and the contribution of the beams to the total § value is about 25%. This
fact results in the difference of the 7} values with and without the beam contribution given
in Fig. 2c. The confinement time 7z includes only the conductive and convective losses and
shows the influence of the radiation and CX losses on 5.

For these H-mode discharges no description compatible with “profile consistency” is avail-
abl*t present. But the local parameter dependence of x.(L) given above fits also the x.(H)
values covering now a parameter range of 0.6 S x.(L, H) S 3.7m?/s,200 S I  350kA,2.8-101° 5
ne $11:10"m™3,300 £ T, S 1100eV,1.3 S 4; S 2. The y, for the discharge near the g limit
described in Fig. 2 is above this scaling derived from discharges below the § limit.

4. CONCLUSIONS

In OH and L mode discharges the concept of “profile consistency” is supported by pellet
injection and strongly varied deposition profiles, respectively. In H-mode discharges no
consistent picture has evolved up to now. But also a dependence of x. on local parameters
seems possible in both L and H mode. D° — D" injection provides high confinement times
with a scaling 73 = 0,1/4;[s, MA] for ¢"(a) > 3 and with strong ion heating. At the g limit
confinement degrades with increasing x. compared with x, below the g limit.
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Tig. 1 Normalized T, , heating power density p,
energy confinement time 7z and y, ra-
dial profiles of L-mode discharges with
q*(a) = 2.6.
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Tig. 2 Radial profiles of T, T; and n,, volume-
integrated power balance, 7j; with and
without beam contribution, rg = Wpi/
(Peona+ Peonv), Xe and y; of H-mode dis-
charge at the J limit (8/f. = 0.95).




