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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.
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We report results and interpretation of recent experiments on DIII-D designed to evaluate
divertor geometries favorable for radiative heat dispersal. Two approaches studied involved
lengthening the parallel connection in the scrape-off layer (SOL), L, and increasing the
radius of outer divertor target, RTaARr, with the goal of reducing target temperature, 7TAR, and
increasing nTAR. Based on 1-D two-point modeling [1]: nTaR * [RTAR]? [ L)1%7 [nsgp]3 and
TtAR « [RTAR]Z [Ly]#7 [nsgpl2, where nsgp is the midplane separatrix density. These
scalings suggest that conditions conducive to a radiative divertor solution can be achieved at
low nsgp by increasing either RTar or L. While our data are consistent with the above L
scalings, the observed scalings on RTaRr displayed a more complex behavior, under certain
conditions deviating from the above scalings. Our analysis indicates that deviations from the
RTAR scaling were due to the presence of convected heat flux, driven by escaping neutrals, in
the more open configurations of the larger RTAR cases.

We examined the configurations in Fig. 1, among others, in H-
mode and L-mode confinement regimes. The collisionalities in the
SOL for these plasmas straddle the conduction and sheath-limited
regimes [1]. The plasmas were characterized by ne/ng = 0.4-0.8, Py
= 4-6 MW, Hggp = 1.2-2.0, and gos = 4-5 in H-mode; ne/ng = 0.2,
Py = 1.5 MW, and g95 = 3.8-4.0 in L-mode. The ion BxVB drift
direction was toward the X-point with no active particle exhaust.

The variation of nTAR and TTAR at the outer strike point (OSP),
as determined from Langmuir probe data, in L-mode, are in
qualitative agreement with the two-point model when “Floor” and '

A

“Shelf Top” regions are considered separately, i.e., nTAR increases
and TTAR decreases as RTAR is increased [Fig. 2(a)]. However, the
data show a clear discontinuity when the outer strike point was
swept over the shelf top. The RTar-exponents for nTar and TTaArR . o
. . Fig. 1. The 3 principal

on the shelf top are =2-3, as expected from two-point modeling, plasma. cross-sections:
while on the floor the RTar-exponents are much higher. In H-mode | pr,p=120m, Ip=
cases, similar to L-mode, nTAR increased and 7TAR decreased as 40 m (black), 2.
RTAR was swept radially outward on the floor [Fig. 2(b)]. While Rrtar = 1.20 m, I, =
there is only one H-mode shot on the shelf top with upstream 32 m (red), and 3.
parameters matching with the floor data, a discontinuity of nTar and §5TAR(b=1 1‘566 m, Ip =
TtaRr across the floor-shelf top boundary is still evident. e

We postulate that this discontinuity is due to less effective neutral trapping when the
outer strike point is on the shelf top. We further postulate that re-ionization of escaping
neutrals upstream can drive a convected heat flux towards the target and that this heat flux
tends to increase divertor temperature and reduce the divertor density. To examine the
validity of this postulate we have conducted SOLPS-Eirene code [2] modeling of actual
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Fig. 2. The variation of electron density nTAR and temperature 7TAR at the outer divertor target as a
function of radial outer strike point location RTAR. (a) L-mode case: I = 0.78 MA, BT = 1.95 T, PN =
1.6 MW, ggs5 = 3.8, constant pedestal density (feedback control). (b) H-mode case: Ip = 0.79 MA, Bt =
1.95T, PN = 4.8 MW, go5 = 4, nggp = 0.8-0.9x10" m™>, Tggp = 75-90 V.

discharges with the existing vessel wall boundaries and a number of cases with modified wall

boundaries.

Preliminary modeling indicates that neutrals play a significant role in the qualitative
picture presented above. SOLPS modeling of nTar and 7TaR are shown in Fig. 3 for two
H-mode discharges with different RTar. Electron diffusivity ye, ion diffusivity yxj, and
particle diffusivity D are determined by fitting to the upstream ne, T¢, and 7j profiles from the
Thomson scattering and charge exchange recombination diagnostics, respectively. Qualita-
tively, nTaArR and TTaRr show the same behavior with RTaoR as observed in the experiment,

with TTar from SOLPS, in fact, approximating the
experimental 7Tar. SOLPS indicates lower nTar and
higher TTaor when the OSP was on the shelf top. SOLPS
modeling of the “floor” plasmas in Fig. 2(b) also showed
the importance of neutrals trapping with strong increases in
nTAR and decreases in TTAR, as the OSP approached the
baffle structure.

Changes in Ljj on nTAR and TTAR were consistent with
the simple two-point model prediction, i.e., assuming nTAR
and TTaRr for a given L yields ntar and TTaRr for a
second value of L case to =10%. The cross-section of the
main plasma and RTar were held fixed (Fig. 1, black &
red curves), while L, was varied between 32 m and 40 m.
Small differences in upstream density at the separatrix
nsgp (<10%) were taken into account. Due largely to
differences in poloidal flux expansion, the between ELM
peak heat flux at the outer divertor target, based on infrared
camera measurements, was greater in the high X-point case
(Ly=40 m) than in the low X-point case ([;=32 m), i.e.,
~1.1 MW/m* vs =0.9 MW/m’. These heat flux results based
on infrared camera measurements fell within =20% of heat
flux determined by Langmuir probes assuming yr=7.

This work was supported in part by the US DOE under
DE-FC02-04ER54698, DE-AC05-000R22725, DE-AC04-
94AL85000, DE-AC52-07NA27344, and DE-FGO02-
07ER54917.
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Fig. 3. (a) nTaAR and (b) TTAR
profiles from SOLPS analysis of
H-mode shots 145878 (RTAR =
1.66 m, solid black) and 146010
(RTAR = 1.20 m, dashed red). Their
respective  peak  experimental
values are included in each box.
Ip=079MA,BT=195T, PIN =
48 MW, qg95 = 4, nggp =
0.9x10" m?, Tsgp = 75 eV.



