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Introduction

lon flows parallel to the magnetic field in the &wkak scrape-off layer (SOL) are now widely
suspected to be an important player in the prooésmaterial migration, itself known to
influence fuel retention [1]. In addition to thesatlassical (field direction dependent),
Pfirsch-Schliter (P-S) component [2], a secondrdaution receiving increasing attention is a
field direction independent flow, thought to be @sequence of the ballooning nature of
cross-field transport into the SOL. Previous ekxpents on TCV have measured the P-S
component, demonstrating it to be of magnitude direttion expected by simple theory [3].
They have also clearly identified a possible “trors driven flow offset”, showing it to be of
magnitude consistent with radial particle transpoitihe outboard SOL driven by convective
interchange motions [3,4]. Nevertheless, given tm@sen TCV magnetic equilibrium
geometry and the measurement locatietow the outboard midplane of the discharge (see
Fig. 1a), it was not possible in this earlier studyexclude a particle sink effect of the outer
divertor target driving a parallel flow extendingo the main SOL and of similar magnitude
to that expected as a consequence of perpendicatesport. In new experiments, described
here, the shape flexibility of TCV has been usedeliminate this contribution and to
demonstrate the poloidally localized nature of tballooning component. Further
confirmation of the P-S flow component is also pded by these new measurements.
Experiment

The magnetic equilibria employed in the presentysaré shown in Fig.1b,c. All plasmas are
ohmic L-mode with J = 260 kA, R = 0.89 m, a ~0.24 cdws ~ 0.3,Kg5 ~1.5-1.6. In each case,
experiments are performed with both forward (FWDi@) BX[OB drift downwards) and
reversed (REV-B) toroidal field ' R,
(IBy] = 1.43 T). In all cases, lis ;
reversed with B to preserve
magnetic helicity. Apart from field
direction and shape, the onl i
variable parameter is plasm: & |
density, with discharge pairs i : |
FWD and REV-B as closely
matched as possible. Parallel flo o Qo
profiles are measured with a 5_piriﬁig. 1: Magnetic equilibria and reciprocating probe headsed

. ) for SOL flow studies. As indicated by the horiabaiashed line
fast reciprocating Mach probe (s&fe probe enters the plasma always on the machidglane.




34th EPS 2007; R.A.Pitts et al. : Neoclassical and transport driven parallel SOL flows on TCV 20f4

0.6 : : _ ] 015
Ny a) - FWD-B L i T i, (10°m3) :
7 e S DV ILIE S G
g 0 % 6.0 i(z_i"*- % 0.1}
0.2 : z 4900VA &
= 2 45 Hx =
= o = S 2 s
B = 4 (L)1 kK =
_02l ™ ‘. I ﬁ 3.0 OVA -
2 c
-0.4| w i [&8 2.5 D<rx © 0
| REV.B w o | 8 <
- L L WL
06— 10 s -0.05
F-Tsep (mm)

Fig. 2: a) Density scan of the parallel SOL flow radial fil® in SNL for FWD and REV-B. The highest
density is just below the density limit for thisigiprium and plasma current. b) Average profile BVD-B
and REV-B flows for each density.

photos in Fig. 1), entering the SOL plasma on tlaehme midplane. For the SNL discharge
in Fig. 1b, this means that only a very thin radiade of SOL plasma is sampled (~ 2 cm, see
Fig. 2). In the case of the SNU configuration, fexpansion provides a wider SOL region. A
dedicated probe head is required for each of tleeemuilibria to match the poloidal shape of
magnetic surfaces. The central electrodes locatethe bar separating the Mach pins are
used both for turbulence measurements and to prakieadial profiles of local &J ne and
plasma potentialg, ~ Vi + 3T, required for interpretation of the parallel flawkhe Mach
number, M = vj/cs, of the latter, is estimated in the usual way fritr@ logarithmic ratio of
ion saturation currents to the upstream and doeastrpins. Ref. [3] provides more detail on
the probe head and the methodology of these floasorements.
Results
Fig. 2a compiles the flow profiles (mapped onto theside midplane and given in distance
from the separatrix) for the SNL configuration fosth toroidal field directions and a 6-point
density scan. The latter is performed dischargdisoharge, with two probe reciprocations
made in the stationary phase of each pulse, pryitivo separate profiles at any given
density. The vertical dashed lines indicate theéatddcation of the first intersection point of a
flux surface in the SOL with the outside wall aé tmidplane. Small differences in plasma
position mean that this location changes slightlydach discharge. The grey shaded zones
delimit the radial extent of the SOL region whiabnoects fully from inner to outer target,
whilst the yellow band corresponds to the narrowgea of SOL width over which the
experimental flows are compared with the theoryiexpected P-S flow (see Fig. 4). In all
figures, negative flows are directddwnwards positive flowsupwards

The flow profiles in Fig. 2a display all but onétbe features already reported in [3]
for measurements made in the SNL configuration igi1a (namely ~23 cm below the
midplane). The flow decreases with increasing dgrasid increasing distance in the SOL, is
directed towards the inner divertor for FWD-B, todsthe outer target for REV-B and is
thus always co-current. These directions are stersi with those seen in other tokamaks for



34th EPS 2007; R.A.Pitts et al. : Neoclassical and transport driven parallel SOL flows on TCV 3o0f4

0.6
|1 m®) @
0.4 g > 0.1
255 x0+% L
0.2 @ x
= E = 0% D
=0 2 T z
z = B 3
it m | T o
02 g % _01 | ‘i.' g
-0.4 2 o : i
-06L 1L "% | ~0.2L : :
0 10 20 30l 0 10 20 30
M- Tsep (mm) M- Tsep (mm)

Fig. 3: a) Density scan of the parallel SOL flow radial fil®in SNU for FWD and REV-B. b) Average
profile of FWD-B and REV-B flows for each density.

measurements in similar poloidal locations andgigen field direction. Crucially, the flows
reflect almost symmetrically about zero for all déas, as shown in Fig.2b, which compiles
the radial profiles of the average FWD and REV-8M$. For all densities and throughout
the SOL, M, (mean) < 0.05. Within the error bars of the measent (not shown), this is
essentially equivalent to a zero field independiemt component, as would be expected if the
outboard midplane corresponded to a maximum ipénpendicular particle transport.

In [3], measurements below the midplane in theldgiuim of Fig.1a, revealed a field
independent flow offset of magnitude ™ 0.05 — 0.1 directed towards the outer diverdsr,
expected if outboard transport in the midplane niigi produced a local “over-pressure”
above the probe location leading to parallel flemeration directed away from the midplane
to both inner and outer divertors. The magnitudéhf flow has been shown to be perfectly
consistent with cross-field transport driven byenechange motions [3,4]. However, the open
divertor geometry in TCV means that flow generatiowards the target due to the target sink
itself in configurations such as that in Fig.1la a#nbe excluded as a cause of the field
independent offset. Such flow of the right magnitudeaccount for the experiment is
observed in SOLPS5 simulations without drifts [3[he new SNL measurements in Fig. 2
tend to indicate that such target sink flows ardaict absent (but drift simulations, now
underway, are required as confirmation). Proof that is indeed the case is offered by the
results in Fig. 3a, which illustrates the resufta density and field direction scan for the SNU
equilibrium of Fig. 1c. In this case, the probeipeacates into the SOlabovethe outer
midplane of the discharge (relative to the X-posmy would therefore not expect to feel the
presence of the outer divertor target sink. Thiel fiedependent component, shown in Fig. 3b,
nevertheless clearly shows a tendency throughost ofdhe SOL for a net flow downwards,
now in the direction from outer to inner divertorhis is again consistent with a parallel flow
pressure drive due to ballooning type radial transand will not be influenced by the inner
divertor sink since the target is much too far awAgain, SOLPS5 simulations of these
plasmas, including drifts, are required to locdie flow stagnation points in the various
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geometries. The field dependent flow component&ig 3a behave in similar fashion to
those of Fig. 2a with regard to density and fieleéction dependence, but exhibit differences
in radial profile. The “hump” seen in the profilasr — g, ~ 5 mm is reminiscent of those
reported from C-Mod for a similar probe locatior, [but not thus far seen in TCV for SNL
configurations.

Neoclassical flows: experiment versustheory

Turning to the field dependent flow, which Figsa@d 3 demonstrate to be the dominant
component for all but the highest densities, aightéorward comparison can be made
between experiment and the theoretically expeaadeoclassical P-S flow. An expression

for the latter derived in the Appendix of [2] re@sdo:
ps _ 20COSH _Up | B ;
M= [E' en, ) B? 0.5

for large aspect ratio, cylindrical geometry. Here :
is the cylindrical safety factof) the poloidal angle c’ﬂ? 0
of the probe location8(= O defined for a probe atg'—; '
the midplane), Ethe radial electric field and; the =
ion pressure. Assuming; E T and extracting E
from [ ,, the predicted and measured flows a
shown in Fig. 4 for all SNL and SNU data in Figs A . - -
2a and 3a. To improve the quality of gradient®ditt 0% _U'ZSM (gxpt.)o'zs o
through noisy experimental data and to account,{pd 4 Comparison” of experimental a

the fact that full radial profiles are not avaikal§or gﬁipgfgmg§?0|635ica| flows for the SNU
each density, a 6 mm slice of the SOL over the

range 6 (r — kep < 12 mm (marked by the yellow bands in Figs. 2a, 8 been used to
estimate the theoretical neoclassical flow. Thé&lfiadependent offset has been subtracted
from the SNL data. Though there are some notablgatiens, in general experiment and
theory agree remarkably well, particularly when makiaccount of the simplifying
assumptions invoked in the derivation of the thecaeexpression. In common with the SNL
equilibria in Fig.1a for which the flows are repatin [3], it would thus appear that in steady-
state, in the midplane vicinity, Pfirsch-Schlltarallel flows compensating classicatEand

diamagnetic drifts can account fully for the measiuoroidal field dependent flow on TCV.
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