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This contribution investigates drift effects on the scrape-off-layer transport of particles and heat
in the TCV tokamak using experiments with both toroidal magnetic field B; directions and
the SOLPS-ITER code [1]. The drift model in the code is tested through stringent comparison
with TCV measurements, employing several edge diagnostics that include Bolometry (BOLO),
Infrared Thermography (IR), Thomson scattering (TS), Divertor Spectroscopy System (DSS),
Langmuir Probes (LP). Although a satisfactory qualitative agreement for multiple diagnostics is

seen, several quantitative mismatches remain, whose explanation requires further investigation.

Simulation setup and comparison strategy
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Figure 1: Reference discharge mag-

with the fast reciprocating probe (RCP), for a reference .. geometry and main diagnostics a),
density case. The gas puff rate I',sr is varied from 5 to simulation grid b).

15-10%°D, /s for a comparison with TCV data at multiple times during the density ramp. The
power crossing the separatrix Py, ~ 200kW is kept constant, as an increase of the Ohmic power
with density is compensated by higher core radiation.

A comparison of simulation with experiment requires an ordering parameter to link simulation
and experimental time intervals. The separatrix density at the outboard midplane is not suitable

as the RCP measurements are too sparse in time. The separatrix density at the divertor entrance
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interferometer, is chosen as ordering parameter, following Figure 2: Separatrix density at lower
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the approach in [2]. For each simulation, a value of (n,), TS-separatrix intersection ngj,, as a

function of the line-averaged density
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is assigned, based on the fitted relation niisve_; ~ 0.3(ne),

(Fig.2). The analysis is, therefore, restricted to time inter-

vals where the linearity between nZ’YVe;; and (n,), is obtained.
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a non-monotonic n, radial profile in re- , .
Figure 3: TS electron density n, / temperature 7, in forward

versed field, which is not observed ex- (a,b) and reversed (c.d) field. (), = 5.1-10'9m3

perimentally (Fig.3c). In addition, simu-

lations generally overestimate the separatrix temperature 7, s, (Fig.3b,d).

SOL radiation and carbon emission

Bolometers are used to reconstruct the 2D spatial distribution of the radiation emissivity. The ra-
diated power in the SOL P;ZZL is then estimated using the magnetic equilibrium reconstruction.
In forward field, the experimental power radiated in the SOL increases with (n.), and satu-
rates (Fig.4a), albeit at different values of density. In reversed field, an indication of saturation
is present at higher (n,); than for forward field (Fig.4b). The simulated PrSaZL saturates around
(ne), ~7-10m3. A decrease in upstream and divertor temperatures with (n,), is among the
effects that may be responsible for this radiated power saturation (Fig.4).

The development of a synthetic DSS [2] allows for a direct comparison with DSS line-integrated
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measurements. To ex-
amine the carbon con-
tent and test the sim-
ulated carbon source,
the CII 426.8 nm and
CIII 465.0 nm spec-
tral lines are com-
pared. In contrast with
BOLO results, the car-
bon line emissions
from the synthetic DSS
exceed the measure-

ments by a factor of
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Figure 4: BOLO radiated power in the SOL PrSaZL in forward a) and reversed d) field.
CII 426.8 nm /CIII 465.0 nm line brightness in forward (b,c) and reversed field (e,f)
from DSS. Chord 1 intercepts the floor at R~ 1m; chord 30 intercepts the X-point and

inner target. (n.); =5.1-10"m=3.

2-5, with the greater discrepancy between simulation and experiment in forward field, for both

C lines (Fig.4b,c). The comparison with BOLO and DSS systems suggests that simulations

overestimate the carbon content or that there are more favorable conditions for C radiation in

the divertor, despite the good agreement in the total radiated power.

Target profiles

The target plasma parameters are inferred from Langmuir probes (target currents, electron den-

sity and temperature) and Infrared thermography (heat flux). Target current measurements with

wall-mounted Langmuir probes biased to machine potential, show that the TCV divertor is

dominated by Pfirsch-Schliiter flows [3]. Drift simulations reproduce the salient features of the

observed profiles (Fig.5). The simulations
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gets and for both B, directions by a factor 3- % E ’ B g ? -
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profile exhibits a double peak (Fig.6a), which T e ¢ 0 2
was found in previous drift simulations and ] o) [d) o
experiments [4]. At the outer target, the simu- % “;) g ’

lated n, profile is radially shifted towards the g -

Private Flux Region in the forward field case R

and towards the Common Flux Region in the

reversed field case (Fig.6b). While a double-

Figure 5: LP parallel target current in forward (a,b) and
reversed (c,d) field. (n.); = 6.2-109m=3.

peaked profile at the inner target is not seen
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experimentally, the n, radial shift at the outer
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electron temperature is, conversely, underes-

timated at both targets. While LP measure-

ments are prone to underestimate the den-
sity and overestimate the temperature at low Figure 6: LP electron density at the inner a) and outer b)
T, [5], the DSS measurements are consistent target in forward (red) and reversed field (blue). (n,); =
with LPs, in support of the simulations pre- 5.1-10"m™>

dicting a colder and denser divertor. The heat

flux obtained from the IR diagnostics exhibits an in-out asymmetry that is in qualitative agree-

ment with simulations. This asymmetry is stronger in reverse field, as previously observed [6].

Nonetheless, simulations are generally seen to overestimate the target heat flux.

Conclusions

SOLPS-ITER drift simulations qualitatively reproduce the distribution of divertor heat loads
and power fluxes with B; reversal. The simulated divertor state is, however, colder and denser
than in the experiment (LP), resulting in over high carbon radiative emission (DSS), although
the total radiation in the SOL is well matched (BOLO). The quantitative discrepancies may
indicate an over-estimated ExB drift, which results in stronger in-out asymmetries than experi-
ments. A possible shortcoming of simulations, related to the drift stength, can be in the role of
recombination and plasma-neutral interaction, affecting the particle source profile. Future work

will extend the comparison to more diagnostics (MANTIS, CXRS, baratrons).
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