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Introduction. Most single-null divertor tokamak experiments show strong in-out
asymmetries in particle and heat fluxes connected to asymemetri divertor density,
temperature and radiation. As shown in many divertor tokamaks [1-4] eandtlseon JET
[5,6], the imbalances strongly depend on the direction of the toroidal tafiele (Br) and
are thus most probably a result of particle cross-field driftpeEmentally observed outer-
inner divertor power asymmetry /P could not be explained by the asymmetry in the
tomographically resolved divertor radiation alone [6]. Unequal powernghaetween the
two targets is most likely caused by the larger outboard area, edhradcd transport on low
field side (which is independent of tBe OB -direction), and classical drift effects which
reverse with th8 x (0B -direction. This contribution presents analysis of experimentaltsesul
using the EDGE2D/NIMBUS code.
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(all charge states), while neutrals a Distance from separatrix (m)
followed with the Monte-Carlo module Fig.1. Edge density profiles from EDGE2D
NIMBUS. The code includes classici comPared with various diagnostics.

drifts (ExB, curvature, etc.), relevant atomic and molecular physics (ionisati@rges:
exchange, recombination, etc.), impurity radiation from each chaatge anhd both physical
and chemical sputtering of the divertor target plates.

Poloidally and radially uniform transport coefficients are chosen-a®.Bnf/s andy =1nf/s
for particle and energy respectively. Simulations with theseficeeits (for both field
directions) are in good agreement with the measured radial defsgéy Fig.1) and
temperature profiles. Both physical [7] and chemical sputteringf[8arbon were enabled in

"See the Appendix of J. Pamela et al., Proc. IAEAidtuEnergy Conference 2004 (Vilamoura, 2004)
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the simulation. The plasm¢
density was raised steadil In A/EDGEZD
to the density limit by gas
fuelling into the inner leg of
the divertor at constan
input power (Rea).

Fig.2 presents the
simulated and experimente
dependences of the divertc 1.0
power asymmetry on the 00 10 20 30 40 50 6.0
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(Pso)). In the experiment, yersys |, for forward and reversed field directio
the NBI power was

increased from 2MW to 8MW in two matched L-mode discharges witkafor and reversed
magnetic field configurations. The target power was measured waimgjent analysis of the
thermocouple (TC) time traces. EDGE2D modelling shows that thenegey effects (the
larger outboard area alone)
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(poloidal) drifts are indeed F19-3: Experimental and simulated absolute target power versus

. central averaged density for the forward field configura
responsible for the observeu

variation in R°“®/P;""" Analysis with EDGE2D/NIMBUS indicates that such a power
asymmetry may be the result of drifts suchEad8 and Bx[IT (poloidal components), the
relative contribution of which scales @g/ A, , where p, is the ion poloidal gyro-radius and

A is the characteristic length for temperature. The effeconfliB (and centripetal) drifts

was found to be negligible in this simulation.

Comparison of the results of simulations with experimental valuesofe, density limit
experiment,Br=2.4T, I,=1.7MA and an additional NBl-power of 2.5MW) for the absolute
value of target power has also been performed and the resultsnangagsed in Fig.3.
Because the code does not include heating of the divertor via nadiioon tied, this heating
term was subtracted from the target power measured by anedhfammera (R). The
bolometer system provides complete plasma coverage and was uséoimtmraphic
reconstruction of the distribution of total radiation and correspondinglyevatuation of
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tigations are required. Fig. 4. The effect of different drift terms on the electron density
The effect of different Profiles ininner and outer divert
drift terms on the electron density profiles in inner and outer divedn be seen in Fig4.
Simulation without drifts gives similar maximum densities in bdikiertor legs. The
inclusion of all drifts into the simulation leads to a strong asgtmmin divertor density:
higher density in inner and lowe, in outer divertor. As can be seen in Fig.4, the
asymmetry can be explained by the effect of a ratd drift and of the poloidal drift in the
private flux region (the particle flow points from outer to inner divein the Bx[OB | case,
and this flow direction reverses in reversed field configuration)e@gain, the effect of ion
0B (and centripetal) drifts was negligible. The inner and outer deasdytemperature have
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of Fig.5. Comparison of simulated and mesurgeemissions profiles

At a density for two different filed directions and two different electron den-.

n, = 2.55x10°m™
both legs are attached. Whereas at higher density 6f3.3x10°m™ the outer leg is still

attached, the inner divertor has reached the detachment phase. EDGHIBiaNS
successfully reproduce the,Bemission profile under attached conditions for both field
configuration. On the other hand it shows underestimated valug, digiX in the inner
divertor leg during the detachment phase. Additionally, EDGE2D siraokatsuccessfully
describe Clll-emission profiles, both for discharges with forwadiraversed field directions
(not shown in the figure).
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Although EDGE2D successfully reproduces the anticipated paralledsyree drop
accompanying divertor detachment, it strongly underestinbteslivertor [ light, and can
not reproduce the gradual plasma flux reduction (roll-over behaviour) obseirveer
detached conditions [10]. Fig.6 on the right shows the calculated outamrerddivertor ion
flux. The values in Fig.6 indicate the/Hy ratios for both divertor legs. This ratio remains
constant in the outer divertor during the whole density limit disch&ingelation; it increases
continuously from 0.025 to 0.042 in the inner leg, indicating the presence ooifg str
recombination there. On the left side of Fig.6 the calculated satuiarrent profiles have
been compared with the experiment. Once again, the strong deviati@ebetwdeling and
experiment has
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tachment are Fig.6. Comparison of simulated and measured Js-profiles (left) and calculated
required outer and inner ion flux (right) for a "density limit" L-mode discharge.

Conclusion EDGE2D calculations with drifts successfully describe out-igetaheat power
asymmetry, both for discharges with forward and reversed fieldtidins. Also the absolute
target power could be well predicted during the whole phase of ddmsitylL-mode
discharges. The effect &xB drifts was found to be dominant, on the other hand the effect of
ion OB (and centripetal) drifts was negligible. In addition, the EDGE2Bwuktions
successfully reproduce the observed asymmetries in divertor density and ekoperature,
and the atomic carbon (CIII) emission profiles; on the other hand,.teeni3sion profile was
well matched only under attached conditions. Whereas EDGE2D suclyessunbduces the
anticipated parallel pressure drop accompanying divertor detachmenstrangly
underestimates the divertog ight, and cannot reproduce the gradual plasma flux reduction

(roll-over behaviour) observed under detached conditions.
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