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I ntroduction

The oscillatory power and particle exhaust in magnetic fusion devices with high confinement
(ELMy H-mode) exhibits a strong link between core and edge plasma with the scrape-off-layer
(SOL). Generically, the latter acts in a twofold way since it removes power and particles away
from the upstream region but it also refuels the core and edge via interaction with the vessel.
Thus, any modelling attempt to provide a consistent picture of the transients has to account
for the prevailing transport processes and time-scales of the core and the SOL including the
neutrals. The integrated transport code COCONUT [1] combines the 1.5D core code JETTO
with the 2D SOL code EDGEZ2D with the separatrix as communicative layer exchanging fluxes
between the codes. Previous results of type-l ELM simulations [2] indicate a strong influence
of neutral dynamics on refuelling the edge since it actively affects the ratio of convective to
conductive losses from the edge and thus the building up of the pressure gradient within the
ETB.

This contribution extends the work from [3] where consecutive ELMs with increasing fre-
guency with increasing pedestal coIIisionaIinged were modelled consistently. It turned out
that the plasma edge was refuelled too early after an ELM crash. Other integrated models for
the SOL show [4] that the experimentally observed convective ELM regime [5] with increas-
ing Vo4 can be achieved if the neutral source from the main-chamber is modelled accurately.
Namely, time-dependence in neutral transport is now included to prevent neutral shock waves
after ELM crash [6]. The 3D Monte-Carlo code EIRENE [7] recently linked into EDGE2D
(substituting NIMBUS) is used to evolve the neutral kinetics in detail by including vessel in-

*See the appendix of M.L.Watkins et al., Fusion Energy 2006 (Proc. 21st Int. Conf. Chengdu, 2006) IAEA
(2006)
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teraction and atomic physics to control the particle conitedtvertor and main-chamber more
carefully. Also a ballooning-like exhaust of power and particles (poloidal dependence) is now
assumed in COCONUT to localise re-fuelling from main-chamber after an ELM.

ELM simulation M odel

The empirical Bohm/gyro-Bohm anomalous transport model is applied here for the JETTO
core model. An ETB of 4mwidth at outer mid-plane comprises a suppression of anomalous
transport down to neoclassical level (lower limits for inter-ELM transport are selegfed® =
0.1%, XETB ~ \/%Xil DETB — 0.0ZS% ). ELMs are triggered if the normalised pressure
gradienta = —2u0q2/88£Dp within the ETB exceeds a fixed critical ballooning parameter
ac. = 1.5. The ELM structure comprises an increase of diffusive transport in the ETB for a short
period g v = 100us to high values Dg v = 100%, XELM = 200@) assuming a Gaussian
profile centred ap = 0.97 (FWHM = 4cm). The level of transport at the separatrix is taken
over by EDGE2D where the radial transport profile is prescribed by a modified tanh increase or
exponential decay towards the vessel wall depending on inter- or active-ELM phase respectively
(for details see [3]). Parallel transport is classical plus kinetic corrections via heat-flux and
viscosity limiters: e = 0.2, B = 10 andb = 0.4 respectively [3]. Sheath heat transmission
factors at the targets are constapt= 2.5 for ions andy. = 4.5 for electrons.

The case chosen is JET pulse 5598650.26, 095 = 3.78, NBl-power 1MW). Simulations
were considered pure-D, i&e:f = 1. A gas puff was applied from the top and a gas-flux scan
was pursued up tBgas = 10°%s* to vary the collisionality.

The Monte-Carlo code EIRENE was used in EDGE2D to model the neutrals dynamics.Kinetic
neutral atoms and molecules are followed stochastically and source-terms for plasma particle,
momentum and energy are derived by a book-keeping of their trajectories. Neutral sources are
defined by plasma flows recycled at the targets or at the vessel walls or gas-puff surfaces de-
fined. To avoid neutral shock-waves after an ELM-crash the time-dependent mode of EIRENE
was used: neutrals hitting a certain time-barrigy defined by one or more fluid-time-steps)
are stopped and saved on a census-array [7]. The latter defines another neutral source for
the next EIRENE call. This approach involves heavy memory-consumption (ie whee-
creases strongly). The total number of particle histories was adapted by variationgief
Nhist = min(400000 r{)ef/ro * 40000 Wherer(r)ef =2.10°9) and following the recommenda-
tion from [8] the number of histories allocated per stratum was flux-weighted.

Pumping surfaces in the simulation were assumed to be located in the corners of the divertor
where the total pumping speed was matched to the experimental vab.ﬂazﬂ‘ﬁ. A poloidally

averaged neutral flux crossing the separatrix is provided to JETTO as boundary condition.



35th EPS 2008; S.Wiesen et al. : Progress on integrated modelling of ELMy H-mode at JET with COCONUT 30f4

2.4e+19 T T T 3200

L puff'DA /-

0.6 2000 0.6

L1
/ or _— 0,
/ i

;‘ 2600 :
4 2400 - ‘V /
| A 2200 fr 2
' 2000 | i
, 1800 . | |
|

1600

2.2e+19

2e+19 4

_
L~ /l

1.8e+19 |

1.6e+19

1.4e+19

1.2e+19 L L 1400
63.2 63.21 63.22 63.23 63.24 63.25 63.26 63.27 63.28 63.29 63.3 63.2 63.21 63.22 63.23 63.24 63.25 63.26 63.27 63.28 63.29 63.3

.0

2800

Figure 1:n2%% and TP time-traces evaluated pt= 0.90

Integrated modelling results

With increasing collisionality gas-fluk92s, the ELM-frequencyfg v rises as expected per-
ceivable from the time-traces for top pedestal dena&?}j and temperaturé"eIDed (cf. fig. 1).
ELMs occur quite regularly and pronounced compound ELM structures (small ELMs following
a big ELM-crash) are found especially for the '0”’8éd cases. When comparing to experimental
plasma datanf®? is too low andT®? too high just before the ELM. The reason for this is to
be found in an improper choice of inter-ELM transport coefficients (ie a tooxWP). But
generally, the trend of increasing v with Vped is achieved (as opposed to results from [3]).
This is a direct consequence of using a time-dependent model for the neutrals which avoids
neutral shock-waves and thus prevents a too early edge refuelling after the ELM. The following
table shows the relative dropsimg, Te andW,eq as function of pedestal collisionalityged:

rosisl) vey  fen[HZ ne[m ¥ &% Tfev] 4 Wpeg[MJ] A\‘,AV’ET;M
0.4-10%2 0.009 20 232-10'° 044 3182 038 145 0134
0.6-10%2 0.013 51 214.-10° 035 2593 033 109 0111
0.8-10%2 0.016 77 215.10° 034 2351 033 100 0110
1.0-10%2 0.018 87 223-10'° 032 2230 033 099 0105

At a first glance,v;ed is too low as expected from experiment which stems mainly from the fact
that TP is too high. At a gas-flux threshold 0.6- 107251, fg w increases and the energy
confinement, reflected by energy cont®y, decreases strongly. The relative energy drop
AWE v/ Whped Varies only slightly and is in the region of 10%T /T is comparable ta\n/n

(around 30% - 40%, both not dropping wiﬂged) and thus reflects already a convective ELM
regime. After exceeding the threshold for hidgl v the edge density profile becomes non-
monotonic (cf. fig. 2) which results in a minimisation of the convective flux in the ETB as
the neutrals push into the edge. Simultaneously, the same heat is coming from the core and a

strongerT-gradient builds up leading to a peaking of the pressure gradient deeper in the core.
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Figure 2: radiahe (left) andTe (middle) profiles, before (solid) and after (symbols) ELM. right:

normalised pressure gradient before ELM

With the selection of a constaat,i; this leads to highefg . This is also supported by the fact
that with increased inter-ELM patrticle diffusiviy® "B (ie with enhanced inter-ELM convective
flux) fgLm is diminished at the same level of gas-flt8és[3] .
The non-homogeneous poloidal redistribution of ELM power in the SOL did not resemble
any asymmetry of target power loads. A delay between inner and outer target power deposition

of at least @Bmsis expected from JET. The model predicts only a fractier.01ms

Conclusions

A monotonic increase ofgy with v;ed has been achieved by including time-dependent
neutral dynamics avoiding early neutral shock-waves in the edge. COCONUT integrated model
resembled a convective ELM-regime already at Imggd with the model parameters chosen.
Re-assessment of the latter should render a better agreement with experiment. Access to a less
convective ELM-regime (ieAT /T deviating fromAn/n) and less strongly pronounced degra-
dation of confinememAW /W with increasingv;ed is probably only achievable with variation
of the actual ELM structure by means of duration, amplitude and radial extent. For this a reeval-
uation of MHD-stability for varyingv;;ed is needed as already suggested in [4].
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