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ABSTRACT

Code predictions of parameters in the pedestal region of high power H-mode discharges on JET
have been performed using the EDGE2D code including (i) self-physically and chemically sputtered
carbon impurities, (i1) guiding centre drifts with realistic core boundary conditions, and (ii1) an
imposed Edge Transport Barrier (ETB). Simulations indicate that these three items have important
synergistic effects on the achievable pedestal and SOL parameters. Good agreement with
experimental measurements on JET is achieved for a moderate ETB strength of D, = 0.4 m’.s7.

Preliminary results for ITER are discussed.

1. INTRODUCTION

Recent modelling of the JET edge plasma using the EDGE2D fluid code has shown that inclusion
of Guiding Centre (GC) drifts can improve the agreement with experimental data, e.g. with the
level of divertor power asymmetry [1, 2]. However in these studies, drifts were activated only in
the SOL region and hence their impact on edge (pedestal) plasma profiles was not investigated.
In the present study, drifts are activated everywhere in the EDGE2D computational domain by
introducing an improved core boundary condition on the innermost computational ring. In addition,
an Edge Transport Barrier (ETB) is imposed by reducing the prescribed radial diffusivities of
particles and heat in the edge region, using a realistically chosen pedestal width and diffusivity
profile. Physical and chemical sputtering of carbon, which leads to variable radiation levels in
core and SOL, are also included. Previously, EDGE2D reproduced ELMy H-mode plasmas using
an ETB and imposed radial pinch terms [3]. The new results represent the first successful
reconstruction of both target and pedestal profiles with an ETB and self-consistent drifts, without

an imposed radial pinch.

2. IMPROVEMENTS TO THE EDGE2D DRIFT MODEL

The previous EDGE2D drift model was consistent with that implemented in the TECXY [4] and
B2-SOLPS5 codes [5]. Although, the magnetisation drift term used in EDGE2D was more
complicated, the final equation set was the same; to simplify future development and code-code
benchmarking, the description used in [4] has now been implemented. The main drawback of the
previous EDGE2D drift model is the fact that the radial electric field on closed magnetic surfaces
(pedestal plasma) was not calculated self-consistently. This shortcoming is now circumvented
by introducing a new boundary condition which imposes a constant plasma density and temperature
on the core boundary (innermost core ring), for any given input particle and energy fluxes. The
magnetisation drift term, which previously gave rise to a large, unphysical radial drift flux on the
core boundary, is now cancelled analytically by the gradient-B drift term, such that in the absence
of poloidal gradients, the radial drift velocity vanishes exactly. Note that since both magnetisation

and gradient-B terms are large, they give rise to an equally large Pfirsch —Schluter flux.



3. JET MODEL PREDICTIONS

To simulate H-mode discharges on JET, an Edge Transport Barrier (ETB) is included in EDGE2D by
reducing the radial perpendicular transport. This barrier extends inwards from just outside the separatrix
to ~5cm, mapped to the outer mid-plane, and assumes poloidal flux expansion. A minimum particle

min _0.1m%s"! is chosen on the basis of previous publications [6, 7]. A heat

transport coefficient, D |
transport coefficient, %, = 2.5 D is assumed, again from [6, 7] and simple transport theory. The
shape of the barrier close to the separatrix matches experimental measurements and Onion-Skin
modelling as reported in [7]. Boundary conditions are set such that the perpendicular ion velocity is ~
zero at the top of the pedestal, as expected for low collisionality in this region, which results in
poloidally uniform and very low (<20m.s_l) total perpendicular velocities throughout the pedestal
region. A variable minimum, 0.1 m>s~' <D lmin <1 m?s™! has been used in separate code runs to
determine the effect of barrier height on pedestal temperatures and densities at the top of the pedestal
(Teped, neped, where D, =1 m? s_l).

A number of typical Type-I ELMy H-mode JET discharges with strong additional fuelling (2.5
MA/2.4 T, ~12 MW NBI, n/ngy ~ 0.7 — 0.9), cases have been modelled, with P, = 12MW; a 2:1
partition of power between ions and electrons has been assumed [8]. Mid-plane profiles T,(r) and
n.(r) as predicted from the code are shown in figure 1, for various boundary conditions of transport

and drifts. In the absence of drifts, an ETB increases Teped and neped

, such that the pedestal pressure
peped _]/2. When drifts are included, Teped is reduced by 30% and neped is
increased by 30% such that peped remains constant.

In figure 2, the effect of ETB strength on Teped

increases roughly as D | .

d

ed . . .
and nep 1s shown, each point representing a

separate converged solution code. The pedestal pressure, peped, the pedestal stored energy, W o> and

p
energy confinement time, Tg ~ Wped/PSOL’ increase roughly as (D, . = 25 X Lmm)_l/z, and are not

min

affected by the inclusion of drifts. The lower Teped pointat D, " =0.1 m%s”! represents radiative

collapse and the formation of an X-point MARFE. For D <0.5m’s” 1, inclusion of drifts increases

Lmin
the radiated power by up to 65%, which is caused by a corresponding increase in carbon impurity
content, mostly in the pedestal (core) region, see Table 1. The increased carbon radiation, figure 3, is
partly offset by reduced atomic energy losses (line radiation and charge exchange), but the net effect
is to increase the total radiative fraction. The increased cooling of both the pedestal and divertor

plasmas leads to earlier inner target detachment.

4. COMPARISON WITH EXPERIMENT

A number of typical type-1 ELMy H-mode discharges with strong additional fuelling (2.5MA/2.4T, ~
12MW NBI, n/ngy, ~0.7-0.9), 0P = 1.1x10" m ™ (JET Pulse No: 53089) and 2.3x10'” m ™ (JET
Pulse No: 53090) have been modelled using EDGE2D with both ETB and drifts. T,(r) profiles from
a variety of edge diagnostics are shown in figure 4, together with model predictions. The code

simulations are shown as solid and dashed lines in the plot. It was found that an ETB with D =04

Lmin

m?.s7! gives the best match to the JET data in the pedestal region.



5. ITER MODEL PREDICTIONS

Preliminary simulations on an ITER grid [9] with a beryllium wall have also been preformed including
both drifts and a weak ETB, with similar assumptions to those used in JET simulations. The input
power was chosen at 84MW (Fusion power =410MW, Q = 10, 30% core radiation) and the separatrix
density at 1.8x1 0! m'3, compared to the expected value 3.0x1 0”m™. Nonetheless, partial detachment
was observed at both inner and outer strike points. The converged solution yields Tepecl ~1.7keV and
Tiped ~2.5keV foraD Lmin =0.25m?s” ", Based on the square root dependence discussed previously,
the design value of Tiped ~ 4 keV would thus require an ETB with D Lmin =0.1 m*s”". Such

simulations will be performed in a future study.

CONCLUSIONS

Improved core boundary conditions have been used in the EDGE2D drift model, which allow self-
consistent integrated multi-fluid (hydrogen + impurities) modelling with both ETB and drifts. Without
drifts, the pedestal pressure, stored energy and energy confinement time increase as D | .~ 1/2, (D
=Py Lmin)z, a result which is not modified by the inclusion of drifts. The inclusion of drifts has little
<0.5m%!

the pedestal (core) carbon content is increased along with the associated radiation by up to 65%,

Lmin

effect on the power balance for a weak ETB, (D >0.5 mzs_l) , however for D

Lmin Lmin
compared with the no drift case. The result is a reduction in Tep °d and an increase in nep ed by ~30%,
(such that pep °d i unaffected), and inner target detachment.

EDGE2D is now able to reproduce both edge and target measurements of Te(r) in fuelled, high
power JET ELMy H-mode discharges, assuming an ETB with D Lmin =0.4m’s™ . The JET modelling
recipe applied to 84MW ITER discharges, using an ITER grid, predicts that the ITER design value of

Tip °d 4 keV would require an ETB with D Lmin =0.1m’s™\.
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Parameter Species Without Drifts With Drifts Difference Ratio
Radiation (MW)

Core C 1.0 53 4.3 53
Outer Divertor + Private C 1.5 0.9 -0.6 0.6
Inner Divertor + Private C 1.3 0.1 -1.2 0.08
Atomic Processes D 4.5 3.0 -1.5 0.7
Total 8.3 9.3 1.0 1.1
Electron power flow (MW)

Core to SOL (Conductive) D 4.9 44 -0.5 0.9
Core to SOL (Convective) D 0.5 1.0 0.5 2
Total D 5.4 54 0 1
Carbon Content (1018 m'3)

Core C 8 12 4 1.5
SOL C 3 59 29 2
Outer Divertor C 1.3 0.7 -0.6 0.5
Inner Divertor C 1.4 4 2.6 2.8
Total C 13.7 22.6 8.9 1.6
Plas. Pow. to Walls, Targets (MW)

Total Outer Target D 2.0 1.6 -0.4 0.8
Total Inner Target D 0.8 <0.1 -0.7 ~0.1
Total SOL Wall D 0.8 0.6 -0.2 0.75
Total D 3.6 2.3 -1.3 0.6
Fluxes (10*'s™)

Core to SOL (Conductive) D 8 16 8 2
Core to SOL (Convective) D - 0.2 0.2 -
SOL to Divertor C 0.45 2 1.55 4.4
SOL to Wall C 2 2 0 1

Table 1. The computed power and particle balance between core, SOL, wall and divertor targets.
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Figurel: Electron temperature and density profiles at
outer mid-plane for various boundary conditions o
transport and drifts. Separatrix density = 2.3 1 0" m™,
P, = 12MW.

Figure 2: Effect of transport barrier height on T,,, and
N,eq Gt the top of the transport barrier, ( inznerijnost core
ring). The lower T,,, point at D, = 0.1 m”.s"" shows a
temperature collapse, also predicted by the code.
Separatrix density = 2.3 10" m™>.
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Figure 3: Total radiated power and power to outer and
inner targets with and without drifts.

Figure 4: Electron temperature profiles at outer mid-plane
showing two different separatrix densities as input to the
code. Measured electron temperature data from various
diagnostics at these two densities is also shown.
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