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Abstract.

A simulation approach with arbitrary behaviour of magnetic fluxrdioates uniformly
covering the whole vessel described that was developed for the #himensional plasma
equilibrium code TOKE aiming attokamakmodelling The connections between neighbour
regions of monotonic fluxariationare describetby a graph sucturethat is automatically
generated irthe code It is explained how lasmadiffusion throughout the graptan be

calculatedacros<losedfield linesas well as sucknding at the wall.

The plasma confinemenn ITER near the edge will probabhe far from a stationary
process, being governed substantially the edge localized mode Fast plasma transport
may drastically expanthe width of the scrapeff layer (SOL)up to the wallsLost plasma
can propagate as filaments in which the currentdaaraized causing the poloidal magnetic
flux to have several local minimums and maximums in the vessel

For computer modelling of the complex plasma behaviour in the whole vessel,
including the core aswell asthe SOL a new code TOKES is being develop&bme
featuresof the code weralescribedelsewherg such asimplementation of plasmwall
interactions ] and simulation otarbonimpurity penetration into the cofé].

This work describes the models of TOKES for the rmalpping magnetic frames

i \\\;j//// ?5\‘@‘ |
Pl S e
ISR
U R7RE
a) :

7
Vv,

S

P

ol

RN
C) b

> confinement region
DDDDE\E>D \ |
=0 === Eollo o0 o o o o o o o o o o [ (o o T [ o o [ [ = [

Fig. 1 Afragment of ITER vessel is shown, with the magnetic flux contours (a), the
respective graph (c) and a fragment of the background triangular meshes (b)
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and the plasma diffusiomcross themThe codecalculatestaeach time step thdasma
currents and the coil currentassuming toroidal symmetigbout the axis z. Then new
magnetic flux contours representing magnetayers that contain plasmare generated
(Fig1a), andthe pressure profileesulting from plasmé&ansportand beam fuelling during
the time stepis updated Special triangilar mesheswere produced that covethe vessel’'s
poloidal crosssection(see Figlb). The magnetidayers approximatedn the poloidal plane
with chains ofline segments, are attached to the triarigiees

The poloidal magnetic fluxv(r,2) is a continuous function of the polar coordinates
and z calculated at the triangles’ corners and linearly approximatetie theriangles.
Going away fromthe magnetic axiof the core, w changesmonotoniclly up to the
separatrixoutside of whiclhe contoursre urclosed.Therethe poloidal field coils produce
several regions of monotonic decrease or increasgrcd) near the all surfaces.

Fig. 1c shows a graph structure representhegdonnectiondetweenthe neighbour
regionsof monotonicw(r,2). In the graph, one (turned) symbal stands for one magnetic

contour line.The codeautomatically builds up such a graph for abiteary functionw(r,2),

with one original layerA being followed by chains of its descendants (“dads” and “sons” in

TOKES terminology). Each dad but the last one in a chain has only one son, and she last

either has several sons or none. In such a ggpbture, each separate region of monotonic

behaviour ofw is represented with orfechain, for instance the whole confinement region.
Eachsegment o& magnetic layehassomesurrounding area in the poloidal plane
which is part of the are& of its host triangle Area s is proportional to the length of the

triangle’s segment§: s=s = K|li|, with coefficientk = §%|lj| providing the correct metric.
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Fig. 2 Rectangular meshes of magnetic
layersin TOKES
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However,not all triangles in Figlb are crossed
by the magneticlayersin Fig. 1a Such triantgs
arepresently ignored ithe computationswhich
restrictstheapproactso far

The segmentl; is interpreted as a
rectangle oriented along the segment, with some
sizesa; andb; (aib; = s). If [li* > s, the sideofa;
is assumed to be equal tfi|, otherwise
a; = b = Vs is assumedThe layers becomesplit

into suchrectanglegsee Fig2).
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The confined plasma dhe core or the filamentgiffuses into periphery regions
howeveronly via those rectanglesit each layer the dengsn and tempeatures T of ions
and electronare assumedonstanbver the layer’srectanglegwhich for unclosedayersis a
rather rougtbut acceptablestimatioh The codecalculates also thmterfaceareasetween
magnetic layes necessary foconsideringcrossfluxes. The approximationsuggested here,
with rectandes as numerical plasma cellprovides convenienfinite-difference schemefor
TOKES for involved physical processes.

The featurethat the magnetic contour graph allows uniform algorithms for plasma
transport across arbitrary magnetic flux frame is demonstragg as an exampltéhe
diffusion processWith a coordinatex that acquiresequential or the sameteger values at

the interfaces betweemmericalmagnetic layershe diffusion equation fan(t,x) reads

v—-—Eka”H-V— (1)

ot ox[
HereV(x) is the volumeenclosed betweer—Y2 andx+%2, K(x) the magnetic surfacentegral
of the diffusion coefficientivided by the local distance betweeti2 andx+%2, andto(x) the
longitudinalloss timeof plasma(to = o for closedsurfacely The codecalculatesV andto
for each layer, anH for each layer'snterface.
The correspondindinite-differenceschemefor alayerreads

n
VT——K ZK n, —n) )

The n andn correspondda the beginning and the end of the time stepespectivelyThe
integralsK 4 andK s describe the connectionsthie layer with itsdadand thesons if they are

available Eq.Q) is rewrittenin terms of convenient coefficienés B andSas

B - AN, - =S 3
B+A+YAD-AR -3 An, ©)

B= V% % A =K, A =1K, S=Wn 4)

The solution to Eg3) is obtained as follows. Initially a childless layer (“end layer”) is

consideredgnyoneat the left ends of éhgraph Figlc). For it Eq.8) takes thesimpke form:
(B+A,)n-An, =S (5)

Then of the end layer is thus expressederms ofits dad’s plasma density:
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n=2t AN (6)
B+ A,

In Eq.(3) br the layer which is thdad of theend layerthe end layer is one sbnsand thus
its n is one of ng in the sum. We eliminatéhat ns using Eq.§) with the correspondinge-

designationsn - ng, B » Bs, Ay - A, g - N, S - S EQ.(3) for the dadakes the form:

B+A th-An, - =S 7

- +A’+SZSA‘D ANy SZsAgng (7)
The modified coefficients argiven by

N — _ As a— Ss

A=A+AR- o S=s+Ag ®

If the sums in EqA) are empty(the dad has only one sothe end layer’'s functiom is
eliminated and thdadbecomes playing the role of the end layewever with the modified
A4 andS. Thus one step of calculations for a layer chain is done.

The code repeatshose stepsuntil reachinga layer with severalsons As for it the
sums ons in Eq.(7) are not empty, the sanmalculationsare maddor the other sons At
each step the equatiortd type EQ.(6) expressing thesons’' n in terms of itsdads’ n are
obtained. Finally the sumsf Eq.(7)are replacethy the corresponding modified coefficients
and thus the layer which has severabnstransforms intothe end layer. The procedure is
then repeated further untiéachingthe originallayer. Eq.(7) for the original layerwith the

sums replaced, reads

S
B+A,

Having obtained the last valoén, the processs reversed in order to obtain pheviousn.

(B+Ah=SO n= ©)

It is done using the available expressid@ts(6)for sons’n in terms of theidads’n.
The describedpproach and the diffusialgorithm veresuccessfully teste&imilar
algorithms for the thermal condueity and convective contributions to the transport

eguationshave also beemplemented in TOKES.
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