Simulating Collisions with GORILLA
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Introduction

One of the goals of the TSVV6 work package ot
Eurofusion is to investigate the effects of impurity
atoms (mainly emanating from the reactor wall)
onto the edge plasma. This poster presents an im-
portant step towards this goal by discussing the
introduction of a collision operator into the guid-
ing center tracing code GORILLA (see below). First
results are shown on the distribution of tungsten
ions.

GORILLA

The name GORILLA[1][2] is an acronym for
Guiding center
ORbit
Integrator with
Local
Linearisation
Approach.

It is a Fortran based code used to trace particles
within fusion reactors. Its outstanding feature
is that it divides the whole computation domain
into small tetrahedral cells and within each such
cell the electric field, the magnetic field and other
quantities are approximated by piecewise linear
functions.

This makes the guiding center equations of mo-
tion linear and they can be solved exactly with a
computational speed up to ten times faster than
conventional Runge Kutta methods.

Due to its high computational efficiency and the
nature of its setup, the code lends itself ideally for
calculating arbitrary moments of the distribution
function.

Theory on Collisions

When modelling collisions, we are actually deal-
ing with diffusion problems. In 1D, the diffusion
equation reads
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with f the distribution function and D the diffu-
sion coefficient.

Lifting Eq. 1 to 6D phase space, transtorming to
curvilinear coordinates and then only concentrat-
ing on velocity space (which produces the domi-
nant effects), the diffusion matrix ends up being
diagonal. In terms of the momentum p and the
pitch parameter A = v /v, the diffusion equation
then reads
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Numerical Implementation

Eg. 1 can be cast into the form of the Fokker Planck
equation
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The fundamental solution to this equation is
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Numerically, this can be approximated by tracing
test particles whose trajectory evolves according to

G(x,xq,1)

xr(t+ At) =x(t) + Ax(x(t)),
Az =V2AtBE + AAL,
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where ¢ are random variables with mean £ = 0
and standard deviation £2 = 1.

Eg. 2 can be similarly manipulated leading to
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where D, V2, DPP and V?  are now dependent

on the particles phase space position. They are
evaluated according to [3].

Implementation in GORILLA

When tracing a particle with collisions in
GORILLA, three steps are executed in a loop:

e The local collision frequency is computed to
evaluate At from Eq. 6

e )\ and p are updated according to Eq. 6

e The particles trajectory is followed for the
time At.

The collision module consists of five subroutines:

e collis_init is called before the particle
tracing begins. All the non phase space de-

pendent parts of D, V2, DPP and V? are
evaluated for all tetrahedra.

e getran evaluates £, and &, from Eq. 6.

e coleff and onseff evaluate the phase

space dependent parts of D, V2, DPP and

e stost is called whenever a collision should
be performed. It then calls the subroutines
coleff, onseff and getran, evaluates At
and updates A and p according to Eq. 6.
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Results
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Figure 1: Rescaled particle density produced by 10°
ionised tungsten particles (15 fold) with a temperature of 3.5
keV and deuterium as background particles. Each particle was

initiated at the red x and traced until it left the computation
domain (ASDEX Upgrade grid). CPU time ~ 400 hours.
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Figure 2: Density in Fig. 1 averaged over poloidal angle

Similarly to Eq. 5, the tracing time of the tungsten
particles can be estimated according to
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agreeing well with a simulated median of 2.3 s.
As the computation domain has a tiny hole in the
center, 0.7 percent of particles got lost there. Here,
there is still a discrepancy to
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Summary and outlook

e GORILLA can trace impurity atoms all the
way until they hit the device wall using a sta-
tistical operator to simulate collisions

e Because of its high computational efficiency,
it can do so in the fraction of a time needed
by other codes

e In the future, more complicated profiles of
temperature, density and electric field are in-
tended to be tested to gain more insight into
the overall behaviour of impurity atoms.
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