/

Y :
()} EUROfusion
\=¢

S —

EUROFUSION CP(15)05/79

A.S. Christensen et al.

The Influence of Hot Neutrals in
Simulations of Gas Puff Modulation

(22nd June 2015 - 26th June 2015)
Lisbon, Portugal

This work has been carried out within the framework of the EUROfusion




“This document is intended for publication in the open literature. It is made available on the
clear understanding that it may not be further circulated and extracts or references may not be
published prior to publication of the original when applicable, or without the consent of the
Publications Officer, EUROfusion Programme Management Unit, Culham Science Centre, Abingdon, Oxon,
0OX14 3DB, UK or e-mail Publications.Officer@euro-fusion.org”.

“Enquiries about Copyright and reproduction should be addressed to the Publications Officer, EUROfusion
Programme Management Unit, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK or e-mail
Publications.Officer@euro-fusion.org”.

The contents of this preprint and all other EUROfusion Preprints, Reports and Conference Papers are
available to view online free at http://www.euro-fusionscipub.org. This site has full search facilities and
e-mail alert options. In the JET specific papers the diagrams contained within the PDFs on this site are
hyperlinked.




The influence of hot neutrals in simulations of gas puff moduwtion

A.S. Christenseh J. Madseh, V. Naulint, J.J. Rasmussén
A. SalmP, L.E.H. Tophg} and JET contributoi$
IPPFE, DTU Physics, Technical University of Denmark, Denm@&VT, Espoo, Finland,
SEUROfusion Consortium, JET, Culham Science Centre, AbimgdX14 3DB, UK

Introduction

Experiments utilizing the gas puff modulation techniqueenbeen carried out in JET for the
purpose of studying plasma fueling as well as particle partg1]. It is of great interest to
simulate such experiments, as this allows for deeper ihgigthe mechanics that determines
the fueling rate when applying gas puffing, as well as prangdinowledge of the dynamics of
neutral particles. This has to some extend been achievadhirerical simulations, which have
proved successful in reproducing profiles for the modute¢ioperiments in [1].

In this paper we make progress towards a simple to use modehwalows to explore pa-
rameter space in a dynamical fashion and can treat modulakperiments in a meaningful
way. We present numerical investigations on how the gasrpofiulation characteristics are
affected by the neutral particle model. Two 1D models ardisti) the first model includes only
one species of neutral atoms originating from the gas pyffidgereas the second model also
accounts for the hot neutrals created in charge exchanfig@o$ between hot plasma and the
cold neutralgionpe; + neutrakgg 2 neutrakho;+i0Ncolg)-

It is found that the neutral model does not affect the trartspiothe modulated signal sig-
nificantly, but the amplitude of the modulation is sevenalds larger in the two-species neutral
model. Also, the hot neutrals are seen to penetrate dedpeathim edge, which along with the
increased amplitude for the hot neutral model indicategmrifstant difference in fueling in the

two models.

Models
To simulate the transport of heat and particles, we applyteayof 1D transport equations [2].

The density equation for the quasi-neutral plasma speeasr

dnp+70 (IMp) =S, Tp=—Dpdinp+vrp, @)

*See the Appendix of F. Romanelli et al., Proceedings of thie Z&EA Fusion Energy Conference 2014, Saint
Petersburg, Russia



wheren, is the plasma density is vthe convective velocityD, = Dp(Xe) is the diffusion

coefficient ands, is the plasma particle source. The electron temperaturatiequeads

%at (ine) + Flar (I’ [Qe+ gTerpD = Qe, % = —Xe0r Te+ UTe, (2)

p

whereu is the electron heat convection velocixg,the heat diffusivity an®e is the heat source.
In order to account for turbulent effects, the electron lgfasivity is described by a critical
electron temperature gradient model [3], such that the d¢iéation grows when the electron

temperature gradient exceeds a critical level

B
Xe= Xeo+ AT {—‘ HTe —K} H (—|DT€| —K) , 3)
Te Te

whereH is the Heaviside step functiofeo is the collisional heat diffusion coefficient aida
coefficient.

Two models for the neutral particles are applied. In the speeies model the neutral popula-
tion consists of a cold neutral species which enters thesybly gas puffing, and a hot neutral
species which is created in charge exchange collisionsdegtot plasma and cold neutrals.

Both hot and cold neutral densitiag, , are described by a diffusion model

atnnc,h + %ar (rrnc.h) = ch.h ) rnc,h = _Dnc,h ar nnc.h ) (4)

whereDnQh are the diffusion coefficients.

The plasma and neutral equations are coupled through tmeesou

S = (Nnkiz — N kex) Np, Qe = —kizNnTiz, (5)
S = — (Kex +Kiz) Npchp, Sy, = (MngKex — N, Kiz) Np (6)

whereny = nn, + Ny, Tiz; = 13.6€eV is the ionization energy arlg, andkey are the ionization
and charge exchange rates which both depend on the plasrpartgare [4]. External plasma
and cold neutral sources are imposed through boundary tommsli and in particular the gas
puffing is simulated by modulating the cold neutral sourceéhanwall.

The one-species model for neutrals is similar to the abaviethe charge exchange reaction

ratekcy is quenched such that no hot neutrals are created.



Results
By solving the system of equations (1)-(6) numerically wéaabthe neutral profiles shown in
Figure 1, modulated plasma density profiles in Figure 2 araselshift and amplitude for the
modulation in Figure 3. The plots for experimental data smowFigures 2 and 3 are constructed
from a measured plasma density profile in phase 1 of JET sh@28with GIM7 modulation
(for details, see [5, 6]). These, along with experimentat&bn temperature data, were also
used when the free parameters of the model were estimated.

In Figure 1 it is seen, that in both mod-
els the cold neutrals have a small penetra-gww
tion depth and the densities vanish inside thej:
last-closed-flux-surface (LCFS) which lies at °[
approximately aR = 3.80m. The hot neu- =
trals have a much lower density at the wall (azt

R=3.864m), but penetrate far deeper into the .}

plasma edge. This indicates that hot neutrals’
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may play a significant role in plasma fueling.

= = = Cold neutrals - one species
Cold neutrals - two species

Figure 2 shows the modulation of the den- Hot eutals - wo species

sity as a function of time. Both simulation&igure 1: Neutral profiles in steady state, shown
both for the one-species model (dashed), and for

mimic the plasma behavior to gas pufflnghe two-species model with cold (dotted) and
well by reproducing a modulation phase shiftot (full) neutrals for JET geometry.

which increases, and an amplitude which de-

creases when approaching the center. The phase shift arldual@@re depicted in Figure 3.
This shows that the calculated phase shift only dependslweakwhich of the two models
is applied, and that the ionization source region is deepethie model which includes hot

neutrals. The latter is concluded from the flatter phasé shihe two-neutral-species model in
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(a) One neutral species. (b) Two neutral species. (c) Experimental data.

Figure 2: Simulations of and experimental data for gas puitiatation of plasma
density. One of the perturbations is tracked and marked loye circles.
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Figure 3: Phase shift and amplitude of plasma density méidualéor one-species
model (dashed), two-species model (dotted) and experahéata (full).

the outer region. It is also observed that the amplitude®htlodulation is several times larger
for the model that includes hot neutrals. This effect is dutheé deeper penetration of the hot

neutrals inside LCFS.

Discussion and conclusion
The effect on the gas puff modulation characteristics arestigated for two different models
for neutral particles. A comparison shows that the phadeislthe plasma density modulation
Is similar for the two neutral models, whereas the amplitofddne modulation is significantly
larger for the model which includes hot neutrals producecth@rge exchange collisions.

The weak influence on the phase shift suggests that the cbhionautral model is not signif-
icant for the plasma particle transport. In contrast thengginfluence that the choice of neutral
model has on the amplitude of the density modulation inds#tat the fueling rate inside LCFS

is very dependent on whether hot neutrals are included or not
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