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1. Introduction

A spedal fedure of the spherica tokamaks START and its larger (~ 1 MA) succesor MAST
studied at Culham is their large ratio of vaauum tank to confined plasma volume, respedively
~20:1 and~ 10:1. This gaceacts as a reservoir of neutral particles, supgied initially by the
gas prefill, and replenished continuowsly by gas inpu and recycling. Consequently,
interadions of neutral particles with the edge plasma can be ad&undant and exert a strong
influence on bkehaviour. In addition to obvious effeds on fuelling, it was also suggested by
START datathat they might help to dsperse diverted paver and so beneficially reduce target
loads. A programme of modelli ng has therefore been inaugurated to examine such pdential,
and here preliminary findings are reported. The indicative observations from START are first
outlined, before 2-D modelli ng of full-power MAST condtionsis presented.

2. lllustration of START double-null plasma results

More recent START discharges, which eg achieved® record values of plasma B, were operated
in an updown symmetric doude-null divertor configuration, with neutral-beam auxili ary
heaing. Power balance estimates, including radiation losses, for typical shots #35738and
#35745(1, = 200 KA, Bp = 0.3 T, Ry = 30 cm, a = 23 cm, Py = 0.87 MW) disclose that
= 430 WV entered the scrape-off layers (SOLs) during their steadiest phases. On the other
hand, measurements with Langmuir probes embedded in the four targets suggest, for equal
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temperature ions and eledrons and ambipolar sheahs, the following depaosited powers :-

Inboard upper | Inboard lower | Outboard upper | Outboard lower
| Power Q; (kW) 12.4 14.1 62.3 48.0

Thus only = /5 of the dflux power appears at the targets; athough differences in T and Te'
and nonzero eectric aurrents flowing in the edge could modify this figure, it is evident that
some significant loss process intervenes aong the SOLs. Furthermore, for anomalous
transport of energy acrossthe mnfined plasma which is driven just by flux-surfacequantities
and linealy by their spatial gradients, the expeaded ouboard-inbcard imbalance of doulde-
null diverted paversis given by the purely geometric ratio of surface integrals” :-

QM/Q" = (JouOWOAS) / (fsnIOWOMS) . (1)

In the START cases considered, this ratio is= 14, as oppased to that purely of toroidal areas
A IAT" = (JoudS)/ (fgndS) = 3.Note that this grong outboard prevalence due to
Shafranov shift is a particular advantage of sphericd tokamaks, as it helps to lessen loadings
on their central column®. From (1), a total of = 29 KW would therefore be expeded at the
START inbaard targets above, close to the value measured, whereas = 400 KW shoud reach
the outboard side, of which only = %/, is ostensibly deteded at the targets. Henceit is hinted
that significant coaling occurs, principally within the outboard SOL where interadions with
the surroundng envelope of neutral gas sioud be gredest.

In START, fast-ion gauge measurements usually showed gas densiti es of order 10'° -, 10 m™
in its tank, eg substantially as a legacy of its pre-fill. Further suppat to this contributing to
edge energy sinks is lent by 1-D Monte Carlo calculations with the mde “NEUTRAL”,
illustrated in Fig.1. These agreewell with dagnastic interpretation o 1-D Bamer-a signals
(labelled *NDAP), and imply a mnsiderable density of atoms within the SOL. More detail ed
2-D modélling has therefore been undertaken to analyse associated losses for representative
condtionsin the new MAST device

3. Modelling of MAST experiment

The MAST maciine(R=0.7m,a=0.5m, [, <2MA, By =0.6T, Pygi < 5 MW) will aso
operate primarily in doubbe-null configuration, with NB heating. A sample discretization is
plotted in Fig.2, prepared for the “B2”-EIRENE unified code suite® assuming complete up-
down and axi- symmetry. Note that in pradice the divertor legs will extend completely to the
central column and the top & bottom end-plates, but by-passroutes beneah the strike-points
will still permit communication throughou the tank asin the test arrangement of Fig.2.

In addition to the pre-fill, over long MAST pulses (< 5 s) bath gas-puffing and recycling will
fead the gas dengity in its tank; the latter in particular will be favoured by the open dvertor
geometry first planned. To study its influence, couded “B2”-EIRENE cd culations have thus
been performed asauming no reutral-particle sources other than 100% recycling at both
targets, and no reutral-particle sinks other than re-entry bad over the innermost magnetic
surface included ('™ ) into the @re (where they are taken to be ionized), ie the vessl walls
and coil cases are treded as fully saturated. Steady states are then achieved when these @omic
escgpes self-consistently balance the ion efflux derived, for bourdary condtions of chosen
innermost density n,™ and the highest possble power efflux of Q™ = 6 MW split equally
between eledronsandions. Three caes( A, B, C) have been solved, asdefinedin Table 1,
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Lower half-system only (ie 3 MW total power)

Pure recycling, saturated walls | Recyc. + gas-puff & wall -pumping
CaseA | CaseB | CaseC | CaseA’ | CaeB | CaseC
ne™ (m3) 219 1.e20 219
Q:."=Q"™ (MW) 1.5 1.5 1.5 (test-particle runson
X&/4=Dr(m?s%) 0.2 0.2 4.0 oppasite badkground pasmas)
total flux amp. 7 6. 66. 10. -
Q™™ (MW) 1.91 1.36 1.76
Q" (MW) 0.574 0.404 0.556
N tom (M) 35316 | 3.44e17 | 1.1%17 | 3.5%16 | 3.61el7 | 1.0417
KT tom” (€V) 12.7 7.78 10.9 12.8 7.88 11.2
M molecute (M™) | 2.92017 | 2.06e18 | 7.7%17 | 2.77%17 | 2.0518 | 4.9417
M T o (8V) 0.0374 | 0.0504 | 0.0452 | 0.0375 0.0520 | 0.0525
tot. Pe%loss(-) | -42.1 -900. -218. -42.0 -914. -199.
by neut. ints. (KW)
tot. P¥%loss(-) | -466. -335. -219. -471. - 395, -198.
by neut. ints. (KW)
net mol. flux into | 9.4320 | 1.01e21 | 3.9821 1.30221 1.44e22 2.3%¥21
(+) outboard (s?)
net mol. flux into | 4.4720 | 1.6%21 | 1.16221 | 1.31€20 | -7.74e19 | 2.30:20
(+) inboard (s1)
net atom efflux | -2.0721 | -2.06e22 | -9.0821 | -2.1321 | -2.16e22 | -8.3621
from (-) outb. (s
net atom en. flux -180. -267. -168. -193. -297. -156.
from (-) outh.(kW)
net atom efflux | -7.10220 | -3.06e21 | -1.21e21 | -5.66:20 | -2.50e21 | -9.44e20
from (-) inb. (s%)
net atom en. flux -83.8 +2.41 -21.7 -70.7 +3.99 -18.2
from (-) inb(kW)
tot. wall -pumping 0 0 0 1.83F21 1.5622 | 6.0721
of atoms (s%)

Table 1 Results of MAST “B2”-EIRENE and EIRENE “test-particle” calculations

scanning a range in edge density, and transport coefficients, from smaller JET-like quantities
to larger Bohm-like ones. Recycling is measured by total flux amplificaion 2, ietotal ion flux
onto the targets divided by that crossng the innermost boundry ™. This leals itsalf to
appredable neutral-particle density in the tank relative to the level for good transmisson o
the neutral beams (< 1.5x 10'® m™). Eledron andion paver losss sown are respedive total
sinks due to interadions with atoms, moleaules and moleaular ions in the whole calculation
region. These ae acualy foundto be small, except at high plasma density when recycling
losses (radiation and ionization) dominate. Outboard to inbaard target powers remain always
close to the ratio of innermost surface aeas, as imposed exadly at the @incident boundary
condtion ( Q™' / Q" = 3.1). Comporents of the losses caried by atom effluxes from the
plasma ae given separately for outboard and inboard sectors. A key point isthe large fradion,
often more than half, emerging through the private flux, so that spedfic divertor geometry
must be important. Fluxes are of course larger through the larger outboard surface aea
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A more practicd situation will i nvolve agas inpu to suppgement fuelli ng, plus wall pumping
of atoms, eg as after boronization. A first insight into such states has been inferred by adding
a narrow gas-puff source of molecules at the vessel outboard mid-plane (see Fig.2) and no
desorption d captured atoms at the vessel walls. Individual EIRENE calculations have then
been exeauted using the former solutions as badkground pasmas. cases A’ and C' injeding
107 D, s?, case B' adding 107 D, s*. Results are now not solved self-consistently, but are
foundin Table 1 to be generally quite dose to the previous properties. Moleaular fluxes are
deaeased at the inboard side, and increased ouboard in cases A', B'; adropin case C' isdue
to precadence of wall pumping. Observing that energy sinks and even atom effluxes are littl e
altered implies that recycling dominates over puffing regarding neutral gas for these chasen
MAST condtions. An illustration that moleaules can penetrate into the SOL plasma is
depicted for case A’ in Fig.3. Particle and source/sink densities tend to be highest at the
inbacard strike-point, but to demonstrate where largest losses eg for ions adually occur, the
acompanying sink due to reutral particles in ead gid cdl is plotted in Fig.4. Here it is
strongest inside the separatrix within the confined region.

4. Summary

The vaauum tanks of the START and MAST spherical tokamaks provide large reservoirs of
neutral particles which certainly affed plasma fuelling behaviour. Measurements in START
also suggest strong coadling of the outboard SOL. Numerica 2-D modelli ng of representative
MAST condtions, howvever, indicaes that at least under strong auxiliary heating, energy
losses from the diverted plasmawould tend to be small; notably elastic-scattering and charge-
exchange dispersal of power appear minor loss processes (< 10%). Recycling sources of
neutral particles dominate over likely levels of gas injedion to asgst fuelling, although high
fradions of plasma dfluxes occur through the private flux, and would therefore be susceptible
to dvertor geometry. Investigations will be extended to self-consistent cdculations with gas-
puffing and wall pumping, as well possbly as nontlinear EIRENE applicaions to include
self-colli sions amongst the neutral particles.

Thiswork was suppated by the UK Department of Trade & Industry and Euratom.

References

1. M Gryaznevich et al Phys. Rev. Lett. 80(1998 3972
2.GPMaddisonet al Proc. 1&h EPSConf. CFPP(Berlin, 1993 111-197
3.HR Wilsonet al this conference

4.D Reiter J. Nuc. Mat. 196-198(1992 80

244



