33rd EPS Conference on Plasma Phys. Rome, 19 - 23 June 2006 ECA Vol.30l, P-1.101 (2006)

I nter pretative analysis of particle confinement timeon MAST
G P MaddisonA Turner, M Valové

EURATOM/UKAEA Fusion Association,
Culham Science Centre, Abingdon, Oxon. OX14 3DB, UK.

1. Introduction

In contrast to analysis of global energy balance, majority-ion memient time on tokamaks is
usually obscured by the difficulty of determining source rates, wdrieta complicated blend
of direct inputs and pumping with recycling. A total quartjtys) may be expressed :-

dN-tOt N.tot N'tOt dN N
i =—_1 4+S = - |D + Sadd ~ 2N = __|+arecyclesrecyde+qadd Sadd ’
dt T, T, dt T,
where N'™ is the total fuel-ion content and ~ N is their number within the confined

region; S= Secycle t Sadd (s'l) is total source rate consisting of recycling and exterrzaltyed
components respectively;<0g < 1 are efficiencies with which these contribute to the core
plasma; and; ~a’/Dy is consequently a time more representative of diffusion acrass thi
zone. When all added fuelling is switched d#q4=0), N/ cannot decline faster than net
effective confinement timet,”=1,/(1-R) 21,, Where & R=T,Secyae/ N'<1 is an
overall recycling coefficient. Similarly :-

N, N
T, ~

i T, ~1 ! =21, .
P Ni + Tg[qrecydesrecycle - (1_ qadd) Sadd] P Ni - Tp [(1_ elrecycle) Srecycle + (1_ qadd) Sadd] P

Derivation of 1; requires a sufficiently detailed description of tmde input, effluxes and
recycling. A global model adapted for the largéoraf vessel to plasma volumes (~ 10 : 1) on
MAST has been develop&y in particular distinguishing between moleculard aatomic
processes and allowing for an extended gas envedopend the plasma fed directly by
outboard puffing. An initial survey of dischargesttwsuch input has been undertaken, by
adjusting for each one both modegland wall recycling coefficient as functions of tirre
order to match experimental signals for volume-ager electron densityng (m™>) and
estimated global ® emission 41A,Cp, = { I'°/(SIXB)° + P2/ (“S/IXB”) P?}. Here A, (m?)

is the separatrix surface area, (photonsn?sr's™) is main-plasma B radiance[| (s
are ionizing fluxes of respective neutral particlasd ratio of atomic rate coefficieffts
(S/IXB)° = 14. One issue is that effective molecular emissioctofa (“S/XB")°? does not
reduce to such a simple number owing to terms jaiog first through molecular ionization
(€ + D, ~ 2e + D,"). Sensitivity to this parameter is consideredoitofving results.

2. Coredeuteron confinement timeT;

A sample of 67 MAST outboard-puffed plasmas has beedelled, comprising mainly
double-null-diverted with some centre-column-linditeases, while encompassing both Ohmic
and neutral-beam-heated operation. Gas inputs segarately calibrated using a validated
ionization gauge for injection into the vessel wikh plasma or fields applied. Core fuelling
efficienciesg crucially represent neutral-particle penetratioroas the separatrix, but become
distinguishablé” since they affect absolutesy most, wheread(ng)/0t is more sensitive tg .
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Over the ranges examined ™= R expt model
e?¥=0.1 were found to be adequate ;;#9472 I DS
throughout, perhaps consistent with “: ooy 1~ ...,&.,,':"_"'.Zf,A_C:q,l,\é;/r.%- I
fuelling always from the tank reservoir. w . e - AE
Good matches to observed(t), 0 plasma density (10'%m?) E
4nA,?(t)ch,(t) were 'then found tp be 2- ,,,,,, Dalpha _54
possible by adaptingr(t) plus just ;H L N\_<— emission (10%)s) =&
atomic desorption coefficiergign(t), ie  2¢ e i12
each atom striking wall surfaces has agg ‘ puff (10%%ls/s) —> _fo

probability O<ppp<1l-po of 5¢ - .
returning as half of a thermal molecule, ., £ taut g ] E
where reflection coefficientp,p = 0.5 i ]

.. . . 25 7
(and similarly for iong = pri = 0.5) is : ]
assumedl. In the absence presently ofog_ -
actlve Slnks on MAST’ pumplng |S 045_ atom dESOI’ptiOﬂ coefficient _E

therefore simulated by the fraction0.3¢
1-pmo—pap Of atoms adsorbed at theg'f? [—'—'7:
walls. Initially (“S/XB")P?= (S/XB)® 0.0k

has also been adopted, as suggested in"

other recent studié$, but primarily Fig.1 Example model fit to experiment for a

because this implies minimum possible MAST Ohmic DND plasma =0.1 and
molecular density in the vacuum tank assuming (“S/XB™)2 = (SIXB)°).

N2 (M), thus upper bounds on and
persistence of wall sinks.

0.1 0.2 (s) 0.3 C.4

A typical calculation is shown in Fig.1, actually an Ohmic DNDhiésge. The sudden step-
down of gas puffing®o. (electrons ) at 0.18 s in this instance provokes a rapid rise in
particle confinement, illustrating that generallyends to be highest when fuelling is lowest,
and vice versa. In complete gas turn-off experimentan even become arbitrarily large, as
plasma density is sustained for very small sources, so thaaliie is only defined with
substantial uncertainty. These 3 such plasmas are consequently éxithrdesubsequent
regressions. Principal-component analysis over the whole remainiagetidinds strong
correlations between computag,, line-average electron density (m™3), and®y,, o only
one of these can be chosen as a regresgois also anti-correlated with confined plasma
volumeV, (m®). Furthermore magnetic fiel (T) varies too little for any dependence upon it
to be identified. For the NBH cases alone, which were all in L-nvatle auxiliary power
Pne (MW), ®qy: exhibits almost exact anti-correlation with plasma curtgikA). Taking
these restrictions into account, regressions separately on thehB8ii¢ and (27) NBH results
during steadiest phases yield :-

1" (ms)= 32x107 1 4V, 0P 0 0% ; " (ms)= 35x107 BV ** @ 2% (g =0.).
Interestingly these recall the negative current podier dependencies of neo-Alcator and
L-mode energy confinement tintg respectively. However, an equally large fractidrihe

variance over all (64) cases, irrespective of hgasicheme or configuration, is removed by
the single variable fit :-

1, (ms) = 53x10" n,)"° (g=01),
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1000 which is superior in this
H)  MAST outboard-fuelled plasmas respect to alternatives against
N (er=0.1) f,, or ®oy, Or even with four
o degrees-of-freedonPyy, |p,
& Vp, ®Pout. This outcome is
100 summarized in Fig.2, and
%w strongly suggests tank-gas
— o oy had )
2 . % GEW density is the dominant factor
o @ oﬁe‘; < affecting  majority-particle
8% £o O@‘% confinement on MAST. Also
10 K % b superimposed are 6 sample
° discharges repeated with the
O T, (S/XB D, =14 = S/XB_D) + - limiter contrasting  assumptidtl
O T, (S/XB_D, = 40) open - double-null (“SIXB”)P? = 40.  Although
O T (EFI) Ohmic NBI Np2 is necessarily raised and
1 Ti lowered in each instance,
1.E+16 1.E+17 1.E+18 1.E+19 1.E+20 the same trend is remarkably
tank-gas density (D, m™) well preserved. Accompany-

) o ) ing estimates ofte from
Fig.2  Variation of calculated particle (and energy)ef|T reconstruction, shown

confinement time withnp, over all cases. (Instances {og in turn point towards a
2 500 ms not included in regression (dashed line). Labelledimilar decrease for higher
point is the single H-mode modelled so far.) values offp,.

3. Wall pumping

In Fig.1 a monotonic rise of inferrgmp(t) throughout the pulse is seen, which is typical of
results obtained. This is consistent with expected depletion ofsimds as adsorbed wall
inventory Ny(t) (atomsn?) accumulates. Starting valugso (Nwg) at t=0 is roughly
inversely correlated with the duration of prior inter-shot helium-giisseharge cleaning, but
depends also on the history (density, power) of immediately precediogadjes. Plotting
pao(t) against computdd Ny (t), exemplified for a selection of results in Fig.3, hence allows
maximum capacitfN,c = Ny(t) setting the point at which pumping runs opdp(= 1- prp =
0.5) to be deduced. Saturation of wall sinks broadly indicates a linear rise of desorption :-

N, - N

Pao(Nyw) = Papo + A= Pro _Pdoo)ﬁ :
which would actually imply available surface sig® occupied by impinging atoms at the
greatest rate possibfé In MAST, regular boronization with trimethylborang used to
improve surface conditioning, such that adsorbiageils consist largely of an amorphous
mixture of carbon and boron. From Figl8,.=1.0-1.5x10°°Dm™, so forf deuterium
atoms accepted per wall-surface particle, then cegimiately J ~ (Nuwc/f) (Vin/ Na)?* = 6/f
monolayers are able to participate in pumping du&rdischarge, wheM, = (Vin© + Vin®) / 2
(m® is the mean molar volume of C and B angislAvogadro’s number. This rather limited
capacity would be an impediment to more prolongedrmpas on MAST, unless their density
were kept low, or significantly more efficient flieg methods (eg pellet injection) were
employed, or both. RecaM,,. will also be reached more quickly if physicallys(xB")"? >
(S/XB)®, sincenp, and associated wall fluxes are then higher foivargne. However, an
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in-vessel divertor with closure o5
and cryopumping will be
installed in a future upgrade of
MAST, providing for pumping

Saturation of wall sinks

0.4

=
. (] .
and plasma density contfdl g |
which practically will never § o3
c ] ——8066 - 1 min GDC
degrade. -%_ II | ——8715 - 3 min GDC
S T 15,8660 - 5 min GDC
4. Conclusions g 02 %5035 - 5 min GDC
IS 8071 - 5min GDC
. . L2 ——9465 - 5 min GDC
Interpretative global modelling ® o 9036 - 5 min GDC
of majority-particle balance on ——8629 - 8 min GDC
8068 - 8 min GDC
MAST suggests core 8067 - 8 min GDG
confinement time t1; varies 0

0.05 0.55 1.05 1.55
wall inventory (10% atoms m™?)

inversely with outboard gas-
puffing rate, being higher when
®oyt is lower, and vice versa. In Fig.3 Calculated rise of wall desorption with adsol
addition, steady-statet; is inventory for selected cases (all DND, sorted by
governed chiefly by surrounding GDC/ plasmadensity).Dashedinesaddedor guidance.
molecular densitynp, in the

large vacuum tanky O np, °, irrespective of configuration or heating scheme. Such
susceptibility is close to expectations for constant core fuedlificiencye as construed, plus
roughly constant contemM;, sincedNi/ot=0 = N;/Ti =g S np,. The large alteration im
inferred (Fig.2), which is much greater than modelling uncertajritiesefore probably does
reflect a genuine change in particle behaviour, viz ion efflux temdse for a givenrne with
stronger fuelling from the surrounding gas envelope. A similar trernted by estimated
energy confinement time, at least for higher valuesgf This emphasizes the importance of
minimizing tank-gas density to optimize performance, something vdaiclbe accomplished

for a given steady plasma density only by improving core fuellifigiexicy!”! (and not by
stronger pumping), eg using inboard puffing, or ideally deep pellet imjecThe main
qualification is that so famp, has only been calculated. Measurements during MAST pulses
will become available with a screened fast ionization gauge, navg aplemented. The
wide variation innp; already predicted for existing conditions (Fig.2) will be checkeg;g!

to verify the global model and to resolver Bmission by molecules (“S/XB*. Maximum
inventory of wall pumping will also be confirmed. Longer term, plasteasity control in
sustained high-density discharges will be ensured by supplementitediwall sinks with a
closed, cryopumped divertor.
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