Schmidr, N.

Cold gas injection serves both the obvious role
of a particle source at the surface of the plasma and
a more subtle role as one element in the process by
which the relative impurity concentration and the MHD
activity of a discharge are determined. 1In this paper
we consider evidence offeored by PLT experiments in
support of these two widely recognized roles.

Effects of Programmed Gas Feed

Deuterium

Following the initiation of low power discharge
cleaning procedures in PLT to remove low Z impurities,
relatively pure deuterium discharges have been pro-
duced. To date13centra1 electron density and temper-
ature of 7 x 107~ cm™3 and 1.5 keV have been reached.
These discharges, because of their reduced low Z im-
purity levels, serve to illustrate the subtle role
played by cold gas injection. Electron temperature
profiles - hence the plasma current distribution -~ and
high 2z impurity levels are both found to depend
strongly on the level of the working gas present at
breakdown and that introduced during the formation
of the current channel. Fig. 1 indicates the depen-~
dence on these gas levels of the total plasma current,
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Comparison of hollow and peaked deuterium
discharges. Peaked discharges are produced
following an increase ($ 5%) in initial gas
levels.

Fig. 1.

and th. electron temperature profile in discharges having
low oxygen levels following low power discharge clean-
ing. At the lower gas level, low temperature dis-
charges are produced, with a sustained rate of current
rise in the initial phase., Hollow electron tempera-
ture profiles are observed. At intermediate gas
levels, the rate of current rise is seen to decrease
following the initial discharge formation. Increased
central electron temperatures are also observed wich
some evidence of MHD activity during the latter part
of the current rise. At this point further increases
in gas levels (< 5%) produce a factor of . 2 increase
in electron temperatures. A decrease in m = 2 activ-
ity and an increase in m = 1 or sawtcoth activity dur-
ing the discharge flattop is also observed. It is
found, that maximum density increase is achieved

by gas injection in such discharges. Still further
increaseﬁéﬂ%’ levels lead to unstable (disruptive)
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discharge of short duration.

Tungsten Concentrations
G

Concurrent wlth increased gas (njection levels
and central electron temperatures, a reduction is nb-
served in tungsten levels {n the discharge as measured
by line radiation near 50 A." This reduction has been
correlated with an increasse in low Z (oxygen and carbon)
impurity concentrations and a decrease in edge ton and
Tungsten levels remain low so
long as high levels of gas injection can be sustained.
At present however, such levels of gas injection cannot
be sustained during the entire discharge (> 0.5 sec} in
hydrogen or deuterium. Although this evidence suggegts -
that gas injection levels, low Z influx, high Z influx §nd
edge plasma temperature are strongly interdcpendent, the
casual relationship and pracise role of the injected
gas is yet to be firmly established.

Helium
" Similar effects are seen using helium as the work-

ing gas.3 In this case, howvever, the helium radtation {t-
self suppresses the tungsten levels. Oxygen influx is

.aleo low and 18 observed to decrease during some discharges

" Relatively pure (Z - 2) helium plasmas can therefore be

produced, with the additional advantage that continued
high levels of gas injection canbe sustained. Ac present,
highest densities are achieved in helium., A rateof in-
crease in central density from 1l to2 xlolb cn”C sec”

can be sustained throughout the discharge, leading to peak
density in excess of 1.5 x 1014 em=3 tn discharges of 40
cuminor radius. For these discharges we address the
question of density bufldup within the discharge core -
whether the process occurs by local jonizatiun or in-

‘ward particle flow. Inorder to answer this question

several calculations have been performed barced on the
PLT experimental results.

Density Buildup
Neutral Densit

Neutral density within the discharge ccre provides
a local ionization source. 1In the absence of signifi-
cant recombination®, penetration by repecated charge
exchange collisions is the process by which suck neu-
tral density is established. The dominant charge ex-
change reaction is that between Helium neutrals and
He++. Because of its size, substantial attcimuation of
charge exchange neutral flux can occur in th: PLT de-
vice at the moderate electron densities vegached in he-
lium discharges. A Monte Carlo technique5 has been
used to calculate this attenuation.

Two separate neutral fluxes are modeled in calcu-
lating the neutral density - a flux of cold scutrals
corresponding to those introduced “.rectly by gas in-
jection, and a flux of warm nev* als, corresponding to
particles recycling at the limiter. A rather high av-
erage neutral energy of 30 to 40 eV i8 obscrved
throughout the density rise by,Doppler broadening
measurements of neutral helium.” A Maxwellian veloc-
ity distribution with this aversge encrgy is therefore

LY

‘assumed for the warm neutrals at the plasma boundary in

this calculation. 1In an effort to fix an nurpor limit
on the helium neutral density within the core of the
discharge, all neutrals escaping from the plasma volume
are assumed to reflect at the wall with no los« of
energy.

The absolute magnitude of the neutral density is
determined by a normalization of the Monte C:rlo D
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" rewnlts, the Moate Carlo procedure In conjectlon with
Thamson scatterlog profiles of densfty and temperature
Is uaedl Lo calculate the vradia) depesidence of the neulral
deasity, f(r}. The volume integral of the source function
associated with f(r) 1a then computed. In the case of
cold neutrals, this integral 1s normaltized to the measured
lnczease {n the particle content of the discharge. nthe
cane of wiarm neutrela, the integral is normalized to the
meaaured particie replacement lossea. Azimithal asymmet-~
ries during the density rise, limit the accuracy with which
particle replacement losses are known for the discharges
considered here. Measurements at 8 aingle location
indicate that replacement times are less than 10 ma
and nearly constant in time.® An average value of 10
ms 18 more consistent with the energy input to the
discharge, and this value is used here. Note that
this value of the particle replacement time is signif-
icantly less than the discharge energy confinement
time indicating that strong recycling of low temper-
ature edge plasma occurs during build up. Such re-
cycling leads to enhanced levels of neutral density
throughout the discharge. Since the recycling flux
doninates the problem, the neutral density acalea
linearly with replacement time.

Fig. 2 displays the results of neutral penetration
calculations at three points in time during the density

rise. Asteady drop in central neutral density occure aa
electrondennityincrenles. At 825 ms (ng (0) = 1.5 x
1014 cn3):
n {(0)
R-no(‘) -31106
o
"
- L ) T A L] T L E
IO"_—
' ]
j
w' -
i! ]
i )
w' :
w* -
n‘ A A 1 " L N A
° [ 0 .0
eltm)
Fig. 2. Neutral density profiles calculated . assuming

cold neutrala at 0.5 eV, warm neutrals at

40 eV,and a 10 ms particle replacement time,
Central electron densliioa and temperatures
were: (79:’-') 3.7 x 1013 730 .V‘MOOIS)
9.0 x 2077, 1200, (825 ms) 1 s x 1039, 940,

Local Source

The source term assoclated with the calculated
neutrzl density is given by the electron continuity
equation. 1In the absence of impurities, thia equn:ion
can be obtninod from the continuity equations for He*

and He't
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where recombination has been ignored. The helium jon-
ization terms dominate Eq. (1) , which may be approx-
imated by:

n s =
o %0 " M so .

The neglect of the Ho* 2iux to the limiter, which
an approximation implies, was found to underestimate
the electron source term by at most 108. The electron
continuity equation i{s then:
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The laat term on the right is the electron source terwm.
The second term is due to the neocclassical mdnch.

Fig. ) compares the calculated electron source
term on axia to the measured change in central density
during the discharge, with increasing density (time in
the figure), the source term is decreased tc a value
more than an order of magnitude less than the observed
rate of density increase, and cannot alone account for
the observed rate.
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Comparison between measured changes in central
electron density and the computed clectron
source term near the discharge magnctic axis.
Density increases were obtained from Thomson
scattering measurements.

Fig. 3
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Lo 7 Impurities

Tonjzation of low Z impurities (principally oxy-
yen) dues provide an additional electron source term.
However, in these discharges the concentration of ox-
yqgen i Jow and its influx rate is decreasing with
time, Preliminary estimates of the ssurce function
associated with thls flux indicate {ts magnitude to be
comparable to the helium source function within the
core of the discharge. The central core of the dis-
charqge must be supplied by an inward particle flow.

Neoclassical Pinch

Since a large fraction of the discharge is in the
plateau regime, consideration of the neoclassical pinch
is warranted. The inward neoclassical pinch velocity,
Vpinchs is calculated by numerically evaluating the
results of Hirshman and Sigmar.? 1in these calcula-
tions, the surface voltage used is obtained from the
vacuum vessel loop voltage. An inductive voltage cor-
rection is included to ohtain the surface voltage. A
one dimensional magnetic field diffusion calculation
i3 used to obtain the electric field, Ez(r), the
poloidal field, Bp(z), and Zeff from this surfaca
voltage, the meagsured slectron density and temper-~
ature profiles and the plasma current. 2.¢¢ is
assumed to be ilndependent of radius. The calcula-
tion is only weakly dependent on the radial varia-
tion of E; for fixed surface voltage and total plasma
current. The dependence o¢n Zoeg s also weak. Fig. 4
illustrates the radial dependence of the dn/dt, source,
and pinch terms in Eq. (3) over the inner 20 cm of the
discharge. The pinch is sufficient in this discharge
to account for the observed density rise on axis; how-
ever, the radial extent of the pinch is seen to be
limited.
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Fig. 4. Radial dependence of terms in the electron
continuity Eq. (3} at 650 ms excluding
diffusion.

piffusion

An understanding of the observed rate of density
buildup requires, ultimately, a knowledge of the mag-
nitude and radial variation of the particle diffusion
coefficient across the discharge. Any proposed me-
chanism requires a complementary diffusion coefficient.
The shape and magnitude of that diffusion coefficient
reflect the validity of the mechanism proposed. How-
ever, such a diffusicn coefficient is meaningful only
to the extent that the mechanism proposed dominates
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the bulldup process.
plnch could produce the measured den-ity 11

particle diffusfon coefflclent were o hidie U dadt .
dependence shown in Fig. 5. Stronp diffusion ot i
less than 10 cm could be consistent with the | < 1 oon-

dition: however, the minimum i{n the region from 15 6
2C cm is not sc easily understond. At late times, this
minfmum value approaches its nevclassical limit fndi-
cating the marginal character of V,(, |, at that peiot.
Note, however, that any anomalous Increase {n the map-
nitude of Vgj.. or the source function would reduce
the required radial variation in che dfiffusivn co-
efficient. Results from earlier helium discharges
produced prior to the onset of liw power discharge
cleaning suggest that a factor of two enhancement in
Vpinch may be required in some cases to explain the
rate of density buildup.
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Flg. 5. Diffusion coefficients required to complement

the neoclassical pinch term.

In summary, calculations based on PLT helfum dis-
charges (ng(0) = 1.5 x 1014 cm=3) tndicate that neutral
penetration by multiple charge exchange collisfons can-
not account for the observed density build up. The
necclassical pinch, possibly with some enhancement,
could provide s substantial density {ncrease withln
the discharge core, but does not in itself account for
the observed profile shape. A self-consistent dif-
fuslon coefflclent and a strong source term are also
required. Diffusion within the interfor of the dis-
charge remains the major unknown in determining
whether or not the pinch is the mechanism by which
density build up occurs.
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