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High-power quasi-steady-state plasma stream was
applied for current disruption simulation in ITER
tokamak and testing divertor materials. Plasma
shielding layer was formed during the high-power
plasma stream interaction with the target surface.

The main aim of present work was analysis of
plasma shield dynamics at the vicinity of target during
the plasma stream irradiation. High-power plasma
stream was generated by powerful quasi-steady-state
plasma accelerator QSPA Kh-50 [1] and injected into
longitudinal magnetic field with strength up to 1T.
Plasma stream parameters in place of target position
were follows: average electron density (2-4)40™ cm®,
maximum power density up to 20 MW/cn’, maximum
proton energy 200 eV, pulse duration 150-170 ns,
averageb»(0,1, 0,2) [2]. Graphitetargetswith diameters
5, 13 and 22 cm were used.

1. Analysis of energy of

around thetarget

Experiments were performed in magnetic field
B,=0.54 T. Energy density distributions in the free
plasma stream, in the plasma shield and behind the
targets were measured by copper loca movable
calorimeter with diameter 5 mm. The scheme of
experiment is showninfig.1.
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Fig.1. The scheme of experiment

We assumed that shielding effects at the process of
measurementsby local calorimeter arethe samefor both
cases with and without targets and for different target
diameters. One can see from fig.2 that the radia
distribution of energy density in free plasma stream is
symmetrical. The value of Q=¢y ,(r)ds in a free

plasma stream is equal 53 kJ (no correction for
calorimetric measurementsin magnetic field was done).
Unsymmetrical distributions of energy density behind
the target (fig. 3, 4 and 5 (®)) can be explained by

influence of target supporting bar on the results of
measurements as far as calorimeter was moving behind
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Fig.2.Energy density radial distributior
in free plasma stream. Magnetic field
H=0.54T.
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Fig.3. Energy density radial distribution
behind the target. Magnetic field H=0.54T
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Fig.4. Energy density radial distribution
behind thetarget. Magnetic field H=0.54T.

supporting bar. The local minimum at the vicinity of the
axis was observed for al radial distributions of plasma
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energy measured behind the targets. For estimation of
thetotal energy of plasma, flowing around the targets,
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Fig.5. Energy density radial distribution behind
the target. Magnetic field H=0.54T.

the energy density profiles were approximated by
symmetrical curves (fig. 3, 4 and 5(@)). In this casethe

valuesof Q = (yr ,, (r)dS estimated behind the targets

were 35 kJ for target diameter £=5 cm, 30 kJ for E=
13 cm and 12 kJ for ££= 22 cm correspondingly.

The total plasma energy measured behind the targets
with different diameters normalized by total energy in
free plasma stream as a function of target diameter are
presented in fig 6. As we can see from this figure, the
ratio Qbehind target/eree plasma stream is decreased with
increasing thetarget radiusfrom 0.6 (for target diameter
5cm) till 0.2 (for target diameter 22 cm).
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Fig.6. Total energy measured behind the
targetswith different diametersnormalized or
total energy in free plasma streamasfunctior
of target diameter.

It follows from fig. 6 that up to 50-60 % of incident
plasma stream energy flows around the target placed in
magnetic field B, = 0.54 T. As we can see from those
experimental results plasma flows around the targets
and doesn’t move to the axis.

The radia distribution of energy density in a free
plasma stream without magnetic field is symmetrical

fig.7. The value of Q = @y ,,(r)dSin afree plasma
stream is equal 66 kJ. The distributions of energy

density in plasma stream without magnetic field behind
the target also symmetrical (fig. 8 (M)) and local
minimum of energy density feebly marked. In magnetic
field By = 0.36 T the distribution of energy density
behind thetarget isunsymmetrical (fig. 8(01)) and can be
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Fig.7.Energy density radial distributionir
free plasma stream. Magnetic field H=0.
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Fig.8.Energy density radial distributionbehinc
thetarget. O - magnetic field H=0; 0 -magnetic
fieldH=0.36T.

explained by influence of target supporting bar.
Without magnetic field about 80-85% of incident
plasma energy flow around the target (fig.8). In this
case (B, = 0) plasma, flowing around the target, moves
to the axis behind the target (the local minimum in
energy density distribution at the vicinity of the axis
was not observed). Local maximum of energy density
behind the target was observed. This maximum moved
outward the axiswith increasing the target diameter.

2. Electron temperature and electron density
in plasma shields.

Electron temperature was evaluated on the base of
measurements of the ratio of ClI1 and CIl spectra lines
intensities. The monochromator MDR 6 of Russian
trade mark with photomultiplier as a recorder was used
for carbon lines intensities measurements. Spatial
resolution was about 5 mm in radid and axia
directions. Intensities of spectral lines were measured
for different distances from the target surfaces.

Electron density was measured by using Stark
broadening of H, spectral line. High-speed photo
camera was used for radiation recording. Spatid
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resolution in radia direction was about 1-2 mm and in
axial direction 8-10 mm.

Typica wavesforms of CllI and Cll spectra lines
areshowninfig. 9.
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Fig.9. Timeevolution of Cll and Cl 11 spectral lines
at thedistance of 7cmfromthetarget surfacewith
diameter 13 cm.

Numerical results, presented in [3] were used for
electron temperature estimation in plasma shield.

The distributions of electron temperature and
electron density along the axis, evaluated from
experimental data, are shownin fig. 10 and 11.
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Fig.10. Electron temperaturedistribution along the
axis. [ - target diameter 5 cm; - target diameter
13cm.

As one can see the electron temperature, evaluated
by ratio CIII/CII carbon spectral lines intensities,
weakly depends on target diameter and equals (2-2.5)
eV for both targets and for distances up to 20 cm from
the target surface.

Plasma shield densities are comparable for targets
with diameters 5 cm, 13 cm and 22 cm. Close to the
target surface the electron density was equal (2-3)x10"
cm”. But at the vicinity of (2-3) cm from the surface it
was decreased down to 9x10™ cm® for both targetswith
diameter 5 cm and 13 cm. While the plasma density
close to the target with diameter 22 cm weakly depends
on distance from the target and equals (1-3)x10"" cm’®.
At the distances from the target more than 10 cm the
electron density was weakly decreased down to 4x10"
cm at the distance (25-30) cm from the target surface.
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Fig.11. Electron density distributions along the
axis.

This value was comparable with the density of
incident plasma stream. Thus the thickness of shielding
layer at vicinity of the sample with diameter a5 cm was
10-15 cm and close to sample with diameter 22 cm was
25-30 cm.

3. Conclusions.

On the base of presented experimental results one
can conclude that plasma shield dynamics and its
parameters are strongly depended on target size.

The plasma flow around the target was observed.
Part of incoming plasma stream and plasmashield flows
around the target. Total vaue of energy, measured
behind the target was about (50-60)% of energy of
incoming plasma stream in magnetic field 0.54 T and
about 80-85% without magnetic field.

The plasma density vaue in shielding layer was by
one order of magnitude higher to compare with plasma
density value in a free plasma stream and depended on
size of target.

The thickness of shielding layer was 10-15 cm for
target diameter 5 cm and increased up to 25-30 cm with
increasing the target diameter up to 22 cm.

Thevalue of electron temperature, measured by ratio
of intensities of Cl1I and ClI spectral lines, was about 2-
2.5 eV and practically not depended on target diameter
and distance from the target surface.
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