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Observation of disruption mitigation experiments

by an ultra fast framing camera
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Disruptions constitute a major problem for a tokamak openain a reactor scale. The loss of
the stored energy on a short time scale being typical fougigyns can cause a severe damage
to the machine in several ways [1]: (i) excessive thermal$am the plasma facing components;
(ii) electromagnetic loads caused by induced currentsg{eéctromagnetic loads caused by halo
currents (plasma currents having a part of their path in g8 (iv) localized energy deposition
by runaway electrons (electrons accelerated to MeV er@igi®r these reasons elaborated
techniques of softening of the disruption negative coneages are under development. The
simplest and the most promising technique of disruptiongaiton is a massive gas injection.
The present work is focused on the initial stage dynamicssofigtion mitigation experiments.
For this analysis an ultra fast framing CCD camera is usedT[B¢ main parameters of the
camera are: framing rates up to 500 kHz, sensor dimensior@4pixels, dynamic range of
13 bits, memory for 300 frames. The view of the camera coversvhole poloidal cross section
at the valve position and provides a spatial resolution Btin/pix.

The experiments are conducted at the tokamak TEXTOR witbmaaid minor radiR=1.75
m anda = 0.46 m. Gas is puffed into a stable plasma, the parameters ¢dtpet plasma are:
toroidal fieldB; = 2.25 T, plasma curreni, = 350 KA, central line averaged electron density
< ne>=2-10'm ~3, stored energy before the disruptidy ~ 30 kJ,Emag~ 300 kJ. The in-
jections are performed with a fast valve activated by eddyettts [2]. This valve combines fast
reaction time, high flow rate and the ability to be operatea imgh magnetic field environment.
The mitigation valve is situated at a distance @& fin from plasma edge. The internal volume
of the valve is about 25 ml, the operating pressure is up taFHellowing gases and mixtures
are used in the experimenty[He, Ar, D, + 10% Ar.

In general in the disruption mitigation experiments fouc@ssive stages can be distin-
guished, fig. 1: 1 - the gas flow in the vacuum duct; 2 - the spngaof the gas around the
plasma and cooling of the edge plasma, this period being ttowe® called "propagation of
cold front"; 3 - thermal quench (TQ); 4 - current quench (TYhe present paper the attention
is drawn to the stage 2. During this stage the injected gals toe plasma and leads to an in-
stability initiating TQ. The stage starts at the moment wtiengas jet is detected at the edge
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Figure 1:Time traces of the main plasma parameters for the TEXTOR39G&85 an He in-
jection.a - ECE measurements of the electron temperature at the2dred curve) and in the
center (black curve), e\ - plasma current, kA. The time is given in ms relative to ratimn
valve trigger signal.
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Figure 2:The duration of stage 2 for different gasses and initial pugss.

of the plasma and lasts until the time moment of the maximuthetentral temperature decay
rate @Te(r = 0)/dt), i. e. until the thermal quench. Figure 2 summarizes theeddence of
the stage 2 duration on the type of the injected gas and omitiied pressure of the gas. There
are two main mechanisms responsible for the change of therstioration: the first one is the
variation of the cooling capability and the second one isvidugation of the gas penetration
and deposition. Both of these mechanisms can be traced preélsented results. In the experi-
ments with the injection of He at different pressures thdingaapability is varied by the total
amount of the gas, while the deposition is defined by the tieakthe jet. In the experiments at
the same initial pressure but with different gases the fiestlmanism is involved via the atomic
physics of the element and the second via both the atomidqshgsd sound velocity.

The neutral density about 3m—2 on entering the plasma does not allow the jet to penetrate
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Figure 3:a - contour plots of initial gas penetration into plasma. TEXR shot 99685, He 1.5
bar injection, He | filter.Axes are in pixels, 1.5 cm/pix. itoat the position x= 32y =45is
the center of the discharge. The semicircle representsdbgipn of the g= 2 surface. Not all
frames are shown. Time is given relative to the detectiohefdt at the edge of the plasnis:
the shortest distance from different intensity contourthéoplasma center as a function of time.
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Figure 4:Contour plots of initial gas penetration into plasma- TEXTOR shot 99688, He
1.5 bar injection, He Il filterb - TEXTOR shot 100168, He 4.5 bar injection, He 1l filter
TEXTOR shot 100934, Ar 3 bar injection, Ar Il filter. The noiseoroduced by RE induced
neutrons or X-raysd - TEXTOR shot 100936, D+ 10 % Ar 3 bar injection, Ar Il filter. For
further explanations see fig. 8- Magnetic geometry illustrated on the last frame of seqeenc
b . The toroidal magnetic field goes through the paper. The majs of the tokamak is to the
right.

to the center of the discharge at sound velocity. The neataahs are ionized and the ions are
bound to the magnetic lines. The full ionization is probatuy required for the jet stopping be-
cause of the high collisionality in the cold dense cloud. 4usnce of frames of neutral helium
emission A = 7065 nm) recorded with 20s time resolution in the 1.5 bar He injection exper-
iment is shown in the figure 3a. The gas moves from the top gbldema column towards the
center of the discharge and at the same time spreads pdyoliiathe beginning the emission
front moves towards the center with a velocity300 m/s, but at ~ 0.6 ms and ~ 37 cm the
velocity is changed indicating a change in the propagatieahanism, the process is illustrated
in the figure 3b where the dependencies of the radial posifidhe certain intensity levels on

time are shown. In the first 6Q@& the gas is expected to move at sound velocity but after that
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the gas progresses with the cooling front. To convert thesgiom front velocity into the gas
flow velocity the knowledge of the parameters of the cloudeiguired. The frame sequence
of ionized He emissionA( = 468 nm) under the same experimental conditions is showrein th
figure 4a. The maximum of the He Il emission lies approxinya#tlthe same radial position,
however the form of the cloud is different due to the free agieg of the ions along magnetic
field lines. The projection of the magnetic field line onto tised view is illustrated in figure
4e. This geometry creates a misleading impression of loragkal extension of the intensity
contours of ionized elements. An increase of the initial lde gressure from.& to 45 bar
and hence a 3 times higher jet density leads to a deeper ptoetof the gas, compare figures
4a and 4b. The difference in the positions of maximum lightssion between low and high
pressure injections is about 8 cm, in the last case the jetp@img almost to thg = 2 surface.
An energy sink in the vicinity ofj = 2 is known to quickly destabilize the plasma [4], and this
is in fact observed in the experiment: the injection d&f Bar He leads to the disruption about 2
times faster than injection of.3 bar He, fig.2. It should be also noted that at the same time the
total amount of injected particles is increased. Simil#nky faster and deeper deposition of the
cooling impurity is observed in the case 0§ B 10% Ar mixture injection as compared to the
injection of the pure Ar, fig. 4c and 4d correspondingly, veharcomparison of Ar Il emission
(A = 6115 nm) is shown. This provokes the thermal quench earlier Bynts. However to
some extent the high cooling capability of Ar compensatebiv sound velocity and the shal-
low initial deposition as it is illustrated in the figure 4betAr 1l emission front moves radially
with an average velocity of about 130 m/s by the progresdasnpa cooling.

To summarize, the main presented results are: (i) the tiopgned to trigger a disruption is
a strong function of the gas type and the working gas prestwealependence is defined by
penetration depth of the gas and by its cooling capabilityti{e strong correlation between
shorter stage 2 duration and deeper gas deposition is démi@ashowever the effect of the
higher amount of injected gas could not be fully excluded.
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