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GOLEM sessions

O Play with THE GOLEM and get
used to operation, the command
line & wall conditioning.

O Figure out position stabilisation.
O #50108 — Reference shot-5.78 ms
O Chase a flattop regime.

O Characterise the energy
confinement time.
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Position conirol system

O Main initial limitation for plasma duration.

O A lot of trial and error — not much success.
O #50109 to #50115

O Engaging position stabilisation too early Kkills

the plasma
Plasma current I, and Chamber current I
F — 1, || #50113
L0 — Il Pos Stab engaged at 2.5 ms.
1257 Too strong (-20V)
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Our results

Radial position

Vertical position

Bottom

Change polarization of the terminals.
Positive voltage: Move plasma to LFS or top.
Negative voltage: Move plasma to HFS or bottom.

We could use more power in the Radial position.




Current stabilisation

First contact

O Trial and error: started with a simple waveform with
maximum voltage

O Surprising behaviour of the plasma once the
stabilised current appears

. i #50121
Radial position Current Stab engaged at 7

ms.
Too strong (20V)

- Plasma presents a
weird behaviour at the end

Vertical position

Bottom




First contact

Radial position

O Voltage for current stabilization reduced
to 1 V.
1 Plasma presents less oscillations. Vertical position
O Plasma keeps tending to the HFS and the
top of the vessel.
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Current drive in a tokamak

O
O
.ﬁ O A tokamak is said to be like transformer. ITER central solenoid
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Current Drive: The GOLEM case

Current stabilisation off - #50151

O 1.4 powered with capacitors. ,
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s Current Drive: The GOLEM case
-5 O 1.4 powered with capacitors. ‘
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Current Drive: The GOLEM case

O 1.4 powered with capacitors.

f 5 LCST
RCST

Buryanec, Jan, private communication

O Theoretical prediction left as further work AA,

2

|3

L 1 Main Current Drive coils
| Py ;

o
| B
E V ¥
1 7]



Ad-Hoc approach

O Current stabilisafion
influences magnetic flux
| through the centraliron.
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O Al,(V¢s) still unkown.
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¥ . B at the end of the discharge.

Effect of current stabilisation on plasma current /,
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Insight into AL, (V)

Effect of current stabilisation on plasma current /,
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O First small flattop!
O We get aninsight into AL, (Vcs).
O AL, « Vs 2




Happy idea

Effect of current stabilisation on plasma current /,
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O Not only limit the current, but also drive it at the beginning.
O ~11 ms of flattop 1?
O More insight into AL, (V;5) 2
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O Engaging the current stabilisation seems to reduce I, overall.




|

:IC__D Flattop application

U Effect of current stabilisation on plasma current /,
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O O Trying to improve the shot by Torino University.

O GOLEM was having a tantrum that day.

O Tried very simple current stabilisation.
O Mild flattop.
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Objective

O Determine if there's a relation between the energy confinement time and the
toroidal magnetic field.

Methodology

O Measure plasma current, loop voltage, and toroidal magnetic field by means of
different diagnostic methods.

O Determine energy confinement time for different shots with different values for
toroidal magnetic field.

O Study the relation between energy confinement time and toroidal magnetic
field.
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Diagnostics

Plasma
current

Loop voltage

Photocell
ith H, filter

B~

Rogowski ™
coil (L) B, field coils
& small B, measurement coil




Physics behind

O Energy stored in the plasma

1
W, = §eneTeVp

O Energy is lost in the plasma. In GOLEM
Pheating = Ploss = —

W
Tg

O So, the energy confinement fime
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Physics behind

O For the electron density

n. — 2pOVch
¢ kgToV,

O For the cenftral electron temperature
T, = 0.9R™2%/3

Spitzer’s resistivity
O Other parameters:
O V, = 0.06 m
O V., =0.15m3
O Ty=300K
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Resulis

Energy confinement time and toroidal magnetic field
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Conclusions

O Current and position stabilisation can extend plasma duration (and can also
reduce it if incorrectly applied).

O Flattop is challenging to attain analytically, but we gained good intuition for
heuristic operation.

O The energy confinement time is increasing with the toroidal magnetic field.

O Holes in the vessel significantly diminish plasma performance.

Future work

O Real control for automatization of position stabilisation.

O Develop full theoretical analytical expression of plasma current drive and
current stabilisation.

O Enjoy the flattops at GOLEMII




Advancing fusion education

12:21:05 #50955 (GetReadyTheDischarge)
‘Chamber: p=5.28/5 mPa,T=30.0°C

'Charging: U Bt=474/800V,U cd=456/450V @1000 us
On air:GOLEM pls work we love you <3
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