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Tokamak operation - engineer and operator point of view

Theodore Von Karmen (The father of supersonic flight):

"The scientist seeks to understand what is;
the engineer seeks to create what never was.
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Tokamak GOLEM for Education - Historical Backgroung

Kurchatov Institute near Moscow, Culham Centre for Fusion Energy
Soviet Union Great Britain
1960: TM1-MH 1989: COMPASS-D

1974 2006

Institute of Plasma Physics
Czech republic

CASTOR COMPASS
2006: new curricula at FNSPE: 2008
Physics and Technology
of Thermonuclear Fusion

Czech Technical University Prague
?virtual or real experiments? Czech republic
GOLEM



The Golem tokamak - South view (02/12)




The Golem tokamak - North view (02/12)




Unique remote operation capability

Virtual control room

internet sy -
Tokamak room (remote participation)
Control PC
f
WWW control Data presentation
USB & TCP/IP USB & TCP/IP interface
¢ OpenssH server l HTML & CGl scripts| | HTML (www pages)
WWW server —
- plasma DAS opensshserer | | [
-Plasma Uioo =
*Magnetic confinement Ipi " a
*Breakdown pulse B

*Current drive
*Plasma stabilisation
-Vacuum & H, management Tehamber
-Baking system Py,

SSH control
interface
WINDOWS via putt Data handling

lrad
chamber DAS

*wget
*gnuplot

*idl

'[ | *mathematica
LINUX via ssh *matlab
(aavanced mode) | | *etc...




The GOLEM tokamak virtual model

Inner view & Inside chamber
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The GOLEM tokamak virtual Control Room - level Il
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The GOLEM tokamak real Control Room
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Tokamak GOLEM - mission:

m Educational device.
m As simple as possible.
m Low cost.

m Some scientific goals.
m (-: Bombenfest :-)

m (-: Ildiotensichre :-)
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Plasma in Tokamak GOLEM - to do

Magnetic Circuit
(iron transformer core)

e
"

Primary Transformer Circuit
(inner poloidal field coils)

Toroidal Field
Coils

Plasma Positioning
and Shaping Coils

Resultant Helical
Magpnetic Field
(exaggerated)

Secondary transformer circuit
(plasma with plasma current, 1}

Vacuum.
Fill in working gas.

Toroidal magnetic
field to confine
plasma.

Toroidal electric field
to breakdown neutral
gas into plasma.

Toroidal electric field
to heat the plasma.
Plasma positioning
and maintaining (not
ready yet).

Diagnostics.



Tokamak GOLEM - engineering scheeme
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Insertion - LC circuit
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Tokamak GOLEM - basic

LEVEL 0




+ vacuum pumping system (100 kPa — ~ 1 mPa)

LEVEL 0




+ working gas management (H; or He)

LEVEL 0




+ toroidal magnetic field B; .. plasma confinement
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+ toroidal electric field Ecp .. plasma heating
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+ toroidal electric field Egp .. plasma creation
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+ equilibrium magnetic field Bgg .. plasma stabilization
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Basic plasma diagnostics in tokamak GOLEM
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Fast camera CASIO FX1




Fast camera CASIO FX1 - results
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Plasma Position using Mirnov Coils
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HXR (Lenka Kocmanova) (6780-6787)




HXR (Lenka Kocmanova) (6780-6787)
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Rake probe (2012)
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Rake probe (2012) - results

4 020
2 “ 18
H b & ¥ DS o
2 016 I
-4 [
g% 04 i
Tz 8 E '
S 0 2 0,12 . Sténa komoryl
8 12 = 010 " .
s_ -14 '
[ -16 g 0,08 ]
S 8 g I
2 20 2 0,06 '
5 22 T i
o 24 B * 0,04 \ .
264 . o 0,02 ' "
28 .. ' .
AR A e e e S s s s S s X T + T T ‘o +
65 70 75 80 85 90 95 100105110 115120 125130 80 85 90 95 100 105

Radius [mm] Radius [mm]



Spectra
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Tokamak GOLEM - parameter analysis



Central electron temperature estimation | [?]

The current density of plasma is

j=E-0o (1)
where o is the specific conductivity of plasma given by
T 3/2
o(r) =1.544-10°. &, Q7 1m™, eV] (2)
Zefr
and the electric field E is assumed constant in the poloidal
cross-section: y
loop
E= . 3
2R (3)

Plasma current is obtained by integrating current density over the

plasma column:
a

loi = / E-o(r)2nrdr. (4)

0



Central electron temperature estimation Il [?]

For the electron temperature, we assume a polynomial profile

2

where a is the minor radius and T.(0) is the central electron
temperature. Substitution gives us the formula for the central
electron temperature

o) (B8 Zer N ()" (6)
€ a21.544 - 103 Uoop '

For the CASTOR/GOLEM tokamak geometry with a = 78 mm :

lor [KA]

T.(0) =89.8 -
e( ) < Uloop

2/3
> ~ 230 eV. (7)

The effective ion charge is assumed as Zeg = 2.5.
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The GOLEM tokamak real Control Room
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GOMTRAIC outline

m GOlem reMote TRAIning Course.

m Course oriented on basic understanding of experimental
tokamak physics and control.

m The basis of GOMTRAIC is remote operation of the GOLEM
tokamak operated at the Czech Technical University in
Prague.

m Organized for undergraduate and postgraduate students
interested in experimental tokamak physics.

m Participants do not need to leave their country to get
experienced in tokamak operation. They can participate even
from their home. No fee.



GOMTRAIC participants

m Each participant (individual or group) has the following
opportunities:

m Unlimited number of virtual discharges in the tokamak
GOLEM simulator.

m 5 remote off-line sessions with 10 real discharges per task on
tokamak GOLEM (1 session per week).

m 2 remote on-line session with 10 real discharges per task on
tokamak GOLEM.

m optionally 1 in-situ on-line session with 20 real discharges per
task on tokamak GOLEM (for those who are willing to travel
to Prague).

m Participants (individuals or groups) should report their
experimental results and publish them in the GOMTRAIC

book of proceedings.



GOMTRAIC calendar, March to May 2012

1. week: 2 days kick-off event - Introduction, lectures

2. week: The GOLEM tokamak VIRTUAL game - virtual
discharges in the simulator.

3. week: The GOLEM tokamak REAL game - real on-line
remote discharges in the tokamak.

4. week: Specifying session | aims for each task, remote
off-line session I.

5.-8. week: Previous session results analysis, specification
next session aims, remote off-line sessions II-V.

9. week: on-line in-situ session VI.
10. week: Overal results discussion and analysis.
11. week: Reporting results.

12. week: Videoconference presentations of the results,
closing.



Breakdown studies:

Radial profile of floating potential and plasma density
(determination of radial electric field and poloidal plasma
velocity)

Determination of plasma resistivity and electron temperature,
variation with different discharge regimes

Plasma position studies with Mirnov coils diagnostics.
Role of vertical magnetic field on plasma performance.
Spectroscopy studies

First wall conditioning (baking of the vessel and glow
discharge) on plasma performance.

Comparison of tokamak discharges in H and He working gases.

m Generation of runaway electrons at different discharge regimes

by means of hard X ray radiation.
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