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Thermal power plant - basic principle

The question:

?? WHAT TO BURN ??



Harnessing the Sun’s (star’s) energy

On the Earth the most feasible candidate:

2
1D(10keV) +3

1 T(10keV) ⇒4
2 He(3.5MeV) + n(14.1MeV)

−→ Confine & Heat & Diagnose ←−



Fundamental forces inventory



Three ways to confine plasma



Confinement geometry?



Magnetic confinement - Tokamak
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Tokamak GOLEM for Education - Historical Backgroung



Tokamak GOLEM - engineering scheeme



Insertion - LC circuit



Tokamak GOLEM - basic



Tokamak GOLEM + vacuum pumping system (100 kPa
→ 1 mPa)



Tokamak GOLEM + working gas management
(H2 or He)



Tokamak GOLEM + B (toroidal magnetic field)
Plasma confinement



Tokamak GOLEM + CD (toroidal electric field)
Plasma heating



Tokamak GOLEM + breakdown the neutral gas
plasma creation



Tokamak GOLEM + plasma stabilization
vertical magnetic field



Basic plasma diagnostics in tokamak GOLEM

Data Acquisition System based on:



Unique remote operation capability

Control PC

WWW server

HTML & CGI scripts

WWW control 
interface 

Virtual control room
(remote participation)

WINDOWS via putty

LINUX via ssh
or ssh+X tunnel 

(advanced mode)

internet

*Magnetic confinement
*Breakdown pulse
*Current drive
*Plasma stabilisation

-Plasma ingnition & maintaining

-Vacuum & H  management
-Baking system
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OpenSSH server

OpenSSH server

SSH control 
interface

Data presentation

HTML (www pages)

Data handling

*wget
*gnuplot
*idl
*mathematica
*matlab
*etc...

Tokamak room



Central electron temperature estimation I [1]

The current density of plasma is

j = E · σ (1)

where σ is the specific conductivity of plasma given by

σ(r) = 1.544 · 103 · Te(r)3/2

Zeff
, [Ω−1m−1, eV] (2)

and the electric field E is assumed constant in the poloidal
cross-section:

E =
Uloop

2πR
. (3)

Plasma current is obtained by integrating current density over the
plasma column:

Ipl =

a∫
0

E · σ(r)2πrdr . (4)



Central electron temperature estimation II [1]

For the electron temperature, we assume a polynomial profile

Te(r) = Te(0)

(
1− r2

a2

)α
(5)

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

Te(0) =

(
R

a2

8 · Zeff

1.544 · 103

)2/3

·
(

Ipl

Uloop

)2/3

. (6)

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

Te(0) = 89.8 ·
(

Ipl [kA]

Uloop

)2/3

≈ 230 eV . (7)

The effective ion charge is assumed as Zeff = 2.5.
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Compass



JET



Plasma discharge in tokamak



Joint European Torus (diagnostics)

Compact, VUV camera

Active phase

neutral particle

analyser

14MeV Neutron

spectrometer

14MeV Neutron spectrometerDivertor spectroscopy

Neutron activation

2.5MeV Time-of-flight neutron spectrometer

Reciprocating probe (a)

Charge exchange

recombination

spectroscopy

Reciprocating

probe (b)

High energy neutral particle analyser

Bolometer cameras
Hard X-ray monitors

Neutron yield profile monitor and FEB

Hard X-ray

monitors

Compact, re-entrant

soft x-ray camera

Compact, in-vessel

soft x-ray camera

Time-resolved neutron yield monitor

CCD Viewing and RecordingNeutron activation

High resolution X-ray

crystal spectroscopy

JG99.68/3c

Bolometer

cameras

Endoscope

2/3

1/2

8/1

7/8

8/1
6/7

5/6

7/8

4/5

3/4

Active phase

soft X-ray cameras

O-mode microwave interferometer

X-ray pulse height spectrometer

VUV spatial scan

VUV spatial scan

50kV lithium atom beam

VUV and XUV spectroscopy of divertor plasma

Fast ion and alpha-particle diagnostic

LIDAR Thomson scattering

Divertor LIDAR Thomson scattering

Laser injected trace elements

Multichannel far infrared interferometer

Grazing incidence XUV

broadband spectroscopy

Bragg rotor x-ray spectroscopy;

VUV broadband spectroscopy

Electron cyclotron emission heterodyne

Active phase

soft X-ray cameras

14MeV Neutron

spectrometer

Fast ion and alpha-particle diagnostic
2.5MeV Time-of-flight neutron spectrometer

Edge LIDAR Thomson scattering

CCD viewing and

recording

Neutron activation

Time resolved

neutron yield monitor

Divertor

spectroscopy

H-alpha and visible

light monitors BremHard X-ray monitors

E-mode reflectometer

Correlation

reflectometer

Divertor gas analysis

using Penning gauge

2.5MeV Neutron spectrometer

The challenge of characterising extreme conditions of nuclear fusion plasmas both spatially and temporally
has inspired JET to produce an impressive array of diagnostic techniques. Drawing from fields as diverse
as neutronics, spectroscopy, lasers and microwaves, JET is a leader in the art of measurement.”

Andrea Murari, Task Force Leader - Diagnostics.



Fusion power at the JET (DT fuel)



ITER



Tokamak.cz
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Winter school of Plasma Physics - Marianska 2011
(Tokamak, probably COMPASS, with NBI )

Thank you for your attention

http://golem.fjfi.cvut.cz,
you and your students are welcome
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