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Thermal power plant - basic principle

The question:

?? WHAT TO BURN ??



What about stars?



Topit malým Sluncem/hvězdou ??



Vision: Nuclear power plant – a fusion one

credit:[?]

Prague (∼ 1 GW): yearly ∼ a van of D–T mixture

Master the Technology



The 1GW (approx. Prague) annual power requirement



The Sun - Proton proton chain

˙ credit:CSIRO

4 1
1p ⇒4

2 He+ 2 e+ + 2 νe + 2 γ + 26.73 MeV

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_mainsequence.html


Fúzńı 21H - 3
1H (deuterium - tritium) reakce

(nejvhodněǰśı kandidát do pozemských podḿınek)

credit:[?]

2
1H10 keV + 3

1H10 keV ⇒ 4
2He3.5 MeV+

1
0n14.1 MeV

m2H = 2.01355mu, m3H = 3.01550mu, mHe = 4.00150mu, mn = 1.007332mu

m(2H+3H) = 5.02905mu,m(He+n) = 5.01017mu,
pak hmotnostńı schodek ∆m = 0.01888mu.

E = ∆m c2: E = ∆m krát c2mu

e =17.6 MeV

1eV ∼ 11600◦C ≈ 2
1H100 M◦C + 3

1H100 M◦C ⇒ 4
2He35 G◦C+

1
0n141 G◦C



Proč tak obrovské teploty?

Coulomb law:
FE = 1

4πϵ0
Q1 Q2

r2

2
1D(10keV) +

3
1 T(10keV) ⇒4

2 He(3.5MeV) + n(14.1MeV)



Uvolněńı vazebné energie atomových jader

fúze lehkých jader X štěpeńı těžkých jader

2D+3T ⇒4He+1n+ 17.6MeV X 235U+ nthermal ⇒89Kr+144Ba+ 3n+ 176MeV



Milestones to Fusion Power Plant



Education importance



Let’s start with the tokamak GOLEM - the smallest
tokamak in the World with the biggest controll room



The GOLEM tokamak basic characteristics
The grandfather of all tokamaks (ITER newsline 06/18)

Vessel major radius: R0 = 0.4 m
Vessel minor radius: r0 = 0.1 m
Maximum plasma current:
Imax
p < 8 kA
Maximum toroidal magnetic
field: Bmax

t < 0.5 T
Typical electron density:
< ne >∈ (0.2, 3) ·1019 m−3

Maximum electron temperature:
Tmax
e < 80 eV

Maximum discharge duration:
τmax
p < 25 ms



Tokamak GOLEM @ Wikipedia ..



The GOLEM tokamak for education - historical background



Both, fission and fusion training reactors at the CTU

Fusion:GOLEM Fission:Vrabec



GOLEM

... somewhere, in the ancient cellars of Prague,

there is hidden indeed ”infernal” power. Yet it is the very power of celestial
stars themselves. Calmly dormant, awaiting mankind to discover the magic
key, to use this power for their benefit. . .

At the end of the 16th century, in the times when
the Czech lands were ruled by Emperor Rudolf II, in
Prague, there were Rabbi Judah Loew, well known
alchemist, thinker, scholar, writer and inventor of
the legendary GOLEM - a clay creature inspired with
the Universe power that pursued his master’s
command after being brought to life with a shem, .
Golem is not perceived as a symbol of evil, but
rather as a symbol of power which might be useful
but is very challenging to handle. To learn more of
the Golem legend, see e.g. [?].

https://en.wikipedia.org/wiki/Golem


The GOLEM tokamak mission



Tokamak magnetic confinement concept

˙ credit:Tokamak concept@Wiki

wiki:GeneralTokamakConcept


The global schematic overview of the GOLEM experiment



Náš ćıl: vytvǒrit µSlunce v pozemských podḿınkách



Magnetické udržeńı vyžaduje toroidálńı geometrii
Svinutá magnetická nádoba



Muśıme to celé uḿıstit do reaktorové nádoby - komory



Toroidálńı magnetické pole udržuje plazma



Transformátorová akce vytvǒŕı a zaȟreje plazma



Vše dohromady - voilà tokamak



Remote control interface of the GOLEM tokamak

top navigation bar

3D model rendering

rendering settings

sliders and checkboxes

engineering scheme

workflow buttons



Shot homepage (≈ 2 minutes after discharge execution)



On site education - basic laboratory training
(Hands on tokamak experiment)



Remote education: CEA France & Czech Technical
University for Chiang Mai university on February, 2018 )



Remote education (Chiang Mai university students
operating tokamak GOLEM ≈ 8000 km from Prague)



Remote education: Data analysis ..



Remote education: Presentations the day after ..



Tokamak GOLEM - vzdálené ř́ızeńı: 2009-2019 inventura

Studenti z TU Eindhoven, operuj́ıćı tokamak, 650 km vzdušnou čarou

Demonstrace: Ghent University 09; Bochum University 13; Garching 13; Lemvig
High School 14; Instituto Tecnologico Costa Rica 10; Armidale University 17.
Zimńı a letńı školy: French Training Course & EM 12-14,16-19; Bangkok 16-19;
TU Eindhoven 11,15-19;TU Kobehaven 14,15,18;Grenoble TU 15, University of
Belgrade 15-18; BUTE Budapest 10,12-18; University of Padova 14,16,18; TU
Torino 16-18, St. Peterburg University 18-19. Kharkov University 19
Pracovńı seminá̌re Kiten: 14,16,18; Observatorium Valasske Mezirici 14; Islamabad
14.
Ostatńı: Global Tokamak Experiment 10.



Poplatek: pohlednice z ḿısta vzdáleného ř́ızeńı



1997: Světový fúzńı rekord @ JET (EU)

1997:P ≈ 22 MW, Q ≈ 0.65, ∆T ≈ 5 s,
2022:P ≈ 59 MW, Q ≈?, ∆T ≈ 6 s



ITER ≈ 17 billion euros

Fusion power 0.5
GW for 10 min.

Q = 10.

Feasibility.



ITER status update 07/24 ≈ 22 miliard EUR

Odklad dosažeńı plného výkonu o 4 roky na 2039 + navýšeńı nákladů o 5
mld. EUR na 22 mld. EUR:

COVID, RUxUA, chyba Korejc̊u v rozměrech segment̊u reaktoru, naleptáńı
heliového chladićıho potrub́ı, kompletńı vyměna prvńı stěny z beryllia na
wolfram, znásobeńı mikrovlnného oȟrevu plazmatu.



Př́ıspěvek České republiky: tokamak
COMPASS@IPP.CAS.CZ
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Thank you for your attention
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... with the biggest
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