COMPASS
INSTITUTE OF PLASMA PHYSICS ASCR jana nerudy

Jaderna fuze v tokamacich a vyuziti COMSOL
Multiphysics v UFP AV CR

Vaclav Sedmidubsky
Scientific supervisor: Mgr. Jan Horacek, dr. és sc

« Jaderna fuze v tokamacich
» Fast divertor sweeping study (rozmitani plazmatu)
« => yyuziti COMSOL Multiphysics

Technical Computing Camp 2017 CR /7.9.2017 1



COMPASS Zdroje energie

INSTITUTE OF PLASMA PHYSICS ASCR

Fosilni paliva Vétrné Vodni piehrady

Vaclav Sedmidubsky: Jaderna fuze v tokamacich a vyuziti COMSOL Multiphysics v UFP AV CR/ 7.9.2017




COMPASS Zdroje energie

INSTITUTE OF PLASMA PHYSICS ASCR

Vétrné Vodni piehrady

g_osilni paliva

Wagner:
-- Vice nez
: "'~20% nelze
z vétru a
solaru
pokryt kvuli
nestalosti

Vaclav Sedmidubsky: Jaderna fuze v tokamacich a vyuziti COMSOL Multiphysics v UFP AV CR/ 7.9.2017




COMPASS

INSTITUTE OF PLASMA PHYSICS ASCR

Jaderna flze

* energie Slunce

* slucovani lehkych atomovych jader

* plasma = ionizovany plyn

* Deuterium + Tritium => He + neutron + E
* nejlenci v pozemskych podminkach
« plasma 150 mil. °C, 1 atm

*  Odpadni latky reakce: Helium, neutrony
- NESKODNE

* Neutronowy tok - radioaktivni komponenty
» za 100 let recyklovatelné

4 000 000 krat efektivnéjsi nez spalovani uhli
« 30 grama H a Li na celozivotni energetickou spotfebu Evropana
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FIG. 1.19. Development of radiotoxicity for a fusion plant, a fission plant and the ash of a coal
plant. It is assumed that all the plants produce the same quantity of electricity. The volume of
coal ash is of course 2-3 orders higher [1.71].
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Inner Poloidal field coils
(Primary transformer circuit)

Poloidal magnetic field Outer Poloidal field coils
(for plasma positioning and shaping)

Resulting Helical Magnetic field Toroidal field coils

Plasma electric current Toroidal magnetic field
(secondary transformer circuit)

Tokamak
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Charges in a magnetic field

ot o
\AJ

fA AT
7N
[/ \j - OO0 g %
lml'u"'{l'fﬂ_&!a'ﬂé.-
l_ PRl
—

alaaratrs B
R, T
I

\-lm v vy
A

HLUKAEA Fusion

Vaclav Sedmidubsky: Jaderna fuze v tokamacich a vyuziti COMSOL Multiphysics v UFP AV CR/ 7.9.2017 5




COMPASS ITER a DEMO

INSTITUTE OF PLASMA PHYSICS ASCR

S TOKAMAK,«% 5 \\\\\\\

e Concept improvements

Technology / materials programme
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% COMPASS

tepelny tok nutno zmensit 20 - 80 krat (fs,p)

metoda rychlého rozmitani strike-pointu
oscilaéni magneticka perturbace

=> zvétSeni plochy dopadu plazmatu

Acps
fsup =1 +\/fsweep *Term *%

fsup =9 7,5 kHz, Agpire = 20cm

1. Toroidalné metricka civk

2. C-civka

Rozmitani tepelného toku

(RO=70cm, R =21cm, N = 40 turns)

Strikepoints
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Magneticke pole a trackovani siloCar
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» magnet. pole tokamaku + C-civky g Y ”{1’ ooy °
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" B Cciwek o (et s S
o -]
* N=40turns, RO=70cm, R=21cm, | =200 kA, 230deg | ;:;mg;o‘;n:g: P
Wi 91 4% 10 1g )
* Aspie ~ 20cm, 7,5 kHz =>f5,, = 9 ITgleRdo o L &
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C-coil parametersy RO=7Ocm,R=21lcm,200kA,230deg, 40%1 turns
Magnetic field lines crossing the C-coil toroidal region shift rightwards,
COMPASS #11880, Left: 20 mapping onto the divertor, Right: 3D field lines: blue dots = perturbed region
Result: all shift by 16-30cm except yellow and black (<Zcm)
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* Model magnetického pole C-civky
> Export do MATLABuU

* Vypocet indukénosti C-civky
2xW,,

> L="7

Surface: Magnetic flux density norm (T) Arrow Surface: Magnetic flux density

m

W, ...magnetic field energy)

for D

Pocet civek

N - pocet zavitl
U - napéti

| = proud

faneep

Wm - ) E mag. pole

L - indukénost

foup=9

COMSOL Multiphysics 5.2a

Toroidally

symmetric coil

54 civek
1

18 kV
400 kA
7,5 kHz
4,3 MJ

1 pH

proveditelné

2*54 civek
7
18 kV
128 kA
7,5 kA

2*1,3 MJ

2,97 uH

proveditelné

2*6 civek
40
914 kV
200 kA
7,5 kHz

2*11,5 MJ

97 uH

neproveditelné
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/7
\é COMPASS C-civka s div. deskou

» (C-civka v komore tokamaku DEMO

*  Wolframova deska (divertor) ,pfed civkou*

» foucaultovy vifivé proudy v desce

» =>vliv navysledné magnet. pole

+ aktualné pracuji na modelu
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* rovna ,nezahnuta“ civka - solenoid "
> N=7,1=25cm,d=10cm
> | =128 KA, fsyeep= 7,5 kHz

Ahir nedostatecny
* indukce foucaultovych proudd v komoie

> NEPROVEDITELNE
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dynamicka studie vifivych proudd na divertorové desce tokamaku DEMO wvytvorené
C-civkou (aktualné probihd) + optimalizace parametri C-civky

divertor z tekutych kova (Li, Sn, ...)
Litzovo viakno ,Litz-wire“ - thermal transfer

COMPASS-Upgrade
+ CAD geometry import
+ Structural mechanics module
* Thermal transfer module
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Uhli 250 viaku
I 2,500,000 1 po 100 vagonech

Ropa barreld tankeris
( 1 barrel=1591)

11,000,000 11 obiich a

Stépeni 28t UD,  1.5vagénu I:;’\x-/“

28t vysoce
radioaktivniho odpadu

Slunecni 1o00mw 5,2

energie enstqie kolektort ’”M

sluneéni

410 kg wyuZitelného helia

] 180 kg deuteria 4 15407 auto i
Fuze ,, kg tritia ﬂ
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Energeticka nezavislost do 40 let?

l WV itERG = 10
Parallel Blanket Concepts

Chinese Fusion Engineering Testing Reactor (CFETR) and Fusion Neutron Science {FNS) facility {US)

4. Tritium breeding

=
5. Safety
‘ i Fuzni elektfina
6. DEMO Construction
7. Low cost Low capital cost and long term technologies
8. Stellarator

ﬁ Mi23s5e10c

2010 2020 2030 2040 2050
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* Mgr. Jan Horacek, dr. es sc. - prezentace ,SouCasny ¢esky a mezinarodni vyzkum nevycCerpatelného zdroje bezpecné
termojaderné energie: proc, jak, kdy, za kolik?”

*  WWW.ipp.cas.cz
*  http://www.iter.org/
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