n Reactor Technol

(459,761, 3 Credits)

Prof. Dr. Yong-Su Na
(32-206, Tel. 880-7204)




Introcuction

Text and References:

- AA. Harms, K.F. Schoepf, G.H. Miley, D.R. Kingdon, "Principles of Fusion
Energy", World Scientific Publishing Co. Pte. Ltd. (2000)

- AN|I7| OrArS| 2, HERi2 59 &, 278 B EAF (2001)
2 =, Report on Technical Feasibility of Fusion Energy and Extension of
the Fusion Program and Basic Supporting Research (2000)

S 2 At A Conceptual Study of Commercial Fusion Power Plants,
EFDA-Report (2005)

O|=, Advanced Tokamak Fusion Power Plant ARIES-AT, Report (2000)
2=, 2050H0| EFIHY M E Huse SHEES 7tsA7|7] RI6iA,

Journal of Plasma and Fusion Research (2005)



erm exam: 20%

al exam: 30%
roject: 30%




Reactor Critical Iss
ket Concept
First Wall Loading and Wall Impurity Effe
7. Blanket Neutronics and Energetics
k 9. Radioactivation
ek 10. Blanket Structure and Breeding Materials
eek 11-12. Types of Blanket in ITER and DEMO

eek 13. Plasma Facing Components

eek 14. Fuel Cycle System




eactor Critical Is

irst Wall Loading and Wall Impurity Eff
. Blanket Neutronics and Energetics
9. Radioactivation
ek 10. Blanket Structure and Breeding Materials
eek 11-12. Types of Blanket in ITER and DEMO

eek 13. Plasma Facing Components

eek 14. Fuel Cycle System







- 7 7 -

cC confinement

magnetic
field

Equilibrium in the sun Plasma on earth
much, much smaller & tiny mass!

7

.




Magnetic confinement

—
<7/ :
/,j \— -
I'4 A T
7 A S
I'4 i /_‘.E. “7 N
(.,-f'\/-‘

Magnetic field

ion

>

Magnetic
field




Tokamak
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Plasma needs to be confined
Ro=6.2m,a=2.0min ITER
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Tokamak
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Toroidal Field (TF) coil

Applying toroidal magnetic field
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Tokamak

Electric
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Pdloidal magnetic field required
Plasma current — Tokamak
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Tokamak

Central Solenoid (CS)

AN

Plasma € o

Faraday‘s law

V= —ij B-ds
Poloidal field dt s

Pulsed Operation! »
N —



) p——— N . —— T )
ruised Operation
Faraday‘s law
Plasma Current ]
A
o V=——/|B-ds
: : dt s

'; i i » t(S)
PF Coil Flux . o
[Wb] 4 ii | . Power Supply Limit

» {(S)

Inherent drawback of Tokamak!




/

Tokamak

Adding vertical field

coils (PF)

I

current

I

current

Force

> <

colil coil
25
—




/

PF colls

Tokamak

o
current current /

Force —» ¢— @ Force

\ -
~
coil coill /v& °
X

Plasma shaping by PF coils

/X

26




Tok

ar v v a 'y
(amak
| ASDEX Upgrade

NP Sa b TR T S P L o = 7
/ -
ASDEX Upgrade equilibrium
Y e 2 2

AR s
ot

Ohmic - Vertical field coils
transformer @ — /
\ OH ‘\'.1

———
- -
e - ——

it
R NI

Vacuurm B T THONIN INTTI NI
-1 T i N N T R TP
Vessel [ f”‘ F'-'; TSI I:’ .

X

*"'--_

Toroidal field coils E

OH

Divertor

1.65m




4 3

Tokamak
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Tokamak

Invented by Tamm and Sakharov in 1952
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Toroidal chamber magnetic coil “




Tokamak

Invented by Tamm and Sakharov in 1952
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Cutaway of the Toroidal Chamber in
Artsimovitch's Paper Research on
Controlled Nuclear Fusion in the USSR
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Toroidalnaja kamera magnitnaja katushka
Toroidal chamber magnetic coil 20
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Burning plasma
requirements
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Jurning Plasmse

pd
pd
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REQUINeiments

(Confinement Improvement)

(Improvement of H factor
output Density) 2.7
Normalized
Beta Value 3.7

(Progress in Output)
1.2 Greenwald
< Density Factor

Commercial

Reactor
Bootstrap ggf—+——+ et 0.95
Current Fraction Total Radiation Power
(Reduction of Total Heating Power
circulation Power) | (Reduction in Divertor
(A-SSTR) Heat Load)

Non-inductive driven 1.0 13
Current Fraction

Total Heating Power
(steady-state 1 External Heating Power
Sustainment)

Sustainment Time (Improvement of Burn
Current Diffusion Time Control Performance)

(Steady-State Sustainment)
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