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Fusion Power Plant System
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Radial Build in Fusion Reactors
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Radial Build in Fusion Reactors
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Blanket Functions

® Power Extraction

To recover energy from the emitted radiation and reaction products

- Convert kinetic energy of neutrons and secondary gamma rays
into heat

- Absorbing plasma radiation on the first wall

- Extracting the heat (at high temperature, for energy conversion)

® Tritium Breeding oo

To breed tritium required in the D-T reactor core P ow S oL

- Tritium breeding, extraction, and control L i

- Having lithium in some form for tritium breeding § NG|

§ ! \\./\
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Blanket Functions

® Physical Boundary for the Plasma
To sustain a sufficiently clean plasma domain
- Physical boundary surrounding the plasma, inside the vacuum

vessel
- Providing access for plasma heating, fueling
- Must be compatible with plasma operation
- Innovative blanket concepts can improve plasma stability and

confinement.

® Radiation Shielding of the Vacuum Vessel
- To shield the surrounding structures and personnel
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Blanket Concepts

« Solid Breeder: Lithium in a solid form
« Liquid Breeder: Lithium in a liquid form

Solid Breeder Liquid Breeder

Li,O, Li,TiO5, Li,ZrO;5, Li,SiO, Liquid Li, Liquid metal, FLiBe, FLiNaBe

- Chemically stable

- High stability

- High compatibility with
structure materials

- Low radiative damage
- High Tritium Breeding Ratio
(TBR)

- Chemically active
(erosion of structure material)
- Instability of liquid Li
- Flow vel. Reduction due to
MHD pressure loss
(Electrical insulation needed)

Radiative damage by neutrons
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Blanket Concepts

® Solid Breeder Concepts

- To have the lithium-containing tritium breeder as non-mobile
and to reduce tritium inventory:
M.A. Abdou et al, Nuclear Technology 26 400-419 (1975)

- Always separately cooled

- Coolant: helium or water

- Solid breeder: lithium ceramic (Li,O, Li,SiO,, Li,TiO5, Li,ZrO;)

- A neutron multiplier is always required to achieve TBR > 1
(with the possible exception of Li,O) because inelastic 1000
scattering in non-lithium elements render

100 Pt LI (na) t

s-Section (barns)

Li-7 ineffective. N\ )
Only Beryllium (or Be,,Ti) is possible " \\ A
(Lead is not practical as a separate multiplier). ‘ \\/\

- Structure is typically - (n;n,a)“-\
Reduced Activation Ferritic Steel (RAFS). ) i

1 10 100 1000 10* 10° 10° 107

Neutron Energy (eV) 14
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Blanket Concepts

® Liquid Breeder Concepts
- Many liquid breeder concepts exist, all of which have key feasibility
issues. Selection can not prudently be made before additional R&D
and fusion testing results become available.
- Type of Liquid Breeder:
Two different classes of materials with markedly different issues.
a) Liquid Metal: Li, Li;;Pbg;
High conductivity, low Pr number
Dominant issues: MHD, chemical reactivity for Li,
tritium permeation for LiPb

b) Molten Salt: Flibe ((LiF),-(BeF,)), Flinabe (LiF-BeF,-NaF)
Low conductivity, high Pr number
Dominant issues: Melting point, chemistry, tritium control

What is Pr number and why is it important?
What are Flibe and Flinabe? .
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Blanket Concepts

® Liquid Breeder Concepts

- Type of cooling

a) Self-cooled
Liquid breeder circulated at high speed to serve as coolant.
Concepts: Li/V, Flibe/advanced ferritic, Flinabe/FS

b) Separately cooled

A separate coolant, typically helium, is used.
The breeder is circulated at low speed for tritium extraction.
Concepts: LiPb/He/FS, Li/He/FS
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Blanket Concepts

® Liquid Breeder Concepts

- Type of cooling

c) Dual coolant
First Wall (highest heat flux region) and structure are cooled
with a separate coolant (helium).
The idea is to keep the temperature of the structure (ferritic
steel) below 550°C, and the interface temperature below
4800°C.
The liquid breeder is self-cooled; i.e., in the breeder region,
the liquid serves as breeder and coolant.
The temperature of the breeder can be kept higher than
the structure temperature through design, leading to higher
thermal efficiency.
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Blanket System

® Blanket system: blanket Tt XX, &2}t
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Blanket Structure

® 4t 87| %0 HZ 1 mm YO
02 7 Ao DHSAT L SHR

® Neutrol multiplier: (n, xn)-type material
DO X S-8Xete| BtS S floff S2t=0;
=X 0f| Hy K]

® Breeder: SHIA| = &0|| HYX].
HIALE SEAE BOH L 2 0| 851H7| {5
SHIZY HHO = GFA| HYX].

® Reflector: graphite & AHE.

Graphite shell Coated particle
(Fissile material a. fertile material)

UO3 + ThO2
or

Neutron Multi{ﬂier bed layer
Be or BeTi Al oy(¢§l2mm)

Tritium Breeder bed layer
Li,Ti0s5 or other lithium ceramics,

First Wall
(F82H)

Japan DEMO 2001
solid blanket concept




Blanket Structure
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Blanket Structure

Neutron Multiplier bed layer
Be or BeTi Alloy(¢§l2mm)

Tritium Breeder bed layer
Li,TiO5 or other lithium ceramics,

First Wall
(F82H)

Japan DEMO 2001
solid blanket concept
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Power extraction in a blanket




Power Extraction

® Energy Removable from the Blanket

Eb = b( anfu + Erad)+z EnI
I

Blanket

Energy
Extraction

————————— b

Plasma Heating:

-

v
(n,xn) - reactions

n(Li,T) ofn)
(n,y) - reactions

Energy flows into and from a fusion reactor blanket

b: blanket coverage
factor depending
on the specific
blanket geometry

E.: total energy
released by an
[-type neutron-
induced reaction
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Power Extraction

® Neutron Power Distribution

- Energy deposition varying with the depth of blanket penetration
- The trend must be considered in designing the coolant flow pattern
and also in calculations of breeding, radiation damage, and

activation. b8
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Power Extraction

® Neutron Power Distribution

°Be + n —» 2n + 2He - 2.5 MeV
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® Blanket Multiplication Factor
- Generalising energy enhancement in blankets

-M, =1.3-1.8
bf E +ZE ZJRH,Qn,d3r For D-T fusion and
M. = " | " _b A assuming lithium as the
o fE —PT IR Q. d°r only neutron reactive
T g substance in the blanket

QnﬁnanGNGNn(Vn)vndvnd?’r+Qn7“an7N7Nn(Vn)vndvnd3r
—b+ Vb Vn Vp Vy

fr ot Qi I NN, <ov>,d °r
v

C

b: blanket coverage factor depending on the specific blanket geometry
f,: fraction of the fusion energy carried by the neutrons
E.,: total energy released by an /-type neutron-induced reaction




Power Extraction
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Power Extraction
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Power Extraction
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