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Fig. 8.25 Equilibrium vapor
pressure for various wall
materials versus temperature.
For dashed curves read the
top temperature scale (Based
on data of Honig and Kramer
1969)
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Table 8.10 Thermal properties of various materials. Data are from Behrisch (1972), Table |

R

v Nb Mo C SS 34
Z. atomic number 23 41 42 6 18 % Ci
A. atomic mass (gm/mole) 50 94 929 9504 |2 8 % Ni
pm. Mass density (kg/m°) \\2_3_2@/ 8570 9.010 2,250 7.900
- Ny, atomic density (10 atoms/m”) 693 556 565 113 8.6
Ty melting temperature (K) 2192 2.688 2,883 (vap.) 3925 1,400
AH. heat of sublimation (eV/atom) 300 K 533 1.5 6.83 R2-104
S00K 527 743 678
1.000K 516 7.28 6.63
1500 K 496 7.4 648
2000K 475 697 63
k., thermal conductivity (W/m K) 500 K 3?3_} 56.7 130 80~-100 19
1000 K(386) 644 112 49-64
1500K 447 721 97 40-50
2000K 509 790 88 3040
cp. specific heat (J/kg K) S00K 500 280 234 1.200 SO0
1,000 K C640 5 300 290 1.670
T500K 700 330 330  1.800
2000K 850 370 380 2,000
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Table 1

M. Merola et al. / Fusion Engineering and Design 85 (2010) 2312-2322

Summary of main blanker design parameters.

Parameter

Value

Number of BMs

Typical module dimension

Max allowable mass of one
module

Tortal mass on BMs

Coolant type

Inlet temperature (*C)

Inlet pressure at chimney
bulk head {MPa)

Minimum FW panel flow
velocity (m/s)

Minimum SB flow velocity
(m/s)

Materials
Hear sink of FW panels
Armaour
Pipes and hydraulic
connections
Shield black

Design heat flux on FW
panels

Max neutron damage in
Befhear sink/steel
pipe/SB

440
ld4mx 1.0m x 0.45m
45t

1530t
Water
100
3.0

1.5
0.8
CuCrZr-1G alloy

Beryllium (S-65C or equivalent)
316L

€

316LN)-IG
1-2 and 5 MW/m? depending on location

1.6/5.3/3.4/2,3dpa

First Wall

Be tiles

\

50 mm

Fig. 3. [llustration of the basic FW panel structure and fingers. Left: normal heat flux fingers (concept with steel cooling pipes). Right: enhanced heat flux fingers (concept
with rectangular channels).



Djverter

inner Locking
System Inner Vertical Target

M. Merola et al. / Fusion Engineering and Design 85 (2010) 2312-2322

Quter Vertical Target

Inlet and
Qutlet
Pipe Stubs

2317

Umbrella

W Outer Reflector Plate
3500 mns uterRefiecto

Fig. 6. Divertor cassette assembly.

Outer Locking
System

Cassette body and supporting
structures of PFCs
Heat sink of PFUs
e 4 Armour
Pipes
Pins of multilink arrachments
Inner and outer locking system.:
nose and knuckle
Hard cover plates of divertor rails
Shear pins of hard cover plates
Design load for target in strike
point region
Design load of targer in baffle
region
Min critical heat flux margin
Thickness of carbon fibre
composite (CFC) at end of life
Plasma-facing surface area

Fig. 8. Vertical target (top) and dome (bottom) medium-scale prototypes.

Table 2
Summary of main divertor design parameters.
Parameter Value
Size
Toroidal extent of a cassette 6.67
Number of cassettes 54
Coolant type Water
Inler remperature ("C) 100
Inlet pressure at pipe stubs (MPa) 4.2
Max permissible pressure drop 1.6
(MPa)
Max permissible total flow rate 1000
(kg/s)
Materials

S5 316L(N)-IG and XM-19

CuCrZr-1G alloy

CFC. pure sintered and deformed W =

316L
63200 Ni-Al bronze
63200 Ni-Al bronze

Steel 660

CG3200 Ni-Al bronze
~10 MW/m?
~5MW/m*

14
>4 mm

~180m?
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Fig. 8.47 Operating temperatures of some structural materials. Arrows indicate favored
materials (Zinkle and Ghoniem 2000)
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ACRONYM
ADIP

ATR
BANG
BCSS
BHL
CCT
CLIRA
CRFPR
CRAL
(=]
BAFS
ReTT
d.c.
Beno

dpa

5 EBR-1T
Ecai

@-p.
BrrI
BIEC

ETR
E&0
Ferr
FriF

LIST OF ACROMYMS
DEFINITION

Alloy Development for Irradistion Perfermance =% FHIT

Argonne Hational Labaratory FWB
Advance Test Reactor GA
Brookhaven Accelaraztor-Based Heutron Geparator GETR
Blonket Comparison and Selectian Study HEDL
Brookhaven Hationai Laboratory HFBR
Centar Cracked Tensfon - HFIR
Closed Loop in Reactar Asseshly HFR
Compact Reversed-Field Pinch Raactor THG
Chalk River Hatfonal Laboratory INGRID
Continuous Wave . Ins
Damage Analysis and Fundamental Studies INTOR
Ductile Brittle Transition Temperature ¥ 1PKS
Direct Current ITR
fusion Demonstration Reactor JAERT
Department of Eneray JET
Displacesent per atom JHTR
Devterium-tritiua : AR LK
Experimental Breeder Reactor-11 ~ LAPE
Electron Cyclotron Resonance Heating LAKL
End of Life LASREF
Electro-Potential LLAL
Electric Power Research Institute LOGA
Energy Technology Engineering Center FARS
Engineering Test Facillty KCF
Engineering Test Reactor HOAG
Fusion Engineering Device HFR
Fusion Engineering Research Facility WFTF =T
Fast Flux Test Facility HFTF-B
HHD
RIT
HITR
MOTA
HIR
HURR
HBTHS

Fusion Matarials Irradiatioa Task Facility
Flrst Hail/Blanket

GA Technologies, Inc.

Gensral Electric Test Reactor

Hanford Engineering Development Lzhoratory
High Flux Beam Research Reactor

High Fiux Isotope Reactor !

High Flux Reactor

Intense Meutron Generator

Intense Neutron Generator for ﬂatﬁlltinnj[ndu:ed Damaga

Intanse Heutroa Source

intarnational Torus

Intense Pulsed Heutron Source

Ignition Test Reactor

Japanese Atoafc Energy Research Enstitute
Joint European Torus

Japan Materials Testing Reactor

Xarlsrube Ring-lon-Sourca Meutron Generator
Los Alamos Heson Physics Facilfty,

Los Alamos Matfonai Laberatory

Los Alamos Spallation Radiatioa EFfer.ts Facility
Lawrencs Livermore HWational Laboratory

Loss of Coolant Accident

Hirror Advanced Reactor Study

Magnetic Confinesant Fusion

KcDonnell Douglas Astronautics Cospany
Hagnetic Fusion Reactar

Mirror Fusior Test Facility Upgrade

Mirror Fusfon Tast Facility (Tandem Configuration)
Magnetohydrodynamic

Messachusetts Institute of Technology
Massachusetts Institute of T-c!molbg Reactor
Materials Open Test Assembly

Materials Test Reactor

University of Hiszouri Reactor

Heutrallzed-Beam Intensa leutron Spurce

HAL
HSBR
OHTE
ORELR
aRIC
ORHL

7 ORR

=¥ OHR
PCA
']
Rrea
RCS

REF

=¥ TS
SCTO-F
SHS
TOF
TETR
TFR

THE
TSTA
ucLA
uis

UWRAX-1

lzval Ressarch Laboratory
¥ational Jursau of Standards Repctor
Ohmically Heated Toroidal Exporimant
Oak Ridge Electroa Linear Accelarator
Ook Ridge Isochronous Cyclatron

Oak Ridge dationai Lzboratory

Oak Ridge Research Center

Ouega West Reactor

#rize Candidate Alloy

Puisad White

Research and Development

Rapid Cycifng Synchrotron

Radiation Effects Facility
Reverse-Field Pinch

Fiald-Reversed Theta Pinch

Rotating Target Neutron Source
S‘fng!e C2i1 Tschnology Desonstratfon Facility
Spailation Neutron Source

Technalogy Development Facility
Transmission Electron Hicrascopy
Tokamak Engineering Test Reactor
Tokamak fusion Test Reactor

Tandem Hirror R=ictor

Tandea Hirror Experiment

The Next Step

Tritiua Systems Test Assesbly
Absoluze Tesperature of melt (K or R)
University of Calffornia-Davis
Unfversity of Callfornfa-Los Angeles
University of Mew Mexico

Ultfmate Tersile Strength

Oniversity of ¥isconsin

University of Wisconsin Tokamak Conceptuai Design
Vertical Tast Assemb)ies

%eapons Neutron Research Factifty
Yield Strength
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Tofernational Fusion Mat'ls Trradietion Facility

DEMO IFMIF is tailored to the
7 =\ . - fusion specific neutron
spectrum and He
production rate ...

O CO Do 19985
<EP-Dengn « 2001
— TEMD “reon readtor

n-flux density [10™”

10° 10° 10 10° 10

Neutron energy [MeV]

Fig. 8.42 Comparison of predicted IFMIF and DEMO neutron energy spectra (Rieth 2008, From
work by A. Maslang. KIT)

The capabilities of IFMIF will be:

High flux region (V = 0.5 L) > 20 dpa/a

Medium-flux region (V = 6 L) >1 dpa/fpy L fry = full power yedr ]
Temperature control

Miniaturized specimens

Post-irradiation examination (PIE)

Availability >70 %.

First phase: 3 years, half-intensity

e Screening candidate structural materials ([ So-Yr q[utc i f"‘y
e Calibrating data from fission reactors and ion beams. ?’ '

|
Second phase: 20 years, full power test facility et
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Fig. 8.43 The International Fusion Materials Irradiation Facility (IFMIF 2004)

The mein IFMIFif;‘i;;ehrs :

—» 2 D* beams each

40 MeV, 125 mA

Beam deposition area on target 0.2m x 0.05 m
Jet velocity 15 m/s
Average target heat flux I GW/m®
Li flow rate 130 Us
Pressure at Li surface 107" Pa
Hydrogen isotopes content in Li <10 wppm
Impurity content (each C. N. O) <10 wppm
Structure §§-316
Back wall replacement period 11 months
Other components lifetime 30 years
Availability >95 %

Anosther future facility - ‘ |
The Européan. Spallafim Seure (ESS) ;» Lund, Sweden :

. o
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Fig. 9.6.1 Energy dependence of
experimental desorption cross sections:
(a) *He™ incident, carbon monoxide on
nickel; (b) *He™ incident, hydrogen

on tungsten; (c) “He™ incident, hydrogen B (d)
on molybdenum; (d) H™ incident,
deuterium on nickel (Taglauer, E., in
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