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18C. A Tokamak Reactor Design
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Fig. 18C3.

scheme.

The pressurized water coolant from the blanket flows to a steam generator,
and the rest of the steam cycle is similar to that of a conventional pressurized
water reactor (PWR) power plant. The net plant efficiency = 1200 MW/4000 MW =
30 % is limited by the low outlet temperature of the primary coolant. Other
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TABLE VII[ = FINTOR-D Blanket Paramelers

Total wall loading (M'\‘[/n'xz)
Neutron wall loading (MW/m"™)
First wall
- total neutron flux (n/cmzu)
- fast ncutron flux ( 0.8 McV)(n/cm a)
- neutron damage (dpa/y)
- helium production (ppm/y)
hydrogen (ppm/y)

Energy amplification in blanket
Maximum power densily in the lithium (chmj)
ileat deposition (MW /m)
lst row
2nd row
Coolant temperatures (OC]
L st row inlet
outlet
2Znd row inlet
outlet
Coolant preasure {bar)
Dimensions (cm)
- Vessel unjt inner diameter
thickness
- Cooling Tubes inner diameler
thickness
Length of cooling tubea (m)
Number of cooling tulics {m"l)
Coolant velocity (m/s)
Masgs Flow (lkg/m s)
Average Lithium Temperature ( C)
- lat row
- 2nd row
Maximum wall temperature (OC)
- st row ‘
- 2nd row
Maximum wall streas (MPa)

1.70
1,36

5.6x10
2., 5%x10
20

300
750

450
500

550
500
105
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Thermal Power

Eiectric Power

Power (bl.xnkct)

Power (shield)
Structural Material

Max, dpa rate in lst wall

Max. He production rate in 1st wall

Max. Wall erosion rate
Anticipated first wall life
First wall tempevature (max. )
Max. structure temperature
Carbon curtain temperature
Max. dpa rate in curtain
Lithium iuventory in blanket
T. inventory in blanket

T leakage rate

Coolant

Max. pressurc drop

Helium llow rate

Coolant pumping power
Coolant inlet temperature
Coolant outlet temperature
Breeding ratio

Energy per fusion

Energy attenuation to magneta

5000 MW{t!

1700 MW(e

4232 MWw(tl

52 MW(th)

116 SS

17 y'l

292 appm ¥

0.15mmy

2 years

550°C

634°C

500°C

5 y'1

8 x 10% kg

2.0 g

2,0 Cifa

helium

32 psi

4300 ky/s

100 MW(e)
430°C
650°C

L.19

21,56 MeV

6x108




cold He In Haat hot Ha out TA3LE IX - KFA-Julich Blanket Design
. insulatlon 16 C)
{260 * C) -‘% nsu ‘/

BLANKET

Structure Cylindrical Cells
Cylindrical Cell, outer diameter (m} 0.75 (0.7 for 10% of the
Li- cells)
aupply ducts _:571;.‘\\‘.| Number of Cells in total 1296
.l"Ql".i'_' 14 Number of Cells per Scgment 54
/_/ | ) :h-: | : P z:a'r":m‘! Averaged Blanket thickness (m) 1.0
o 7 AN 20 mm dla. Breeding Zone thickness (m) 0.2
satcor l‘% I:""“ Reflector thickness (m) 0.8
\ N et Re 4 Lost Area between Cells
l:\'”*‘l{" q 0.,8m | B (7) i
YIS HIAY ; First wall side (%
Prassurlzod IS Y
call wall —__| i\\\‘“:'\l ) ! Shield side (%) 40
{Mosgo by |{(;';!\{ l'.‘};{\ 1‘ Thermal Power of a Cell (MW) 3.7
3 \ Y| ¥ i . .
Ue. LI ‘|\${‘] l@":!é’t 61 PRI d Helium CoolanF
pe —wpheres | -Dotail] QM TN R sl Pressure inlet {ba:.-)D 20
HEx | |('\‘-i\\'( X RN B Temperature inlet (" C) 260
‘{ e ; A G Temperature outet (°C) 710
0”:'. Sl Breeding zone | {4114} iq 0.2m Mass Flow per Cell (kg/s) 1.58
(splral wound}{ ERVEY & £ F Max. Mat. Temp, in Blanket (metals)
Comugatsd Walla IV} JOUUUOLU CUCUELA L t . ‘(°C) " & 700
o v 4 — Gilm Replacement of Cells . individually
| 15 Wall (Mol [\ . K Fixing of Cells in shield, bayone: joinu
BT LiiBe . «+0.75m ¥ :':O;::':] Rel. Pressure Losses in Helium (%) 3.6
' tructure
Blankol Call B REPRESENTATIVE BLANKET CELL
FIGURE 1l - KFA-J@lich - Blanket Cell Mate rials .
- Outer cell wall Molybdenum
- let Wall cooling structure 5§
- Annular duct ' ss
- Containment breeding zone Vanadium
- Reflector Graphite
Outer Shell diameter (m) 0.75
Wall thickness outer shell
- Cylindrical part (mm) 3
- lst Wall {(mm) 4

Helium-Pressure Loss in Cell (bar) 0. 74
Helium-Flow Velocity In/Outlet Ducts 100 m/s
Surface Area in Breeding Zone (m%)  6.95
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Fig. II-i. Isometric view showing the inboard and outboard blanket ségments of a
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Fig. 1I-2. Isometric view of multilayered ceramic breeder blanket design with

toroidal cooling and both Li,O breeder and Be neutron multiplier in the form of
sintered blocks ‘



ITER

TABLE II-1. BLANKET OPERATING CONDITIONS AND/DESIGN

GUIDELINES
PHYSICS TECHNOLOGY
PHASE PHASE
FUSION POWER, MW - 1100 860
NEUTRON WALL LOAD, MW/m? (MIN/MAX)
INBOARD 0.4/1.1 0.3/0.9
OUTBOARD 08/15 0.6/12
DT FLAT BURN TIME, s UPTO400 2300
MINIMUM DWELL TIME, s 200 200
NUMBER OF DT PULSES 104 5x10%
DT FLUENCE GOAL, MWa/m? 0.05 3
OPERATING TEMPERATURE LIMITS,’C
AUSTENITIC STEEL (316)
STRUCTURAL COMPONENT <400
SHORT TERM OFF NORMAL <800
AQUEOQUS INTERFACE <150
CERAMIC BREEDER TEMPERATURE RANGE
Li,0 370 - 1000°
LiAiO 450 - 900
LiyZ:6, 370 - 1000
BERYLLIUM <600

' Special attention should be given to avoid mass transport above 800°C.
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TABLE VILL3 THREE DIMENSIONAL TRITIUM BREEDING RATIO
FOR DIFFERENT BLANKET VERSIONS WITH DIFFERENT DATA
BASE

Data Base ENDFB-TV ENDF/B-V
Blanket Configurations 3-D Estimation }3-D Estimationf3-D ZaTculation

Two breeding zones with
Liz{) blocks 0.90 0.84 0.81

Three breeding zones with
L120 blocks 0.98 0.92 0 ees--

Two breeding zones with
Li20 pebbles 0.87 0.81 0.78

TABLE VIL1-7 NEUTRON BALANCE FOR THE LEAD LITHIUM

BLANKET
DT neutron source 1.00
(EE)(n. 2n) - neutrons 0.42
Capture Tritium local
by zones Breeding TBR
Inboard 0.27 0.13 0.69
Outboard Blanket: 0.97 0.70 1.04
Divertor Regions 0.18
TOTAL 1.42 0.83

LY&’P D. Smcth, etak, |bick, ]



CANDIDATE MATERIALS

Component

Candidate Materials

Structural Materials
First Wall/Blanket

Divertor

Tritium Breeding Materials
Ceramic Dreeder

Metal Breeder Malerials

Aqueous Lithium Salt

Breeder

Neutron Multipliers
(n,2n)

Plasma Facing Materials
Carbon based Materials

High-Z coatings
Low-Z coatings

Ceramic Insulators
Oxides
Nitrides

Type 316 austenitic steel (SA)
Type 3/6 austenitic steel (CW)
MN stabilized austenitic steel

Copper Alloys
Molybdenium Alloys
Niobium Alloys

Li.ZO
LiAlO,,L1,8i104,Lin ZrO4
83Pb-17Li entectic Alloy

LiOH,LizNiO«; (solutions)
Beryllium
Lead

Nuclear grade carbons
pyrolytic graphite
carbon fiber composites
Tungsten
Beryllium

AN

MgAL,0,,BcO
3Ny

Ref: D. smitl, etal., “ ITTER Blanket | Thield
awd Matorial Det Rate " TTER Do comandatioSeries,

I\)O. 29,

TAEA(991).
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Fig. 8.29 Offset yield stress 600

versus dose for EUROFER97 a

and F82H steels irradiated at 500 -0 [ ]

300-355 C and tested at R I . e ———— A
300-350 C. Full symbols

®
represent BOR60 (fission & 7 T_=300-335°C
reactor) experimental data. = W0 g ~
and open symbols are from x - T = 300-350°C
previous studies. The solid ’ : s
line is a least square fit to the A EUROPERY?
EUROFERY7 data, and the 100 L
dashed line is just a guide to 0

the eye (Gaganidze et al.
2011, Fig. 1)
[Nete: EVROFERGT =
Fe-9C-1W-p2vV=-0.12Ta
avd F82H = Fou RCr-2W =0.2V-0.04 T )
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(Gaganidze et al. 2011, Fig. 4)
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Fig. 8.31 Creep rupture time of F82H and EUROFER at various temperatures. Mod9Cr plate
data is plotted for comparison (Tanigawa et al. 2011 Fig. 4)

—

" produced by powder metallurgy”
3. cxide dispersim strevshtened (0DS)) RAFM steel:

_ Afgﬁ-ﬁwm creep [imit may be improved 1o T~ 550~750 °C

Table 8.11 Comparison of two developmental ODS steels (Rieth 2008)

Advantages Disadvantages
12-16 % ODS Higher temperature Anisotropic mechanical properties
ferritic steel
Better oxidation resistance Lower fracture toughness
9 % ODS Nearly isotropic properties after Limited to T < 700 °C
martensitic steel heat treatment

Better fracture toughness Scalable Marginal oxidation resistance at high
fabrication temperature
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by melting

Melting temperature
Density
Thermal conductivity

3.696 K
18,950 kg/m’
113 W/(m K)

i ; i 0.2
Poisson’s ratio
Young's modulus 370 Glz;_h o
Thermal expansion coefficient 4.5 x
Fig. 8.32 Effects of
increasing power flux (rop to Damage threshold --
bottom) on tungsten surface Thermal expansion,

(based on Coenen et al. 2010)
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however, at hisk Tamppatares (v (000 °C ), Trifium refention
(s smnificantly reducecd ; can endure +p about [ -20dpz.

2 Silicon Carbide ( typieal fober thickness '7-/2/071)
- net as good as g rephite for thermal Shock |, but pas
better stability Undsv edrrm (rredickion

Table 8.13 Properties of silicon carbide composite (Chen et al. 2008; Snead et al. 2011)

Density pm kg/m® 2,500
Porosity % 10
Specific heat ¢, Iikg K 600
Poisson ratio 0.18
Thermal expansion coefficient x K™ 3E—6
Thermal conductivity k Wim K 5-15
Young's modulus E GPa 200
Electrical conductivity & (Q m)‘l 20

— $iC Composite frrst well with Ph i coolant cen endure
up to oo dpr [ £pY ([ fPY < Full povser yoar) with a Abutrm
wall (oad of & MW/m* avd gavmte vpty 10T appm(He) /Gy



§. Silicon Carbiole Ccomt'd )

D@[an’ Fig. 8.35 Fluence- 1000 +—
dependent evolutions of :

swelling and thermal g Kateh (2010)
conductivity of carbon vapor @ ™ 2 300°C
deposited (CVD) SiC (Katoh ‘% 100 l‘: s
et al. 2010) 2 4 '
= @ t t ;
e G i ; . .
F . . 'f’ 2 f RT Thermat ol . ; i
Note: Mhigk fonpemturt,  F 10y cosenm Ty T oal g
€.3. op-800°C, 2 f
> ¢
o el conduchivityT 3 ' 5 % v
buf‘ g 1 ‘% Swelling
e 5’w&m‘ﬂj J' g _ y
L K &) : ;
iR o |
> E o1 .
] P 200
£ ;
[= -
- +
x
0.01 + - S )

0.0001 0.001 0.01 01 1 10 100
Nautren.  Fluence [dpa]

432 T. J. Dolan

Table 8.15 Advantages and disadvantages of SiC
Advantages
Low decay heat
Low tritium trapping
Low radioactivity of pure SiC
Low chemical reactivity
Good electrical insulator
Disadvantages
Low thermal conductivity
Irradiation damage at high neutron fluences not quantified
Compatibility with PbLi uncertain at high temperatures
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/1. LFZur'd Metels (Ces, Ga, Sn, L& )

~ good o use in hish heat flux areas Aue 1%\
Capabiltties of high heat (oad omel f'nsen:r'-ﬁ‘v‘r‘ﬁ-es
to radiatim. dawage | goud for seif-vepair
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Table 8.16 Properties of Ga, Sn. and Li (Majeski 2010)

Gallium
Z = 31, atomic weight = 69.7
Melting point = 29 8 °C, boiling point = 2,204 °C Q
Liquid density = 6. g cm™>. sp. heat capacity = 0.37 Ilg °C gggd;
Thermal conductivity: 40.6 W/m °C, electrical res. = 140 nQ m fmgl\ power Mmg

- Vapor pressure = 10—7 Torr at 900 °C WA ere

m . B
cyel

Z = 50, atomic weight = 118.7 r"'TV s
Melting point = 232 °C, boiling point = 2.602 °C noT & problem
Liquid density = 7.0 g cm >, sp. heat capacity = 0.23 J/g °C can oplrxte
Thermal conductivity: 66.8 W/m °C, electrical res. = 115 nQ m At higher tewperatnre
Vapor pressure = 10—7 Torr at 1.000 °C

Lithium
Z = 3, atomic weight = 6.9 Can 'F'&Cf [i4=Te
Melting point = 180.5 °C. boiling point = 1,342 °C Smaller
Liquid density = 0.5 g cm ™, sp. heat capacity = 3.58 J/g °C :ﬁ{ Srom m4~(-{-,_,r‘

Thermal conductivity: 84.8 W/m °C, electrical res. = 93 nQ m
Vapor pressure = 10—7 Torr at 400 °C
Hydrogen diffusivity ~ 10~ cm%/s

- Phli 1s preferred over L as breeder aund coolant.
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Fig. 8.47 Operating temperatures of some structural materials. Arrows indicate favored
materials (Zinkle and Ghoniem 2000)





