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Demanding conditions at the outer strike point

@ 7 MW/m? uniformly on the whole conical surface
(frustum), for <10 s. Reaches easily 10 MW/m?
locally, or more, with due account of gaps and
actual wetted fraction

<@ lack of active cooling
M. Missirlian (1-04)

@ dB/dt <100 T/s during abnormal events (“disruptions”);
halo currents <19 kA /module (a tile pair)
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<@ purely metallic
R. Mitteau (1-05)

@ Limits - scenario development to
reach the goals of the scientific programme

N.B. the full divertor row named “tile 5" or W-LBSRP is
Outer strike point (OSP), about 4 m? large, but the plasma footprint on the tile
an heavily loaded place typically extends to ~20mm only in poloidal direction
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Top to bottom description

HFS
2 tungsten tiles /module

4 stacks ftile

®» © © ©

module lifted to show adaptor
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@ chronological order

@ mimic the former,
3D shaped CFC tile
to get close
to its performance

@ challenge, esp. with
“not so adequate”
properties of tungsten

@ from original requirements:
bolt down a simple tile
as strongly as possible...
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Standard tungsten lamellae

B>  Segmentation of the tile for thermo-mechanical and electromagnetic reasons

Lamella height determined by heat capacity
(vertical temperature gradient, internal stresses,
maximal temperature of carrier)

2D profile for lam-to-lam shadowing o

@ Lamella length also from thermo-mechanical
considerations

@ Lamella thickness determined by realistic
toroidal castellation

sSpacer recess

@ Appropriate cuts, both toroidal and poloidal, prevent
large eddy current loops

poloidal rear slit to minimise @ Path provided at the bottom for the high
thermo-mechanical stresses halo current ( <120 A/Iamella)
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Standard tungsten lamellae

B>  Segmentation of the tile for thermo-mechanical and electromagnetic reasons

2D profile for lam-to-lam shadowing

spacer recess

poloidal rear slit to minimise
thermo-mechanical stresses
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TungSten lamellae: phySiCS J !mswuwesmmum

& Amount of tungsten has an impact on total tolerable energy Egep @nd on the cooling time

- mass > 2100 kg
- Cp, s --- ; Observed Af ., ~ 2700-3600s

@ Power handling in first approximation through definition of max. temperatures, esp. Tw.surf

) thermal shocks: G. Pintsuk (O-12
& Material strength (0-12)

2 Why so complicated? irradiation: Y.Ueda (1-09) ~ Recrystallisation of tungsten
(time dependence, from ESPE [1], NACHTIGALL [3]) A
_ i pure W
Tungsten material rather unfavourable:
- refractory metal: RpO.Z (yield strength) not ok i \ I s
- excursions through DBTT at low T temperature, 60 16
re-crystallisation threshold at high temperature | S R g 3}
30 4 30 o
. . o
- use in compression only (c,<150 MPa) 20 | I —_— {o 8
undetectable »
. c
B> accounts for complexity o} o {0 2
1E D 1 1 E
1000 1100 1200 1300 1400 1500 Tg /°C o
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Tungsten: yield strength
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Tungsten lamellae: stacks

1400°C

mill

Prototype stack for exposure in the JUDITH-2 Sequence of special lamellae for exposure
e-beam facility in the MARION ion/neutral beam facility

Twsurfmax = { 1200°C, 1600°C, 2200°C }
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6, <0, in plane (¢, 1)
6,>0, in plane (/,¢)
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incident field R 14.5 15 FLAT
» 0.7
LWF: /
5.9
1 hx +8x sin Oy
= 1 — > :
™WF = U= ot el 500

@ 2D profile optimised for 6, ~1°-3°
) Tolerances take O(gyro-radius) into account

@ Cover (0,,0 ) pairs to approach the CFC case
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) Physical sputtering = out of present scope, bulk material
& Melting > J.W. Coenen(l-20 on Friday), K. Krieger (1-21); tried to consider in present design

) Monitor W spectroscopically in front of the tile 5 divertor row

Ionization of W atoms and W™ ions by electrons

L Vainshtein', I Beigman', Ph Mertens’i, S Brezinsek?,

A Pospieszczyk? and D Borodin?

'P.N. Lebedev Physical Institute RAS, Leninskiy prospekt 53, 119991 Moscow,
Russia

Institute of Energy and Climate Research - Plasma Physics, Forschungszentrum
Jiilich GmbH, Association EURATOM-FZJ, Partner In the Trilateral Euregio

Cluster, Jiilich, Germany

s.B
o omitted 10 3- P

Abstract. lonization cross sections and rate coefficients of the atom W and the ion
WT by electron impact are calculated for the electron energies from thresholds to
300eV. The Coulomb-Born method with exchange and normalization (by the reduced
K-matrix method) is used. The contribution from excitation of autoionizing levels to
the single ionization as well as of inner shell ionization to the double ionization is also
calculated.

Results for W are compared with experimental data and were found to be in
agreement within 15%. A similar accuracy is expected for the W atoms.

PACS numbers: 95.30.Ky, 95.30.Dr, 52.25.Vy, 52.25.Ya, 28.52.Fa
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Tile carrier (wedge)
@ Wedge shape given (tilt 16.8°)
@ Deep cuts prevent eddy current loops

@ Best possible material within budget:
Inconel alloy 625

@ Pre-loaded; dimensional tolerances for the
tungsten tile:
0.3mm plasma-facing surface to base carrier

+/- 50um lamella-to-lamella

T =600°C

max,carrier

Jisible cam Sony 3X

during pulse MARION after pulse (pyrometer view)
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Gap gun Position: C3

Module 4W to Module 4W on C 6141-4_0
measured gap = 11.6mm
measured step = 2.6mm

4

N

=4==Lamallae profile

! == Plasma_facing_surf 1
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Start_leading_tile

& =4y _val Trailing Tile
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Clamping scheme (tenseqgrity)

@ Combine clamping and integrity of the tungsten stack

Com

pression ~1 kN ‘

(thermal expansion

in the order of Tmm at most)

Clamping: 250-300N pull /bolt

@ Tungsten in compression only

(to the largest extent)

) Limits shifted slightly to the supporting

structure

Ph.Mertens
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Intermediate washer
(IW) = top of springs
\

insulating s

disc springs

clamping
Top of shims chain [

tungsten lamellae
(tile surface) ¥
W, surf

hims

~a

nut

T

springs,max

= 330°C
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Target holder

Newly developed
scraper (protection

Tungsten . !
stac?< — _D"'eCtlon of
(prototype) Incident beam

With special thanks to
D. Nicolai
P. Chaumet

Vacuum vessel
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W-LBSRP

»"> Test of shallow wing in MARION completed

- Tw tile, max < 1955°C (2050°C at 66MJ/m?)

all TC measurements estimated +7%

B Tlnconel carrier, max >600°C
excursions too large (up to ~10%)

-T = 317-349°C

springs, max

for the nominal E, of 60 MJ/m?

- Stay ~10% below 60MJ/m?
which is now a hard limit

#) JOLICH

FORSCHUNGSZENTRUM

>250 pulses in total
>230 pulses with Egepositeq > 38 MI/m?
>180 pulses with Egepositeq > 55 MI/m?

MARION 21374-0024

......
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W-LBSRP

Ph.Mertens
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Evolution of the temperature after the plasma pulse (t =0 is end of pulse)

temperature /°C

600

500

400

300

200

100

60 MJ/m?

| | |
— wedge row 3 (profiled dep.)
— wedge row 4 (uniform dep.)

---wedge row 4 (profiled dep.)

— top of shims
— top of springs

|

\
%

400

800 1200 1600 2000 2400 2800 3200 3600

time /s
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More to the physics goals (esp. scenarios)
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»» Realistic deposition profiles (poloidal extension):

q(MW’”_z ) _ 3 B¢,m 1 Sill(a + Bl )
4 m Bp.m 2ﬂﬂsrrike cos el

and

q(MW’”_z): 3 B¢,m 1 Sill(a’ + Bl)
4 m Bp.m 27TRsrrike cos eJ_

region,

where &, =14.96R

strike

The following parameters were specified

—  Am=5 mm, Byu/Bym =0.335;

- the central dowel in the adaptor (and wedge) is at R=2.667m

= Rstart-Rend=100*cos (16.8°)=96mm.

Ph.Mertens

exp

exp

—36.683, and a=0.7 degrees. Scaled to Q=60 M J/m?, 10s pulses, 2700s pause.
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~1.044(R-R,,, ) B

2™ tan 6, } , in the SOL

m p.m

A

3.132(R-R,,,.) By

2 tané, } , In the private

m p.m

Rend
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Various cases of energy deposition (scenarios)

60MJ on stack 3, uniform deposition

(@)

11
179 467 756 1044 1332

60MJ stack 3, exp. decay

(b)

59
241 653 1065

1890°C
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1890

60MJ on stack 3, 150MJ total (sweeping over 2+3+4)

(d)

1525°C
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() High rate of change of the magnetic field + high heat loads + fully metallic + inertial cooling
—> avoidance of (worst case) disruptions (Lehnen 1-23), strict observance of operational limits

) Strict observance of operational limits difficult : diagnostic requirements and T, after plasma pulse!

>§> Recommended scenarios include sweeping and a radiative fraction f,_4 ~0.65

>

>>> The limit on the deposited energy density Egq, <60MJ/m? is a coarse indication:

- the time span of deposition for a given energy is very important <2s TW,Surf (tungsten tile) high, but
beneficial for carrier, cooling time...

>10s low Ty s high, but...

- similarly, the effects of sweeping depend on poloidal extension and on the goal
(more Eg,, lower tungsten temperature...)

- keep an eye on the impact on the cooling time (including influence of initial conditions)

&) Caution with extreme values of (6,0 )
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PSI 2012:
http://fz-juelich.de/psi2012/

20th International Conference
on Plasma Surface Interactions 2012
Eurogress, Aachen, Germany, 21. — 25.05.2012

Institut fur Energie- und
e ech P

Kli

(IEK4)

Aachen

SOFT 2012: http://www-soft2012.eu/

B Welcome

B Program

B Dates & Deadlines
B Committees

B Publication “
B Call for Abstracts (4

Bl Registration s i N _1
B Travel & Venue S

B Touristic Information
B sateliite Meeting

B Downloads

B imprint

Start: 20 May 2012, at 16:00 h (pre-registration)

s th

End: 25 ™" May 2012, at 14:00 h (end of closing session)

Continue ...
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sl sl
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Symposium on N, -
27th edition — September 24-28, 2012 — (Belgium]

JULICH

For questions regarding the
scientific program please contact:

Dr. Sebastijan Brezinsek
Forschungszentrum Jilich GmbH
Institute for Energy and Climate
Research — Plasma Physics (IEK-4)
Phone: +49 2461 61-6611

Fax+49 2461 61-2660

s brezinsek@fz-juelich .de

For organizational questions
please contact:

Jan Adamczak
Forschungszentrum Jalich GmbH
Consultant Events and Marketing
Phone: +49 2461 61-8024

Fax: +49 2461 61-5333
j-adamczak@fz-juelich.de

Beate Schmitz
Forschungszentrum Jalich GmbH
Consultant Events and Marketing
Phone: +49 2461 61-3838

Fax: +49 2461 61-5333

bea schmitz@fz-juelich de

News

Key dates

Overview

Conference programme

Contribution upload and
Abstract submission

Fusion technology forum
Organizing committees

Transport and
Accommodation

Venue
Social programme

Previous SOFTs

Overview

The objective of the Symposium on Fusion Technology (SOFT) is to exchange information on design, construction and operation of
fusion experiments and on the technology for present fusion machines, the next step and future power plants. \ith the
construction of ITER now starting, fusion research is making a big step forward. ITER, with its demanding requirements, is
expected to be a major topic on this symposium. SOFT includes oral and poster presentations as well as an industrial and R&D
exhibition.

The expected attendance is up to 1,000 delegates from all over the world, active in university and research laboratories on
subjects dealing with fusion devices, especially with the construction of ITER, as well as in industrial manufacturing. Scientists,
engineers, developers, users and students are offered an opportunity to exchange views, visions and experience and to establish
fruitful business contacts.

Language

The working language of the SOFT is English.

Fusion Expo

Here's a link to fusion expo.



