% ITER

Power and Particle Exhaust In ITER

n

G. Janeschitz, C. Ibbott, Y. Igitkhanov, A. Kukushkin, H. Pacher, G. Pacher,
R. Tivey, M. Sugihara, JCT and HTs

San Diego 01.05.2001 Power and Particle Exhaust in ITER Slide 1 by G. Janeschitz, et.al.



% ITER

ER ==

[ Outline

€ Vertical target Divertor, SOL and Divertor plasma modeling, impact on the ITER
Divertor design

= | nfluence of divertor geometry on peak power load and He exhaust; operation window

€ Theimportance of the H-mode pededal for ener gy confinement and possible
extrapolationsto ITER

¢ Typel ELM Energy Load onthe Divertor Targets, areTypell ELMsan alternative ?
= extrapolation of ELM energy loads, uncertainties, boundary condition for Type || ELMs

€ Summary and Conclusions

€ Design of the ITER Divertor and Status of supporting R& D (optional)
= HHF components, Cassette body, attachments, analys's, gas conductance to pump
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B ITER

€ Thefollowingdesign
rules have been used
to assess if the space
given to the target
area is sufficient

Theangle of the
vertical target issuch
that the peak
heatflux does not
exceed I TER 1998
design values

(20 MWm2)

€ Thenormal to thetarget wherethetarget interceptsthe 3 cm flux line should point
towardsthe dome

€ Theserulestogether with the allowable thickness of the cassette body (shieding, strength)
define the minimum space requir ed between X-point and VV
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N The B2-Eirene Code Package is used for predicting
the ITER Divertor Performance

€ TheControl Parametersused inthe modd are:
® D (for DT): corefuelling + gas puff at the top, He: production in the core, pumping
from Private Flux Region (20 m3s1 to 75 m3s! were used)

=® C: physical and chemical sputtering (1% yield) at the CFC targetsand / or Ar, Ne, N:
gas puff inthe divertor, all impurities will stick 100% to any surface, no flux across
the core boundary, pumping from PFR

€ Three main scenarios with different power levels crossing the separatrix were
considered

®» 86 MW: 410 MW fusion power; Q = 10 with 40 MW add. heating and 30% core
radiation

=®» 100 MW: 600 MW fusion power; Q = 24 with ~ 20 MW add. heating and 30% core
radiation or Q = 13 with ~ 40 MW add. Heating and 40% core radiation

®» 130 MW: 600 MW fusion power; Q = 9 with 70 MW add. Heating and 30% core
radiation
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ITER
Effect of Divertor Geom«’ ' k Power load
€ A small neutral particlereflector plate €100 MW power
from the core

opposite the 4rike zones enhances
radiation lossesthere and thus reduces

the peak power load on thevertical 2
targets ™
¢ For the peak power it isnot important if v-shape 7
the strike zoneison the vertical target or V-out
on thereflector plate
straight —
e S FE
== V/-out 86 MW

e = \/-in 86 MW

=t FEAT 100 MW

) —@— \/-out 100 MW
2 = :

N S P BT ] —— V-in 100 MW
0.26 0.28 0.3 0.32 0.34 0.36

n [102°m'3]
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becomes
acceptable with a
“V” shaped target

®»Minor
differences for
different “V”
shapes

wWeutral trapping
most important

®»No difference
for helium
pumping

®»Consistent with
JET
experiments
with separatrix
sweeping

& V" recommended
for the ITER design
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Further reduction of the peak power load on the outer target if a

lar ge gas conductance between the two divertor channels exists

& Varying the probability for neutralsto crossthe private % Mm1

region from 0.1 to 1 givesriseto increased neutral
densities at the outer target and thusto enhanced
radiation lossesthere

=® The enhanced radiation spreads the power on alarger
surface and thus reduces the peak power load

® Thisis consistent with JET experiments inthe MKII-GB
with the septum installed
= |n ITER 300 Pam3s?! are needed => consistent with the
design
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% ITER
N Operational Window for “V” shaped Targets and realistic
Conductance between Divertor Channels (= 0.56)

€ Acceptable peak power loadsand He exhaud are achieveablefor up to 100 MW crossing
the separatrix with C targets; for higher powers additional Ar seeding will be needed

» A power dependent density saturation occurs; it may depend on strike zone postion !!
®» He exhaust iso.k. even at peak power loads higher than 10 MWm-2
®» R& D showsthat the | TER HHF components may allow operation above 10 MWm-2

_ He concentration at the
Peak power vs. upstream density  separatrix vs. DT throughput

0.1

15+

—=—C, 86 MW, S=20 m/s

—¥—C, 100 MW, S=20 m°/s

=) —&—C, 100 MW, S=30 m'/s
1

< —#=C, 100 MW, S=40 m/s
Q

7)) L

‘“g —="C, 130 MW, S=20 m/s

T Ar, 130 MW, S=20 m’/s

=-=--window limits

N N S 001 Lo oot puffing rate, pumping speed,
0.25 0.3 0.35 0.4 80 100 120 140 160 and power variation

n_[10%° m~] I [Pam?®/s]
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% ITER
\* Seeding with Ar, Ne, N can replace C asradiator albeit at higher Z 4

€ Seeding of gaseous impurities kegpsthe peak power at similar levels asthe ones obtained with
C sputtered from a CFC target

®» The impurity gpecies used seemsunimportant for the peak power load at a particular
upstream density

=» The peak power load reduction depends mainly on Z
®» From adivertor performance point of view CFC and W targets (with impurity seeding)

are possible
q . [MW/m?] Z
pk eff
7\\\!\\\3\\\3\\\3\\\:\\\ 1'8:\\\\\\\\\:\\\\\\\\\!\\\\\\\\\7
16 | — 1.7 i ,,,,,,,, A B —— C
16 - | @ Arpuff
] T ) N E W Ne puf
i | —— Ne - low
1.4 - S B B core
13F o E source
1o H A Ne - high
L R e R — < b BN E core
1.1 : source
0 | i L 1 E Hﬂ N prf
0.24 0.26 0.28 0.3 0.32 0.34 0.36 100 150 200 250
n_ [10°m?) [Pa-m’s™]
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% ITER

\ Compatibility of the Divertor with Steady State Operation

€ Steady state discharges aregenerally characterized by higher power across
the separatrix and lower upsream density than in standard scenarios

= Power and He exhaust should in principle be moredifficult @—C 100 MW, S= 30 s

= However, due to the lower plasma current and consequently higher gy, the steady state
connection length to the divertor is longer

=>This helpsto reduce the peak power load and improve He exhaust

_ _ _ _ _ ~*="C, 100 MW, S= 30 /s
€ Theextend of the operation window and the effect of impurity seeding
remainsto beinvestigated

==/==C, 100 MW, S=20 m/s

=<C==C, 100 MW, S=40 m/s

--=-- window limits
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Y ITER

\ N Summary of Divertor Modelling Results
and consequences for the Design

€ A significant operational window for inductive operation exists
» \V/-shaped target configuration is beneficial in particular for low upstream densties
=> It results in areduction of the peak power load; no deterioration of helium removal
=> It can become redrictive if higher upstream densities are needed
=> SOL density limit can possibly be controlled by changing the strike point position

®» A large gas flow (~ 300 Pam3s1) between divertor channels isessential for peak power load
reduction

€ Different radiating impurities can beused if carbon hasto be avoided (e.g. W target)

= The trade-off between radiated power and Z in the core is not strongly affected by the
choice of the seeded impuritiy (Ar, Ne, N)

=» The difference in fuel dilution for Ar, Ne, N isalsonot large for Z 4 < 2

€ Divertor performance seems also acceptable in non-inductive steady-state oper ation despite
higher SOL-power and lower upgream density dueto the increased connection length

= Higher qq,, resultsinlower peak power for the same upstream density
=® Further work necessary to map out the operation window and the effect of impurity seeding

€ Beneficial divertor geometry features have been implemented into the ITER design
San Diego; 01.05.2001 Power and Particle Exhaust in ITER Slide 10 by G. Janeschitz.



% ITER

"o/ Thel TER FEAT Divertor

\
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% ITER
ITER=—

%N\ [ [ [ [l L
\[* Erosion Lifetimeof Vertical Targetsin ITER
e 20 ‘ ‘ ‘ ‘ ‘
¢ Composite lifetimeof the tar get
near the strike-points taking into ——C-w. CEem!cal erosion (1%)
account effects of sputtering, sow O snermicdl erosion (2%)
transients and disruption (exclude £ 16 - -2~ W - 50 % melt loss 7
ELMS) £
2
o S 12 i
= For acarbon target lifetime ‘ o recuancy 16
Isdominated by chemical = . CARBON
sputtermg E ..‘ _I:l)/l?lgosr_lrs;\:on. pm/disruption
@© 8 ._ -vapqrisation:4u.m/dis.ruption |
E ", - melting: 80 pm/disruption
O C
= For atungsten target the o
lifetimeisdominated by loss Al |
of melt layer during
disruptions.
0 | |

0 2000 4000 6000 8000

Number of Pulses
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ITER

Codeposited Tritium Removal Requirements

€ Maintaining C in ITER hasa strong impact on in-vessel T-inventory.

€ Freguency of clean-up depends on the codeposition rate (modelling) and in-vessel
tritium hold-up limits (safety).

€ A precautionary operating

limit of 350 g-T (1000g in JET DTE-1 Precautionary
1998 I TER design) isnow set ' o vatent operating limit for
. [ / mobilisable in-
In I TER-FEAT, based on / / vessel T inventory
safety consider ations, for the 10 g-Tipulse
mobilisablein-vessd tritium. ,/ _
/

Codep. rate No. Pulses to reach " déllliIan::d‘?:tions

(g-T/pulse) limit 350 g-T llse

1 350 i1 g-T/pulse T

2 175 .

5 70

10 35

100 150
=>Codeposition prediction by Number of ITER pulses (~400 s/each)

Brooks (ANL): 2-5 g-T/pulse
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ITER

¢ An ITER-FEAT discharge will
have ~ 1000 Type-| ELMsand
thedivertor should achieve a
lifetime of several 1000
discharges

= Targets have to withstand
several 106 ELMs

= permissible ELM energy load
at vaporisation or melt limit
whatever is lower !!

€ TheELM energy load depends
on theenergy stored in the
pedestal and on thetransport
time alongfieldlines

= Pedestal energy isnot afree
parameter !!

= The SOL transport time for
ITER-FEAT is~ 200 us

San Diego; 01.05.2001

Limitsfor ELM Energy Loadson theDivertor Targets

V aporisation and melt limits for 0.1 to 1ms depoition-time

No. of ELMs/disruptions

d =lcm,d =2 cm
w C

7
10 F

S B
| i
10° ‘ ‘

T T T LILEL ||I T T T LI I )
% Melt limit W (0.1 and 1ms)

ELMs
W 1.0 ms

— B -W0.1ms

N for N*E=2.10 °

—&— C 1.0ms

= [ =C0.1ms

Disr.
Evaporation

—— Disruptions
W vap.

---4--- W melt (50%)
—/— Cvap.

v Cvap.
mmmmmm= N fOr

N*E=2.10 & MJ/m?

1000

100 E

s \\/ melt limit 1.0 ms
s \/\/ melt limit 0.1 ms

10

Disr. -
melt loss ]

0.1 1

10 100

E [MJ/m?]

Allowable deposition
for 10° ELMs

C (0.2ms)

W (0.2 ms)

Energy MJm™

0.33

0.52

Energy for S=8m™~

2.61

4.16

Energy for S=16m™

5.22

8.33

Power and Particle Exhaust in ITER
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% ITER

Dependence of Energy Confinement on the H-mode Pedestal

4 On medium size machines (C-mod, 2
ASDEX-UP) Energy Confinement - C-MOD LN LE
(Central ion (electron) temperature) 2 S *'; :
and H-mode pedestal temperature are . ,o’w"%;ﬁ: ¢
proportional N o 2

@ On lar ge machines we see the same R L e e UL L.
behavior only below a certain pedestal 05 & e
temperature 0 5

o 02 04 06 08

1.5 ————
I 1 T
JET 7 . \|I=0 95 (keV)
H i 10000~ T ‘ T ‘
97 i v 1 Dens|ty ramp ASDEX Upgrade #10761
[ v R vy | > Thomson scattering
v AR 9,
T e R v e :
'io-.'.v [ 4 M v §
LI i @®
g u | —
B 4 ‘ g f
8l S 1000
I i<,
0.5 R R S c
| : : : 9
V¥  Type | ELMs; Normal gas input. ° \
3] X
€ Type Il ELMs; High gas puff O .
I = TypeIELMs nghgaspuff ] 100 \\\\\<
oL . — 0. 00 0.10 0.20 0.30 0.40 0.50
0 0.5 1 15 2 2.5 minor radius [m]
Tped, keV
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N A possible Physics Model for the Pedestal Width
€ Hypothesis: |
= Turbulenceis uppressed by acombination Magnetic /
of magnetic shear and ExB shear shear /
®» Theturbulencegroth rateisreduced by an /
increasing magnetic shear v~ 1/S /
®|FSPPL formulation istaken asatypical | _ /\ B
turbU|enCG ------------- e — - Shearing
® E_ismainly produced by the pressure — =TT | T rate
gradient; at thelimit yp e S ;%a%er;gfe/ """"
=» The width of the pedestal is defined at the i » A
point wherey, and ExB snear areeaqual Pedestal Width  pjasma
=2 edge

¢ Theresultant dependenceof A e p S gives:
A P ooioida 1K€ A behavior

2 ~
Ys = XesKL = ptorCs K| =~

= Explains the machine size dependence of A X S X S
= Explains the lower widthin ELM free
conditions and for second stability access due 0 ( E ) 01 (Vp)C Py, C
. - | = —|— |= —| — _~ 2
to the high bootstrap current -> shear change! Ve x\ B x| B n Xc2>
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“W Using the model for extrapolation to ITER glves Tped ~3to4 keV

€| n order to extrapolate the pedestal pressureto
| TER we calibrate the shear profile and the
resulting width with JET data (one dischar ge)

® Different g profilesare investigated with the
boundary condition that gy, = 2.84, Sy, = 2.86
and that the pedestal widthis 7 cm

Pedestal Pedestal Pedestal | Pedestal
Temperature Density Energy Width
(keV) (10°m™®) (MJ) (cm)
3-4 7-9 100 - 120 10-15

€T he pedestal energy content is~1/3 of the total

energy content and T, Isin linewith

requirements from 1st principle models

€®For comparison theresults of scaling:

Scaling Pedestal Pedestal
Temperature (K€V) | Energy (MJ)
Takizuka 2.9 97
Kardaun 9.9 330
Kardaun Cordey new 2.9 96

San Diego; 01.05.2001
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Magnetic Shear

—e—case (a)
——case (b)
—+—case (c)
—=—case (d)
—w—case (e)

N
T T

w

0.9 0.95 1
8 L

i —®—case (a)

- —O—case (b)

- —&—case (C)
6 —&8—case (d) -
s —W¥—case (e)

i +ppoI model
4 k-
2 L
0 1

2 4 6 8 10

(10*° m3)
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[ Energy Stored in the Pedestal, ELM L oss Fraction

® T of 3.5keV and 0.8x10°°m™ ny resultsin W, = 107 MJ (53.51n electrons)

®» Based onthe ITER ELM energy loss database 26% to 36% of the electron energy are lost
during Type-l ELMsin JET and DIII-D (T. Leonard-PSI-98)

®» Thus 14 MJto 19 MJ(4 to 5 % of the total sored energy) would be lost during a Type-1 ELM
In ITER-FEAT andin its mgority deposited on the divertor targets (higher than allowable !'!)

4 On JET and JT60U theenergy depostion timeis~ 100 to 180 us which is comparableto the
lon sound speed when assuming pedestal plasma parametersarerelevant during an ELM

€ |n higher density DI11-D and ASDEX-UP dischargesthe energy deposition timesseem to be
significantly longer and theELM energy loss fraction is ~ 2% of thetotal stored energy

€ ELM energy loss fraction seemsto depend on collisionality along fieldlinestaking pedegal
plasma parameter into account

% ITER
TER—

025, """"‘ T % L L S R e
] L ]
B DIII-D 1 1 B JET
02l ‘ 0 ® JEST 1 <---A. Loarte, E - ‘ — A ASDEx-UI ]
- A _ASDEXU I IAEA 2000 . ]
3 | r ‘ s - ]
%0.15 - > % S I N
5 i ‘AA ‘l 0.6 N .
= . & n | Hermann, S .
< 01 b | ?e © {1 Clement- = o
| 3. | Gauthier---> g4 1 N
- [} A ] O - A\
0.05 | \ . . A L. Z,0 N,
vV iTER . ]
0 L | | ‘1 Ll 1 Ll 0 | . |
0.01 0.1 . 1 10 0 200 400 600 800 1000 1200
San Diego; 01052001 " Power and Particle Exhaust in ITER timedii8hs by G. Janeschitz.



IT
7

y Q ITER
\[ Ansatz for extrapolation of ELM energy loss fraction

€ Hypothesis: ELM energy transport depends largely on ion convection time along fieldlines

= |_ow collisionality-> electrons cannot remove ion power, electrons repelled by high
sheath, ambipolarity-> electron conduction removes fraction of e- energy (~20%)

=» Energy deposition time proportional to the pedegtal temperature (afew 100 us)

AW (AW 1
G. Janeschitz, PSI 2000-> T = 2% (1 + \% v) W W/, ( T, )’
s 1+
_ _ 025 Te
€ Theenergy which can betranorted in a I 2 DD
given time along fieldlinesistherefore [ A JET_Delta=0.33
limited and depends on the pedegal 302 [ A
temperature ; i = § LéliEtT_Delta_O.SO
= |f the ELM turbulencetime 1 ,, in the Js | a ¥ _[TER
pedestal is short compared to the ELM = [ e
transport time a“plugging” can occur 01 L
which will limit the total amount of [
energy lost [
¢ Usingthis“ansatz’ and fittingt.,,, and the > F —% ;
nonlimited W, ,, either to two extreme i ® ]
discharges or the the whole dataset shows 0
good agreement with experimental data!! 0 20 40 600 800 1000 100

A.Loarte IAEA 2000 T ( S)
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[ Transient ELM power load in ITER; some consistency checks

€ 1. Plasma parameters between ELMs:
» Nyeg = 8 1020 M-3 Toea= 3.5keV
= Ng, = 31019 M-3 Tep =290€V
» <n,;>=81020m-3 <T,;>=5¢eV
=» |on Flux, = 4.5 10?4 s1, Power Flux,= 30 MW

% ITER
TER—

¢ 2. ELM expected Power Flux 25— 50 GW
» (AW, =5-10MJ, 1 ,, =200 us)

& 3. PossibleELM Phases:

= a) Connection of Pedestal to Divertor; b)Formation of Sheath in Equilibrium with Pedestal
Electrons at 3.5 keV (reached in few s)

= C) Loss of Divertor lons accelerated by new Sheath Electric Field (Ege= 2.8 T o= 10 kV)
=> Power Flux =7 GW -> 10% to20% of ELM energy

¢ Divertor Plasma cannot thermalise with 3.5 keV Electrons, otherwise pg,e vy = 2.8
102%eV M3 >P, 1 creqrer Pressure balance causes density to go down !! No momentum sour ce !

= d) Equilibration of py, with p,. in lon Transport Time Scale (L/cy -> Large Energy Pulse
=> Power Flux =30 -60 GW -> 80% to 90% of energy come with ion timescale

San Diego; 01.05.2001 Power and Particle Exhaust in ITER Slide 20 by G. Janeschitz.
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N Comparison of Expected and Allowable Energy L ocads
T .o = 3.5 KeV (Flat pProfiles) Theq = 175 KeV (Flatn  Profiles)
15 I A AL L R IR 15 L L L
; nped/<ne> =0.8 ; | nped/<n R =0.80
~ ; nped/<ne> =0.50 ] g ; s
=10 - vlg - Wmelt (S=16m 2) 1
\j f Wmelt(S:16m2); ;TJ'
< / ,./", Carbon (S=16m 2)
ot f"’Carbon (S=16m?) A 5FWmelt(S=8m ?) :
:795 W melt (S =8 m”) : : Carbon (S=8m 2):
7’— Carbon (S=8m?) B
O : P T S T KN TR TR N T NN TR TR TR MO (N T T MR T N R N T : 0 : R I A P W NN TN T TN T N TN T TN M A SN N AN :
0 100 200 300 400 500 0 100 200 300 400 500

@ The expected B M, ey load at reference P, is> factor 2 lamyer. théithe allowable for
CFC and 30% larger than the W melt limit if S, 152 (4) x S5,

®» A peaking of the dengty profile and a reduction of the pedestal density could make the
ELMs marginally compatible with aW target

€ Method for mitigation of Typel ELMswithout confinement loss at high pedestal pressureis
difficult to be achieved (even ELM s generated by pellets are following gener al behaviour)
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\ AreTypell ELMsor EDA a Solution for this Problem ?

€ Typell ELMsprovide energy confinement similar to Type | ELMsbut with lower pulsed
energy loads and at high density (> 0.8 ng in ASDEX-U) both favourable for I TER

= However, they seem to exist only at Qg > 3.5!!! -> loss of performancein ITER

= The high triangularity (> 0.4) and the gy, > 3.5 requirement suggest a connection to a
second stability access for the high n ballooning limit (is this sufficient ?->no !!)

(a) JT-60U . (b) C-Mod
& Grassy ELMs € EDA
O Giant ELMs O ELM free
6 @ -
S
= 4T & I
2 - 2T -
0 1 1 0 1 1
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
Average Triangularity Average Triangularity
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(Too) Simple ?? Hypothesisfor Typell ELMs

¢ Typell ELMsor EDA (isthesame) arein principlesmall Typel ELMs
®» They only crash asmall fraction of the pedestal near the separatrix

® |t isimportant that inside this crash region a second stability window exists (no pressure
gradient limit) because the pressure wave dueto the crash would otherwise propagate
the crash inward -> would give alarge Type | ELM !!

® |t is also important that thefirst stability limitis violated near the separatrix and not
Inside the pedestal -> would givealarge Typel ELM !!

P {MPa /Wb /rad)

= i ]
—10¢ ; I .
R | -
~ Unstable ¢ | 1
_15 [ ‘-l-"' l"'_h __,.-""__
Y S e ]
201 > ____ With Bootstrap  J
o5k ~ =, Without Bootstrap
0.80 0.8D 0.90 ©.95 1.0C
Psi

San Diego; 01.05.2001
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What can trigger the violation at the
outer window boundary ?

One possibility isfuelling

which would cause a digortion of the
pressure profile near the ionisation
maximum (low D)

Slide 23 by G. Janeschitz.



% ITER
\ ELM behaviour at high triangularity and high gas puff ratein JET

€ At high gaspuff ratethe ELM frequency decreasesagain and another loss mechanism
seems to exis between ~ELMs(Type |l ELMsat ggg, ~ 2.8-3 77?)

=» ELM energy |load follows nevertheless the general behaviour vs collisionality or T,

G. Saibene, M. Becoulet Typell ELMs- J. Stober
Gas injection and ELMs frequency at high triangularity u/l~ 0.47/0.4, elon~1.7

Dlvertor Da em|SS|on

Do(Y) ~15SMW,2.7T, 2.5MA TR 1MW T 5002 |
1 8 nped =7. 2 1019 m-3
Type | ELMs

0 [
38.5 58.6 58.7 58.8 58.9 59 59.1 59.2 59.3 . 59.5 ) 6 h

10
L Pin=15MW 52308 |
& nped=1 O 1019 m-3

| | 1 | 1 1 |

1
§8 5 58.6 58 7 58.8 58 9 59 59.1 59.2 59.3

#522 gas 15e225 fyn~27Hz

| | | | | | |

|

8.5 58 6 58.7 58.8 58 9 59 59.1 59.2 59.3 59.4 59.5
T

1#5214 as=2e22/s, ., .~23Hz f

NO1O

fuelling increases

a.u

1 1 | | ! ! ! ! ! T Type ” ?

?77? urt

el \

L
62.2 62 22 62.24 62.26 62.28 62.3 62.32
time (s)

| #52024, gas=4e22/s, f_, ~18Hz ‘

58.5 58.6 58.7 58.8 58.9 59 59.1 59.2 59.3 59.4 59.5

t(s)
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\© Summary and Conclusions

€ Divertor modeling shows a significant influence of thedivertor geometry on the peak
power load and on the SOL density limit -> input to engineering design:

» “V” shaped baffles on the bottom of the vertical targets
= |_arge conductance for neutralsfrom inner to outer divertor
®» R& D allows the use of CFC and W at the strike zones

€ T-co-deposition remains an issue for CFC clad targetswhile the melt layer lossduring
disruptionsisthe main issue for W clad tar gets

€ A high H-mode pedestal pressureand thus energy content isimportant for good core
confinement and therefore for achieving the goals of ITER

= Pedestal width scales most likely aspx & ->10to15cmin ITER
DT ey ~ 3t04keV, W, ~ 100 MJ--> good confinement and performance possible

¢ TheTypel ELM energy load seemsto berelated toW o, T , (the ELM duration) and
to thetransport time along fieldlines

= Based on present extrapolations the Type | ELM energy load in ITER will be marginally
too high for the divertor targets but a large uncertainty remains

» A regime with Type Il ELMsis an attractive alternative which most likely can also
achieve Q=10in ITER
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