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®LEFDA Outline of the Talk

Close Support Unit - Garching
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Losses

2. Type | ELM Divertor/Main Chamber Energy
Fluxes

3. Regimes with small ELMs & good Confinement
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. E F DA Type | ELM Bulk Plasma Energy/Particle Losses
Close Support Unit - Garching

In steady State Type | ELM Losses are reproducible but not identical

JET “Steady-State” ELMy H-modes (Loarte PPCF 2002)
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Close Support Unit - Garching

ELM Energy Losses (I)

Bulk Plasma Type | ELM Energy Losses : Conduction & Convection
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Close Support Unit - Garching

ELM Energy Losses (ll)

In JET = Decrease of AW, with <n,> due to AT,

IT

e,ped

decrease

not to large reduction of ELM affected volume

JET. Loarte + Jg 60U. Chankin PSI-2002
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E F DA ELM Energy Losses (lll)

Close Support Unit - Garching

Multi-machine Evaluation of AW, indicates that v* ., is an ordering
Parameter for ELM Energy Losses
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Not a AW, ,, Scaling €<-> Development of ELM Energy Loss eLM-driven

Physics Model :

1) v*,.q 2 MHD Trigger of ELM (Bootstrap Current)

2)v* > - B Energy/Particle Transport during ELM

3) V¥ eq 2 Il B SOL Energy/Particle Transport during ELM
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E F DA Type | ELM Divertor/Main Chamber Energy Fluxes
Close Support Unit - Garching

Time Scale for Divertor Power Flux Correlated with T
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E F DA ELM Divertor Power Fluxes (l)

Close Support Unit - Garching

At lower T, o4 = Tgr=-" much longer than “MHD duration” of ELM
and of hot Electron Energy Pulse on Divertor
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E F DA ELM Divertor Power Fluxes (Il)

Close Support Unit - Garching
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Close Support Unit - Garching

ELM Divertor Power Fluxes (lll)

Very different Extrapolation for AW, \, if v¥ .4 or the Sheath

Impedance to Energy Flux play a role
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Experiments in JET, ASDEX Upgrade, DIlI-D and JT-60U have been or will be

carried out in the near Future to address this Issue
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E F DA ELM Divertor/Main Chamber Power Fluxes (1V)

Close Support Unit - Garching

SOL Width for Energy Flux during ELM Despite narrow 7\'@ELM
similar to between ELMs AWELMdiV/AWELM ~0.0

ASDEX Upgrade. Data from Herrmann IAEA-TCM 2001
ASDEX Upgrade. DataXrom Herrmann EPS 1997
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E F DA Regimes with small ELMs & good Confinement

Close Support Unit - Garching
Type | ELM suppressed at ~ const ppeg & VPped
High 6 H-modes (ASDEX-U), high 3, H-modes in JT60-U, QDB modes of DllI-
D + EDA (Ppes &, C-mod), mixed regimes (JET, DIII-D high 6 H-modes)

High B,,(>1.5) 0 and q required for Type | suppression in JT60-U
O, & Typel(high B and std)

JT-60U - Kamada 20— ® , O Typelland mix (high B)
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q95 nped (1019 m-3)

Shafranov shift = distortion of flux surfaces @ high B, + high 6/high g5 = edge shear )
Local pedestal parameters do not play a major role
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Close Support Unit - Garching

E F DA Regimes with small ELMs & good Confinement (ll)

Type Il ELMs in ASDEX Upgrade occur at high Density

| @ Typell @ Typelil (0.35<5<0.42, 0.8<Ip(MA)<1)

OO eree T T Transition Type | — Il occurs with
" Type lELMs: + medlum 6 . .
800 > EbbieH . A little change in p .4 compared to
- [] L-Mode - .
> AN + > Type | phase — core confinement
S velimt™ 4T 995 10
£ o Al similar to Type |
% an e
<4001 type 1l ELM ST ] :
o  YPEILEEMS #‘ﬁi?o\ 1 s.s. Type Il observed only at high
T H-mode x X & T T imi I '
200/ — " <1 ne (similar to mixed case in JET)
I S DR RN 0
0: | DD | ASDE)l( UpgradeI
o 2 4+ & s 1w TheregimeisrobusttoP, T
19 -3
N6 edge [10°"m ]

(if fuelling adjusted, ASDEX-U)

Change in MHD stability or
change in inter-ELM losses (or

both?).
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E F DA Regimes with small ELMs & good Confinement (lll)

Close Support Unit - Garching

Type Il in ASDEX-U : Quasi DN configuration

0.50 0.50
d,, VS average & | ASDEX-U
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ﬁ _f & ° l".: o o
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3.0 3.5 4.0 4.5 50 35 -30 -25 -20 -15 -1.0 -05 0.0
Qgs AX separatrices midplane (cm)

»Type |l require high ¢ (as JET and JT60-U) and n¢

»Proximity to DN configuration is essential (no type Il for AXmp>2cm) +
Trade-off 6/qgs ? DN to increase edge shear?

»High B not required, but compatible with the regime! (Bn~ 3 obtained)
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Close Support Unit - Garching

E F DA Regimes with small ELMs & good Confinement (1V)

Type |

(Grassy) ELMs

Plasmas with good core confinement and small ELMs are
observed in most experiments, in specific & reproducible
circumstances.

Total suppression of Type | ELMs in JT-60U, AUG & DIII-D QDB,
partial in JET & DIII-D. C-Mod is a special case (no Type | ELMs!)
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»Type Il ELMs

*

JET (high P )

=
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95

»>Type | ELM suppression is gradual (mixed
phases) and occurs at ~ constant pped and Vpped

»Conditions of access vary: high ¢ is required
(possibly qgs>3.5)

»>High B, (JT60-U) and proximity to DN (ASDEX-
U, JT60-U?)

»Key requirement : high edge shear!!
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E F DA Conclusions

Close Support Unit - Garching
d Type | ELM Energy Losses determined by n, o4 & T ;o4 Bulk
Plasma ELM conductive Energy Losses decrease with v* 4
ELM convective Energy Losses independent of v 4

»Physical Process that leads to v* ., Dependence ?
» Extrapolation of pure convective Type | ELMs?
» Physics behind ELM Particle Losses (MHD?)
J ELM Divertor Energy Deposition Time is determined by T, .4

> Is Tq peq DEpendence due to Transport in ELM ergodised Layer or to
Formation of high Energy e- Sheath (or both)?

» Radial Particle Fluxes YErosion of Main Chamber Walls
ELM Energy Split Divertor/Main Walls

1 Discharges with small ELMs (Type Il) have been achieved in
JT-60U (low v* 4 ) and ASDEX Upgrade (high v .4 ). High

Edge magnetic Shear is the Key to access these Regimes.
Quantitave Estimate of Edge magnetic Shear required for Extrapolation to BPXs
Other Regimes (QDB, EDA) should be explored and their BPX relevance assessed.
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Number of ELMS

EFDA

Close Support Unit - Garching

ELM Energy Losses (la)

ITER Divertor Lifetime determined by Type | ELMs Energy Loads
leading to Ablation/Melting

f=1Hz -> ITER pulse ~ 400 ELMs
1.00E+07

power shape profile
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300ps
>
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e | - @vaporation only \ ""
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.
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1.00E+02 L

1.00E+01

== \N-100% melt layer loss S—
s - @vaporaftion
0.25 0.5 0.75 1 1.25 1.5 1.75

ELM Energy Density, MJ/m?

Federici, G., 15" PSI Conference, Gifu Japan 2002

Woeq'TER ~ 100 MJ
Ay, TER ~ 5 — 10 m?

AW, TER < 5-10 MJ

Extrapolation of present Results to

)

ITER :

Diagnostics that allow good
Experimental Characterisation
ELM Energy/Particle Losses
Systematic Experiments for Type |
ELM Characterisation
Development of Physics Model for
Type | ELM Energy and Particle
Losses
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E F DA ELM Energy Losses (lla)

Close Support Unit - Garching
“‘Minimum” Type | ELMs (Purely Convective) can occur at high density
JET “Normal” T pe | ELM JET “Minimum” Type | ELM

Pulse No: 52014 Time: 18.09011 Pulse No: 52822 Time: 20.020144

Separatrix Radius Separatrix Radius

2500
1 ms after ELM
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2000 \

25001~
|

I
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E 1500 /’ %‘ 1500~ Pedestal Radius
~ o
350 us after ELM
1000~ 1000~
350 ps after ELM
I
Before ELM | 8 | g
0 | | | | U 3 Before ELM g
3.4 35 3.6 3.7 3.8 oL l l | l G
Major radius, R (m) 3.3 3.4 3.5 3.6 3.7 3.8

Major radius, R (m)

Loarte, A, et al., 434 APS Conf. 2001 & Plasma Phys.Contr.Fus.(2002), Leonard, A., et al., Jour. Nuc. Mat. 290-293 (2001) 1097
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E F DA ELM Energy Losses (llla)

Close Support Unit - Garching

Te peq INfluences ELM Size - for similar <n.>/Ng cenwaig
(AW /W o) ET ~ 3 X (AWg, /W, ASDEX Upgrade

Divertor Divertor

ASDEX Upgrade - Herrmann
JET - Eich

( 0.08 —> .
1 total ] total o Morcenwaa ™ 1.2 1020 m3
e o c 0.016 — "
g 0.06 — g ]
5 L]
;n. - Ngreenwaig ~ 1-0 1020 m-3 Ea. 0.012 — inner A Aﬁooé o
~ 0.04—- 3 i R °
s inner 8 % o
S | S
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= 0.02 2
b Vv wY 0.004 — -
| _ NAvA"S v
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Close Support Unit - Garching

E F DA ELM Energy Losses to Divertor/Main Chamber (la)

JET : Divertor ELM missing Energy correlated with ELM size (<n_>)

JET - Eich JET+ASDEX Upgrade - Eich + Herrrmann
0.08 O total 0.08
- inner
E o6 /o) v outer é
E y g 0.06
o - [
= s ’
P 0.04 7 © En- 0.04 .
o - @ g
- : C2 :
= 0.02- ] )
= Vy 9V < 0.02- | \_.'
- .
i ASDEX Upgrade
0 1 T 1
4 6 8 10 0 Cor T T T
19.1-3 0 0.04 0.08 0.12 0.16
ne /10™m AWmidplane / Wplasma

Highn, > AWg @/AWg Bk 4 but possibly — Pg yfRaddv 4

High n, ELMs :
a) More toroidally symmetric

b) AWELMMain Chamber /AWELMBqu \
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E F DA ELM Energy Losses to Divertor Main/ Chamber (lla)

Close Support Unit - Garching

Relative Probability

DIlI-D Leonard PSI 2002
DIII-D. Data from Leonard PSI 1996

1.0 I E— ELM Radiated Energy
100 T T
0.75 - & 80 |
£
] 2
B 6
0 _
05 4 &
w
] O
8 4 i
o)
0.25 J 8
o
] 20 |
1 15 2 2.5 0 A S N S P I T
) ) Inner Wall Inner Outer Outer
AWDIV_ . Toroidal Peaking Factor Separatrix  Separatrix  Midnlane

Divertor ELM Energy Loads are toroidally symmetric

Transient Radiation during ELM < 10 % AW,
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E F DA ELM Energy Losses to Main Chamber (la)

Close Support Unit - Garching

Divertor ELM missing Energy <—-> Fast radial ELM Particle Transport (?)

JET- Large ELM Plasma Fluxes in far SOL For “|arge” ELM Events
Pulse No. 34358, 34381
(a) s:m ~
'“5)%“ " ( dlsat/dr) 9 Vr,ELM > 1 km/S
: . Low n,
il | .- Type | ELMs JET
0.5F 2500 B t=46s ) ‘
0.2 — 1 m t=50s
T "2 2000- ( 5
§,.1o§(-b}‘ g i [ w
2 9 e High n, —» 15007 H T
i ik (A Es.. Tvpe ELVS E 1000- -Hﬁ‘
g 0.5F | s E i [[ TT T_;[TJ’J f.u. "u
I | f eS0Tl
R N ol [T e
o f Type lll ELMs 010 -0.05 000 005  0.10
3 ) .
osf | "1™ (A)
0.2f _ - ELM
-1 o 1 é ) 4 TJ_ S low
Distance mapped to midplane (cm) g
Loarte, A., et al., Nucl. Fusion 38 (1998) 331 efree~ 10 —-100us
Hidalgo , et al., 29" EPS Montreux 2002 . . . -
Counsell, G., et al., 15" PSI Conference, Gifu, 2002 Radial ELM Propagatlon In MAST 1500 m/S
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E F DA ELM Particle Losses (la)

Close Support Unit - Garching

Bulk Plasma ELM Particle Losses (& L B Energy Convection) not
obviously correlated with T, .4 Or N, ooy (= MHD Nature of ELM?)

DII-D JET- Large ELM Plasma Fluxes in far SOL
Pulse No. 34358, 34361 -
O'24:  Skso 12w 100 oW i, Type | ELMs"z
8 0.20f ¢ qE3.1 12 MA
" | . A aF25 20 MA 7L
- e 0 O 7. I— | & 02
° i . . '
) 0.12f * . ,:’, o oo | Pedestal Pressure £ 10l
3 [ o o0 ) 3 Degradation g 55
L 2 ‘e & e -
= 0.08F « o . Ag" ot | "s o 2
o) : PN vA*“?;x:, 3
© 0.04f « W § o5t
[ v | ;’ § 02
L v (%]
().()()....|....|....|....|....|.....|....|...v %105&(})
0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 sf &
i g
2..
ne, ped /nGW 025; %’
0.2 , - :
Leonard, A., et al., Plasma Phys. Contr. Fus. 44 (2002) 945 -1 Y 1 2 _ 3 4
Loarte, A., et al., Nucl. Fusion 38 (1998) 331 Distance mapped to midplane (cm)
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E F DA ELM Particle Losses (lla)

Close Support Unit - Garching

Divertor ELM Particle Flux Consistent Ballooning Origin of ELM MHD crash

mmeww LT Similar Observations in
i [/~ | several Divertor Tokamaks

\S)

|
N o

5 1E
4 Midplane D,, (a.u.) =
2 = F
0= = oF
5 % E " "
T T | common ELM Origin & |1 B
2 Inner Divertor D, (a.u.) =1 * .
: Ouer e Do) | Particle Transport @ ELM
0.5~ Outer lgy Inner lgg 1_‘ """" PR PR PR — ]
(a.u.) (a.u.) 3 Major radiue [m] JET. Loarte + JT 60U. Chankin + ASDEX Upgrade. Horton + DIl D. Porter
Ok | | ! ! ! L8 300 —————F————7
-400 -200 0 200 400 600 800 1000 r ]
Time (us) E . JET 4
iF T, = 150 us 250 [ | O JTeou ]
O . _ H A ASDEX Upgrade <
-1 Mirnov Coil (a.u.) —~ r <> DIl D ]
-2- N 200 F a
-3 = : ]
3- [ ]
Midplane D,, (a.u.) S 150 - T
T = 5 ]
T” - 200 !.LS o L ]
c 100 - a
= e [ ]
5~ Inner Divertor D, [ ]
a.u. L ]
3 (a.u) 50 [ ]
1 Outer Divertor D, (a.u.) r
1.0 0 cooo b b ! ! ! ! ! !
0 50 100 150 200 250 300
0 57Outer lsat Inner | .
: (a.u.) sat 3 Front
(a.u) @
0450 2‘00 6 200 460 660 860 1 dOO ; TI ! (HS)
Time (ps) Loarte, A., et al., Plasma Phys. Contr. Fus. (2002), Loarte, A., et al., 15t PSI Conference, Gifu 2002
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E F DA ELM Divertor Power Fluxes (la)

Close Support Unit - Garching
From Electron Bremsstrahlung ~ g, can be estimated

RBremsstrathng (C)~510—3 3/2 kT /m_c? (More precise Estimate = f,dv (x,t))
Te . - 14 keV Mude: DD/”JIS—RT\/'S<SBODQ(/)O4 Shul: 52008 : ELM
ped Pxmy =|2750S  ° lower Te,ped ~ lower AW div,electron
3 ] ELM~ ELM
b | WN | T, constant but 1,5 1/M¢ ped
§of ! . Maximum Electron Power Flux
f 5000 (e 150
) “F % J B i @® P Xray
S . o TS
e i < LB ® 10 g
T Em S " s
T, .,=1.0keV W =275us ] — ® =2
ped m i 2 2000 - u [ o =
= E (a F 7]
] i H ] 3
v u % 1000 - o ©® ® f
- — ] 0 :\ e e e b e e e e e e \: 0
m .U VJM d WMMW MUW O 01 02 03 04 05 06 07 08
W “ W V i ]( AW, (MJ)
wiw—atw— wimweas— Oheath vs. Core _|_ B impedance to Energy Loss?

Gill, R., et al., Nucl. Fusion 38 (1998) 1461, Loarte, A., et al., 43 APS Conf. 2001 & Plasma Phys.Contr.Fus.(2002)
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E F DA Regimes with small ELMs & good Confinement (la)

Close Support Unit - Garching

Type | ELM suppressed at ~ const pped & VPped

High 6 H-modes (ASDEX-U), high B, H-modes in JT60-U, QDB modes of

DIlI-D + mixed regimes (JET, DIII-D high 6 H-modes)

>

Dadi"

(10°m-3) (a.u.)

Increasing o (shear)

Ne

div

Do

(101°m3) (a.u.)

Ne

Dadi"

(10°m-3) (a.u.)

Ne

1.8
2| Grassy 0, ® Typel (high B, and H-mode)
R 1 © , ® Type ll and mix (high Bp)

WWWNW WWWW‘AW“%W
g N pellet ] 3

M. = 1.5 O

B ] ¢
p E39459, 1MA, 2.05T, qg5=3.8, 6=0.58,x=1.35 . 0
oL . + v v v v v b b sy g 10
(oY}

2 - Mixture g 1o 09 ¢

L O O %
0 pellet pelieti——1 1 {3 io O
3— Ne | s = C}l E%E I:f O

TP N

P |E39505, 1MA, 1.95T, qg5=3.7,5 =056, =1.37 A & os- EED . 0
2 Glant ” " H ‘\ WWW E\ZID O

W i) |
05 wv M Wy 1

o‘ peIIet *pellet L 3 06 JTGO'U
3F T T T T T

» 4 = 0.1 0.2 0.3 0.4

C Bp E39511, 1MA, 1.97T, q¢5=3.6, 5=0.45, k=1.41 1=
ol v v v v v v b b by 0 Bp pedestal
4.5 time (s) 5.0

JT-60U - Kamada

0.5
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E F DA Regimes with small ELMs & good Confinement (l1a)

Cloe Support Unit - Garching
High [3,, 0 and q required for Type | suppression in JT60-U
new \

0.6
0.5F

Distortion of the flux
surfaces by Shafranov
shift at high B, + high o/

Giant high qes = edge shear 1

1F 1MA (2T, 3T,36T)
F 58m3

triangularity
o O O O
- N W s

= Grassy/Type Il ELMs

Local pedestal
parameters do not play a
major role (next).

0.6 0.8 1.0 0. 0.8 1.0

UN W i )
Lao - GATO analysis, n<10N JT-60U - Kamada
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E F DA Regimes with small ELMs & good Confinement (llla)
Close Support Unit - Garching

JT60 U Type Il ELMs have high Tpeq and low npeq

Type |- Il: similar nyeq and
Toes cOmpared to standard
high B, H-modes

JT60-U

O , 8 Typel(high Bpand std)
20— @ , O Type ll and mix (high Bp)

O Type lll (std)
S
0.1_: 1.5 4
O, 8 Typel(high B and H-mode) >
® . O Typelland mix (high B) < 7
O Type lll (H-mode) g
0.01 : : . : : : . -
0.5 1.0 1.5 2.0 2.5
B 0.5
e Extrapolation to ITER: so | JT60-U 1y ~ IMA, 3<qes<?
far, npeq too low (~30% ngRr) Y00 o5 1o 15 20 25 50
for high divertor radiation. Mo (10

JT-60U - Kamada
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E F DA Regimes with small ELMs & good Confinement (1Va)
Close Support Unit - Garching

Anomalous Type | ELM Behaviour at high o

AWEg m/Wpeq depends on pedestal ne and T, not on ELM frequency
JET — Becoulet - Loarte

0.07 T W 25MAR2.7T =0.33
L 0.25} O 2.5MA/2.7T = 0.33 Before pellet
0.06 - Type | B 5§=05 ] W 2.5MA/2.7T = 0.33 After pellet
; T 5-03 B 25MA2.7T =050
. : ] =0. A 19MA20T =0.33
T 0.05 ® Ar+3=05 . 2 5MA/2.7T = 0.45 - Low
< r O Ar+6=03 0.20p o3 25MA/2.7T = 0.30 Ar puffing
F 2.5MA/2.7T =0.40 Ar puffing
TS 004 |
1l}
= ] B
=S 0.03 " A
i g =
0.02 |- E H
r A AA om
0.01 ¢ - AA u
0 T | e = 005  "™Minimum" Type | ELM ——
10 20 30 40 50 60 70 80 o
ELM (Hz) 0 1l 5
0.01 0.1 1
V¥oed
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. E F DA Regimes with small ELMs & good Confinement (Va)
Close Support Unit - Garching

Enhanced inter-ELM transport compensates for reduced Type | ELM losses

16F A Aa A A Gas scan at 2.5MA/2.7T, 6~0.48,

14+ - PNB=15MW

12 2 ey M S Mixed Type |-l at npeg~8 1010

10L O Prad,bulk (MW)
2 ¢ Win (MJ) »Average Type | ELM losses reduced
28 with mixed ELMs (fe_ux< AWg ™)

s > Ploss between ELMs increases, from
i \.\ ~ 6 to ~ 10MW
O Og O @ .

<« Type | —> <——Type I+Il—> »Any MHD invoked to explain Type Il

0—% 7 8 9 10 11

nped (1019m=3) ELMs, should generate enhanced
particle and power losses replacing
JET — Saibene the ELM loss channel

Type Il with NB only vs Type Il with dominant electron heating

Alberto Loarte ~ Pedestal and ELM Session  Snowmass Fusion Energy Sciences Summer Study 15-07 -2002 30



. E F DA Regimes with small ELMs & good Confinement (Via)
Close Support Unit - Garching

JT60-U : ELM Energy losses | by a factor ~2-5 with Type Il ELMs

JT-60U Asakura

® Low qwlo D Puf JT60-U - Asakura

O Low q with Ar & Do Puff
A High g (grassy) w/o Do Puff

0.25 — 7
i B DII-D The reduction of
02 - o . ASDEX.U : the ELM energy
3 : ~ loss with Type |
= 015 - LY ] ELMs occurs at
= - = ] constant v*
;L“ 01 - . ° ]
< Sea
0.05 - K\\ %Jﬁ‘ L I
v o, i Loarte — IAEA 2000
ITER 1
00.01 0.1 1 o HHH‘IO
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Close Support Unit - Garching

E F DA Regimes with small ELMs & good Confinement (Vlla)

Small “bursty” heat pulses with Type Il ELMs

type-l | type-ll | type-l

0.02} #13692

0.00 MW\WVWNWM

type-li mainly type-l
ASDEX-U — Stober - Herrmann

Periodic heat pulses with
Type Il ELMs (not
correlated to D)

Peak power load reduced
with Type || ELMs

Heat pulses in the divertor
= MHD modes?

Fast thermography for
detailed power balance
and A, measurements
Type lvs i
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E F DA Regimes with small ELMs & good Confinement (Vllla)
Close Support Unit - Garching

ITB+ETB and no ELMs: QDB* modes of DIII-D

QDB QDB ASZeff > 4 from High Z Impurity
0'0 T T T T T 18 ' ' ' J
Plasma Current (MA) 106919 Total Zef e
asma curren .
Counter 12r Central Ti (kev) 1 High Central br
injection | / | Central Te (keV) . | Tiand Te ol Zeif from Niand Cu
Y R )
High beam 10 5.0 2r Zeff from ct6
POwer No ELMs 0
s | Bean_] Power (VW I NIXXVI 165A | 00 02 04 a5 08 10
Low radiated Radiated Power (MW) Increasing P
power Nickel . . .
0 . emission Counter-injection NBI, wide
7.0 7.0 Increasing range of g and o
High By\H Central .
ah B 825 i | sl Central Ele%ron : Density H|gh BN (~35) and no ELMs
' ' Density 10-Y m™
Density
0.0
00t O But...
Time (s) nped ~1 O%nGR

QDB modes require more development

_ _ Zs~T7 (transport or sources?)
in order to be a solution for ITER.

Fast ion losses — power

West — APS 2001 deposition far from separatrix
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Close Support Unit - Garching

E F DA Regimes with small ELMs & good Confinement (1Xa)

QDB in DIII-D — more details

Inner Strike Point
2.0 | ELMing Outer Strike Point

: 10691901323
:Quiescent

1106919.03050
Wow

4 cm Flux Surface

|
| |
I |
(W 1y
‘\,' 2_} | 1+ ¥~ Surface Heat Flux
\! MW/m? l\,'-' Distribution
\
26 2.2 MW/m?
MW/m2 Peak Heat Flux
DIII-D
. = Plasma Facing
0.0 :
20,07 0,02 0.03 Wall 106919 3715 ms

Rmajor ) RSEP

Pedestal profiles of ELMy and Power deposition patterns in QDBs
QDB West & Lasnier — APS 2001
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Close Support Unit - Garching

E F DA Regimes with small ELMs & good Confinement (Xa)

4 20X107 ITETEIRRTI RRTRARTARA FRRTACARRIARTR A RRTA RARRANRATI ARTTAATIN]

-E 3 . (m] [
e 2 18] A EDA o 2
o 3 O ELMs m] -
- ] o "
88 1.6 - L
60— e ] i
40 8 144 o
2 s ] :
3r E 1.2+ -

z 5L 3 ] [
= f 2o 1.0 -
> E A L
2.g 0.8 -] [
2.0 = L
25k - . A
1.0 6 -

0.5 h i

0.8 1.0 1.2 1.4 0.4 LU LR LR LR LR LR LR LLR RN R LLRE LRRRY L]
Time (s) 100 200 300 400 500 600 700

T.” (eV)

Some EDA features:
- EDA associated to QC edge mode (high v*, low T,eq) C-Mod

« Resistive ballooning modes are candidate for EDA Mossesian
If P;, is increased: Hubbard
« QC disappears = broadband MHD Snipes

* Pressure gradient steepens and “grassy” ELM appear
- Pedestal unstable to peeling/ballooning modes
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E F DA Regimes with small ELMs & good Confinement (Xla)

Close Support Unit - Garching

Grassy ELMs in C-Mod: high Tpeq (and Npeq)

6.0

' B | 1l

T eq Similar to ELM free

Ojagffree . ngh density (2 1020 m3), similar to EDA
5.0 oo o - ]
3 « Frequency of MHD fluctuations near to
8B of that of Type Il in ASDEX-U (and JET)
3.05 ........ _ %jm5x1100 ’——.‘,Du\’_'_..--lx. °
] > 05 o
L L B LI B B BRI L L B 0.0 N R I T
0 2 4 6 8 10 12 14 500
Pee ?';’-_m 250
- C-Mod , 43 '
i Mossesian o 2— M)f'”ﬂmﬂJ
Hubbard sono®d T 1T
g Snipes < ~,ﬂ/J’MNMAN‘
. 6 3 | | I |
g o O3
33
250 E
r N 200
L 150
= 100
L 50 S el et |
100 200 300 400 500 600 700 0.7 0.8 0.9 1.0 1.1

T, (eV)

t(s)
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