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Motivation

« ELM heat flux profile characterization is important for ITER to
determine requirement of ELM control system performance

* Relationship of wetted area (A,;) and ELM size directly
Impacts peak heat flux (q,ea)

e Larger A, allows larger total ELM energy loss (AWg,,,) to be
acceptable, however uncertainty in A, remains unresolved yet

* Present prediction for ITER is based on JET/AUG data that
shows rather constant g, Irrespective of ELM size, due to

iIncreased A,
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Acceptable ELMs for various |, for ITER are predicted
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Loarte, NF 2014
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JET: many filaments during the ELM broadens heat flux
profile and raise A

(a) 20

15

* Number of striations, i.e. ELM
filaments, observed on the
outer divertor target increase
from 3 —5to 10 — 15 during
the ELM rise time
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* A, Significantly increases
compared to inter-ELM value
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NSTX ELMs are against king/peeling boundary with lower
toroidal mode number n

-
N

Y oégfgs 0'3235  ELMSs in other tokamaks
Y stable stable have peeling-ballooning
L o8 nature, i.e. n=10 - 20
g ” « Stability analysis shows
E 12 NSTX is most unstable
‘% o 5 et for low n numbers (n=3
"B ~5)
3 osl
E |
2 os} ELM-free, » ELITE shows NSTX

thick Li

ELMs are on peeling

4 5 6 7 8 9 104 5 6 7 8 s 10 Side
Normalized Pressure Gradient (o)

o
K

Boyle, PPCF 2011

OAK
. NSTX-U ‘RIDGE NSTX Physics talk — ELM filament impact on heat flux dynamics in NSTX (Ahn), 01/17/2014



Multiple radial heat flux profiles are averaged for data
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 2-D surface temperature data from IR camera are used for heat flux calc.

» Heat flux data in (X, y) plane is re-mapped to the (r, ®) plane and all
radial heat flux profiles are combined to create an average profile

qpeak,tor = Z(q peak,rad )/ Nrad /Tq,tor = Z( q rad )/ N
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Peak heat flux and heat flux width are determined by total
power and wetted area

Average radial heat flux profile  Total deposited power to divertor:

3 ' Paiv.ir = jZﬂrqtor (r)dr
g 2
Apeak=2 MW/m? q,,, (MW/m?)
/ * Wetted area
135185, t=180ms B _
: ] 1 A\Net — I:)div,IR /q peak tor
||h|| Pdiv, IR:O-32 MW

* Integral heat flux width

—int

Zq,tor = I:)div,IR /Zﬂrpeak g peak tor
— A\Net /zmpeak

. : .6  Total deposited energy to divertor
m el () Wdiv,IR = J Pdiv,IRdt

rpeak:O.

Temporal evolution and dependence on the ELM size of P,z and A,
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ELM heat flux profile with no striation — A, decreases most
significantly

15 6
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« No striation seen during the whole ELM rise time
A, decrease is generally largest, up to ~40 — 50%

Opeak KEEPS rising, A, cONtinues to decrease during the ELM rise time
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ELM heat flux profile with three striations — A, begins to rise

wet

25 , 12
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« 3 -4 filaments slightly raises A,; but at a later stage filaments disappear
and A,,.; decreases while power goes up

 This results in rapid e, INCrease
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ELM heat flux profile with three striations that reduces A,
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* Three filaments are observed but A, decreases in this case 2 (e,
remains rather constant after peak power deposition
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ELM heat flux profile with ten striations
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* Only 2- 3 filaments at initial stage of ELM rise time = A, slightly
decreases and g, reaches its maximum

« Afterwards, 9 — 10 filaments appear and broaden the profile by a factor of

~2 2 (peqx decreases even with rising ELM power

3207 06 08 i
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A, INcreases with the number of observed striations but
Jpeak d€Crease not obvious for n~4 and higher

During the ELM At ELM peak time
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* Due to the fact that ELM power increases with # of filaments
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Dependence of A, on ELM size shows both favorable and
unfavorable trends depending on filament numbers

« Type-l and type-lll ELMs show

100 0 - 5 filaments cases similar trend:
— ® Type-| | — Ayt (therefore i) decreases or
9_\_, ® Type-lll with high power increases during the ELM, depending
s ® Type-lll with low power on filament structures
-
W50 L ® Type-V i — The size of change becomes bigger
2 with the size of ELM power = A,
< decrease or increase becomes larger
=
< for larger ELMs
= 0 -
L}} « Type-V ELMs:
QL
= — Shows favorable trend of A,
% 50 ® increase and the size of increase is
= : : ijonal to the ELM si
10 100 ~H00 proportional to the Size
AP_ P (%)
ELM inter-ELM

« Larger ELM size gives bigger impact
on expansion and contraction of A,
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NSTX ELMs with 0 — 3 filaments: A, decrease leads to Q.
Increase with increasing ELM size for type-I ELMs
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NSTX ELMs with 2 -9 filaments: A, Increase leads to
constant g, With increasing ELM size for type-I ELMs
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EPED model predicts ITER ELMs to be against peeling
boundary with low n-number like NSTX

. Stability of ITER

Optimization of ITER Pedestal Height, EPED1.6

< 12 , : : _ pedestal i:_s limited by
= H) - - c_urrent-d_rlven
= 09 ] ] kink/peeling modes due
5 0.8[ ; to low collisionality and
= O0FL : shaping
7 06f :
- 0.5 —e— Pedestal Value (Global Bn=1.7)
S o3f - “Top" Value (Global py=17) ]+ Predicted n~3— 10,
© 0.2L —s— Pedestal Value (Global By=2.5): similar to NSTX >
g 0.1F -~ “Top” Value (Global Pn=2.5) - ELM profile broadening
0'06 ' } ' é ' 9', ' 1'0 ' 1'1 19 might not be as
Pedestal Density (10'° m™®) effective as JET

Snyder, NF 2011
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Conclusions

- ELM filament structure determines A, change and its mode
number can be used as a good figure of merit; low n (0 — 3)
general reduces A, and higher n (> 3) increases it

* The size of A, change is proportional to the size of ELM for
both increase and decrease cases

* For ELMs with low mode number, A, decrease leads t0 g4
Increase with increasing ELM size. For higher mode number,
Ayt INCreases and (., remains constant.

 |ITER ELMSs are predicted to have peeling nature, therefore low n
ELMs could be dangerous
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NSTX-U “RIDGE NSTX Physics talk — ELM filament impact on heat flux dynamics in NSTX (Ahn), 01/17/2014 17



Back-up Slides
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ELM heat flux profile with one striation - A, decreases most

of the time
2 8 .
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« Aclear filament appears during the ELM rise time but it is not enough to
keep A,.; from decreasing

« Heat flux also keeps going up while ELM power goes up
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ELM heat flux profile with five striations
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* Filaments clear_ly incr_eases AW,%t and this keeps g, Increase rather
modest even with rapid power increase
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