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Why are We Interested in Plasma Interaction on the

ITER First Wall?

e ITER will startup on limiters

The ITER startup will use inside or outside limiters in L mode but the
scaling predictions of power decay lengths are based on

extrapolation from the diverted plasma database. The power

deposition distribution will depend on the power flux density scrape-
off length

e Power deposition expected outside the main divertor

- ITER will use unbalanced double-null configurations with a secondary
divertor at the top. Thermal and particle loads during and between

ELMs need to be better known in secondary divertors and will help
verify ITER design models

e DIII-D can contribute

DIII-D, with good diagnostics, excellent shape control, and a flat

lower divertor target geometry provides an excellent platform to
study these issues




SOL Power Decay was Measured by Probes and IRTV

e Poloidal cross sections of the

magnetic configurations used in the
SOL width study include:

- Inner wall limited (IWL)
- Toroidally limited (TL) and
- Lower single null (LSN) diverted

e Density and temperature SOL widths
were measured with the midplane
reciprocating probe and power
decay lengths were calculated from:

1/hg = 1/A+3/24

* Density and temperature decay
lengths were correlated and IWL
widths were 2.5X the LSN widths as
expected for ITER
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SOL n_, and T, e-folding Lengths Nearest to the Last

Closed Flux Surface are Used for the Scaling
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Power Flux Decay Measurements do not Correlate
With the Expected Scaling

e From the ITER thermal load specification, the SOL power flux scaling,A,
is expected to be:

Ay = (14/-1/3) 3.6 104 R(m)? P, (MW)-22 xqy5 x ne(10'?m-3)xZeff 06

e The reciprocating probe measurements do not correlate with the
plasma parameter scaling trends but most measurements are
nevertheless within a factor of 2 of the absolute magnitude of the
scaling prediction
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A4 in IWL is Consistent With Simple SOL Power Balance

*** From a simple SOL power balance we can expect:
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The dependence is fairly close to linear
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Fast IRTV Images Show Structure During an ELM

Secondary divertor IRTV images of flat lower divertor targets before and during an ELM

Before ELM During ELM




Upper Primary Divertor with lon Grad B Drift Up was
Used to Study an ITER-like Secondary Divertor

. Langmuir probes
 FastIRTV looks downonto  Primary
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e Langmuir probes are
embedded in the target
plate tiles in both divertors
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Density and Magnetic Balance Effects on the

Secondary Divertor Were Studied

e Reference shot

— Type 1 ELMing
H mode

e Density and drsep
were scanned with
other parameters
fixed

e Higher density (red) -
makes smaller more
rapid ELMs, higher
div 2 recycling

e Magnetic shift up
(higher drsep)
reduces the div 2
interaction (blue)
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Secondary Divertor Time-averaged Heat Flux Profiles

Depend on Magnetic Balance and drsep

e The time averaged heat

flux in the secondary Time averaged IRTV heat flux profiles
divertor is 0-55 ——
- Peaked af the strike 0.4f h

point with typical inifial
spatial decay

- Shows the effect of
magnetic balance on
the heat flux(blue)
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Secondary Divertor Heat Flux Profiles Show

Exponential Decay and Broader ELM Footprint

This time averaged

heat flux profile with 05T ——— T
background subtracted =1 Timeaveraged | Shot 142217 :
has been averaged over 0.4F 1 heat flux profile | 1500-3500 ms
2 seconds & F | I 3
£ 03f | | :
. = : ;
e The ELM footprint shows = E
a peak near the < 02F | :
secondary divertor strike &
point but is broader than s 0.1; 3
the averaged profile I 0 0
o The time averaged heat | |
flux profile at the inner -1 .

strike point is largely due 1.0 12 14 16 18
to ELMs Major Radius (m)
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ELM Heat Flux is Large and Erratically Distributed

e The ELM heat flux footprint
is shown for three times
during the ELM

10— ' 2| shot1az217 -
e The shape is variable sf & g 2067.8 - 2068.1 ms
and could be affected [ =
by reflections and thin E 6L E 3 ;
deposited layers = | & IS -
especially atthefarsoL < ,| 3 5 :
e The amount of heat flux = ol i
at the inner strike pointis £ | :
larger than expected for ol | , I Y A0h "
the secondary divertor ; I
but moves with the strike -2 1
point and is too fast to be 1.0 1.2 1.4 1.6 1.8
affected by camera Radius (m)

motion
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Particle Flux Profiles Also Show a Broader

ELM Footprint

1.2 . . | | |
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Core ELM Energy Loss From EFIT is Compared to

Secondary Divertor Integrated ELM Energy from IRTV
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About 20 % of the Core ELM Energy Loss is Deposited

in the Secondary Divertor for this Plasma Shape

 The plotted points are the 1.0 I T errTrp—
fraction of the core energy : secondary divertor target ||
loss that arrives in the 0.8 i
secondary divertor - @ .
e The median value of the _ 06F @ .
points in the graph is s |
about 20% s e .
0.4+ - “ agp |
o The scatter is the points is : o Te was |
largely due to uncertainties PIRCE S a 5% gm
in the core energy loss for the ' o e e %o
smaller ELMs T, e o s a % e
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Summary

e SOL power decay widths in L mode limiter plasmas

- IWL cases ~ 2.5 X diverted LSN (as assumed for ITER)

- No correlation with scaling tfrend of plasma parameters but results
constitute indirect confirmation of R2dependence of scaling

- Results consistent with simple SOL power balance

e Secondary divertor
- Heat flux profiles were broader and more uneven than expected
- Multi peaked ELM footprints were seen
- 20% of core ELM AE was measured at the secondary divertor target plate
- More heat flux than expected at the secondary divertor inner strike point
- Density and drsep scans demonstrated that
- Higher density REDUCES ELM size and secondary divertor AE
- Higher drsep REDUCES heat flux and ELM interactions
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