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Developing Advanced Divertor Solutions Requires an

Innovative Approach in Physics Combined w/Engineering
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2D Divertor Thomson Scattering Measurement Opens

Unique Window Into Physics of Divertor Detachment
2D Temperature qu

- Detached divertor solution provides

T, (eV) — Low heat flux, low erosion

- Gap - Validated predictive
_ capability for optimizing divertor
ttachd “Detached — Expand operating window
I — Enable high performance core
| A. McLean, PSI 2014 |

* Recent divertor Thomson upgrade improves low-Te performance
— Sub-eV temperature range captures recombination physics

- Systematic studies quantify key dependencies to compare with
divertor simulation codes

[A. Mclean, PSI 2014]




H-mode NBI Power Scan (Fixed |, and B, ) Shows Constant

Detachment Transition Threshold Separatrix Density
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Comprehensive Detachment Studies Challenge Divertor

Simulations to Drive Improvements to Edge Models

: WY=1.003
 Both SOLPS and UEDGE over-predict 40 |||:I$‘ ISeV)//
divertor T, with measured C levels . ?////m
— Raising total radiation (P,,g) to 1ol Pradx2 /s .
observed levels matches divertor T, 0 TS 120353

— But over-predicts line radiation

* Nonlinear detachment physics also
challenges models 0 01 0.2 03 04

— Codes predict more gradual transition Poloidal B distance from OSP (m)
to detachment than experiment

O DTS, 2.5 MW H-mode

— Atomic/molecular rates 40
exponentially sensitive o T, < 2eV

) 5 MW SOLPS

@) 5 MW SOLPS PradC=2.0

Te osp (eV)

Expect dramatic improvement
over next five years!
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LLNL Developed a Prototype Wide View Visible-IR

Periscope for ITER and Installed It on DIlI-D
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Wide-Angle Periscope View Shows ELM Interaction

With Plasma Facing Components in DIlI-D

ATime = 1.25 ms « High speed (~1ms), high

resolution color camera
« 2560 by 1600 pixels
« 800 frames per second

« Used with filters for positive
identification

- Doubly-ionized carbon (C*?)
emission before and during
an ELM

 Coherence imaging for
plasma flow measurements
will be added in 2015

1679.731 ms 1680.981 ms

[ S.L. Allen, APS 2014 |




Visible-light Coherence Imaging Reveals 2D lon Flow

Distribution in the Divertor
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SOL plasma flow plays a key role in
detachment and impurity retention




Large Poloidal Flux Expansion Reduces Peak Divertor

Heat Flux Leading to Naturally Detached Divertor

High flux expansion divertor

studies in NSTX Divertor approached detachment at lower X-point
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Soukhanovskii, EPS 2014: Large poloidal flux
expansion leads naturally to detachment.
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Snowflake-Minus Configuration Features Large Poloidal Flux

Expansion in Full Divertor, Large Reduction In Heat Flux

nowflake Minus

Increased /j
Divertor

Reduced
Divertor

Snowflake Divertor configuration
Heat Flux

(D. Ryutov, V. Soukhanovskii)
reduces heat flux by flux expansion,
all along X-point to farget plate.

Core confinement remains high

ELM heat flux reduced dramatically
with gas puffing
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S.L. Allen, IAEA 2012
V. Soukhanovskii, IAEA 2014




Configurations to Increase Divertor-Target Poloidal

Flux Expansion in DIlI-D (U Texas X-Divertor)
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[Recen’r UT experiments at DIII-D]




LLNL Team Provides World-Class Science to DIlI-D and

NSTX to Help Develop the Divertor Solution for Tokamaks

DIllI-D Responsibilities NSTX-U Responsibilities
 Divertor Thomson scattering Supersonic gas injectors

 Divertor IR heat flux imaging EUV Spectrometers (3)

 Divertor impurity imaging Laser blow-off system

* Full cross section VIS/IR High resolution divertor

ITER prototype periscope spectroscopy (VUV, NIR, UV-VIS)
- Coherence Imaging  Divertor impurity imaging
Flow measurements (? line cameras, 2D fast cameras,

- NIR spectrometer bolometers, and filterscopes)

% EUV SPRED spectrometer soon * Opfical Penning Gauge J

|
[LLNL Edge and Divertor Simulation Codes: UEDGE, BOUT++, COGENT]
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