. NSTX-() Overview of NSTX Research Facility Upgrades and Plans

NSTX Upgrade Mission Elements

« Advance ST as candidate for ST-FNSF

Fusion Nuclear Science Facility
(FNSF)

* Develop solutions for the plasma-
material interface challenge

 Explore unique ST parameter
regimes to advance predictive
capability - for ITER and beyond

* Develop ST as fusion energy

ST Pilot Plant
system

Non-inductive ramp-up from ~0.4MA to ~1MA projected to be
possible with new centerstack (CS) + more tangential 2"? NBI

New CS provides higher TF (improves stability), 3-5s needed for J(r) equilibration
More tangential injection provides 3-4x higher CD at low I;:

2x higher absorption (40>80%) at low I, = 0.4MA

1.5-2x higher current drive efficiency
TSC simulation of non-inductive ramp-up
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100% non-inductive operating points projected for a
range of toroidal fields, densities, and confinement levels

B;=1.0T,l,=1MA, P, = 12.6MW

Contours of Non-Inductive Fraction

Projected Non-Inductive Current
Levels for k~2.85, A~1.75, f5,=0.7
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NSTX-U will investigate detachment and high-flux-expansion
“snowflake” divertor for heat flux mitigation
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NSTX data Snowflake Divertor
8[ Div. heat flux (MW/m?)
6k 0.36 s - before snowflake |

0.57 s, 0.70 s - forming snowflake |

0.895 s - radiative snowflake

4
‘— -
s
ns n=
palP Zesasssannnnin ®

2 n B\
ol o . . f&q&e expansion = 40-60
03 04 05 06 07 lowers incident q,, promotes detachment

Divertor R (m)

NSTX-U: U/D balanced snowflake has < 10MW/m? at |5 = 2MA, P, x=10-15MW

M. Ono and NSTX-U Team

Substantial Increase in NSTX-U Device / Plasma Performance NSTX Upgrade Project Progress Overview Aerial View of the NSTX-U Test Cell (Nov. 2013)

To provide data base to support ST-FNSF designs and ITER operations R. Strykowsky, E. Perry, T. Stevenson, L. Dudek, S. Langish, T. Egebo, M. Williams and the NSTXU Project Team
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Improved Center-Stack Design to Handle Increased Forces Lqupoﬁr for the TF-OH Gai) Maintenance
Identical 36 TF Bars and Innovative Flex-Bus Design 1 mm gap is maintained utilizing water soluble aquapour
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o &

Lo : ' Rolled Aluminum Cylinder wrapped with epoxy/glass insulation represents TF Bundle
TF I |
OO i TF flex-bus El?Ctl’lC DISCha}e Maintains true TF OD and clearance space at top and bottom
Will use actual mold segments and alignment pins - .
~ B P s Relocation of the 2" NBI beam line box from the

1. Filling of Aquapour
2. Curing of Aquapour with heating blankets
3. Washing Out of Aquapour

TFTR test cell into the NSTX-U Test Cell Complete.

TFTR NBI beam box and components successfully tritium decontaminated.
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NSTX-U diagnostics to be installed during first 2 years
Half of NSTX-U Diagnostics Are Led by Collaborators

MHD/Magnetics/Reconstruction

Magnetics for equilibrium reconstruction

Halo current detec

tors

High-n and high-frequency Mirnov arrays
Locked-mode detectors

RWM sensors

Profile Diagnostics

MPTS (42 ch, 60 Hz)
(1), n=(R), n_(R), (51 ch)

T-CHERS: T(R), V,
P-CHERS: V(1) (7'
MSE-CIF (18 ch)
MSE-LIF (20 ch)
ME-SXR (40 ch}

ch)

Midplane tangential bolometer array (16 ch)

Turbulence/Modes Diagnostics

Poloidal FIR high-k scattering

Beam Emission Spectroscopy (48 ch)

Microwave Reflectometer,
Microwave Polarimeter
Ultra-soft x-ray arrays - multi-color

Energetic Particle Diagnostics

Fast lon D_ profile measurement (perp + tang)
Solid-State neutral particle analyzer
Fast lost-ion probe (energy/pitch angle resolving)
Neutron measurements

New capability, Enhanced capability

Edge Divertor Physics
Gas-puff Imaging (500kHz)
Langmuir probe array
Edge Rotation Diagnostics (T, V,, V)
1-D CCD H_ cameras (divertor, miaplane)
2-D divertor fast visible camera
Metal foil divertor bolometer
AXUV-based Divertor Bolometer
IR cameras (30Hz) (3)
Fast IR camera (two color)
Tile temperature thermocouple array
Divertor fast eroding thermocouple
Dust detector
Edge Deposition Monitors
Scrape-off layer reflectometer
Edge neutral pressure gauges
Material Analysis and Particle Probe
Divertor VUV Spectrometer

Plasma Monitoring
FIReTIP interferometer

Fast visible cameras
Visible bremsstrahlung radiometer

Visible and UV survey spectrometers

VUV transmission grating spectrometer
Visible filterscopes (hydrogen & impurity lines)
Wall coupon analysis

Formulating Strategy Toward Full NSTX-U Parameters

After CD-4, the plasma operation could enter quickly into new regimes
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I, Flat-Top at max.
allowed I, I, and B; [s]
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Year 1 Year 2 Year 3 Ultimate
NSTX-U NSTX-U NSTX-U Goal
Operations Operations Operations
(2015) (2016) (2017)
~1.6 2.0 2.0 2.0
~0.8 1.0 1.0 1.0
80 120 160 160
~3.5 &0 5 5

1st year goal: operating points with forces up to 72 the way between
NSTX and NSTX-U, "z the design-point heating of any coil

Will permit up to ~5 second operation at B;~0.65

2"d year goal: Full field and current, but still limiting the coil heating
Will revisit year 2 parameters once year 1 data has been accumulated

3rd year goal: Full capability

Facility and Diagnostic Enhancements
to support the exciting 5 year research plan:

FY FY FY FY FY
2014 2015 2016 2017 2018
Upgrade Outage 1.5 > 2MA, 1s > 5s
S 14 14 1 . )
Run Weeks 0 L 6 Cryo-pump, high-Z tile row on cryo-baffle,
New Start-up Upgraded CHI < 51005 VA and partial NCC would be installed in-vessel
center-stack and for ~0.5MA 051 WA plasma gun | during ~1 year outage between FY2016 and
Ramp-up FY2017
1 MW ECH/EBW <—‘
NSTX-U would operate 1st half of
Boundary diverter @ Divertor FY2016 and 2" half of FY2017
Physics Thomson
cryo-pump
Materials High-Z tile High-Z tile High-Z_ ~ All high-Z
row on row on PFCs
and PFCs |ower OBD cryo-baffle diagnostics <—@ Priority scope
Liqud @ LLD using Flowing Li Incremental scope
metals | Ljgranule @ Eﬁ-‘ggd bakeable dl\ll_er!or P
lithium injector : cryo-baffle % (;andtlgr
MGI Partial NCC SPA upgrade
MHD @ disruption o NCC P9
mitigation <—@ Enhanced MHD sensors
Transport & @ 3B polarimetry DBS, PCI, or other
Turbulence ‘ High k, intermediate-k
Waves and HHFW limiter upgrade HHFW straps
2nd NBI Energetic g coil AE oo o excite EHO |
Particles ‘ antenna. 4 coil AE antenna Charged fusion product, neutron-collimator
Scenarios Establish control of: Control
and Control 00 Integration,

Snowflake n, Rotation

Omin Divertor P, optimization



