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NSTX-U Overview of NSTX Research Facility Upgrades and Plans 
M. Ono and NSTX-U Team  

NSTX-U Test Cell General Arrangement Drawing 

NSTX-U NBI – Refurbish Ion Sources 

• 1!

TF OD = 40cm!
!

Previous  
center-stack 

TF OD = 20cm  

 

RTAN [cm] __________________  
 50,  60, 70, 130  60,  70,120,130 70,110,120,130 

n e /  n Greenwald 
0.95 
0.72 

IP=0.95MA,  H98y2=1.2, βN=5, βT = 10% 
BT = 1T, PNBI = 10MW, PRF = 4MW 

Ø 2x higher CD efficiency from larger 
tangency radius RTAN 

Ø 100% non-inductive CD with  q(r) 
profile controllable by: 
tangency radius, density, position 

 New 2nd NBI Present NBI 

Normalized e-collisionality νe* ∝ ne / Te
2 

ITER-like 
scaling!

ST-FNSF !
!

?!

 constant 
q, β, ρ*	



NSTX 
Upgrade!

Ø 2x higher BT and IP increases T, 
reduces ν* toward ST-FNSF to 
better understand confinement 
 

Ø  Provides 5x longer pulses for profile 
equilibration, NBI ramp-up 

New 
center-stack 

J. Menard, et al., Nucl. Fusion 52 (2012) 083015 

NSTX Upgrade will address critical plasma confinement and 
sustainment questions by exploiting 2 new capabilities 

1!

Close up view of solder 
joint on test conductor 

Bar post-soldering 
and ground smooth!

Bar placed on heat 
plate, cooling tube 
inserted into grove!

Vacuum-pressure impregnation 
(VPI) using special cyanate-ester 
epoxy blend (CTD-425) required 
for shear strength will be used for 
the inner TF assembly 

Recent successful VPI trials!

Quadrant mold for VPI nearly ready!

TF cooling tube soldering & flux removal process improved,  
 1st quadrant of TF bundle to be completed November 2012 

Friction-stir welded joint 

CuCrZr Cu 

• 1!

Wire EDM used instead of laminated build Flexible TF strap 

Substantial R&D completed to achieve  
higher toroidal field with new center-stack 

Upper TF/ OH Ends!

4. OH leads placed at bottom, made 
coaxial to minimize forces, error-fields!

2. Improved TF joint design 
•  Joint radius increased à lower B 
•  Flex-jumper improved 

3. Reinforcements: 
•  Umbrella structure 
•  PF, TF coil supports 

1. Simplified inner TF design 
•  Single layer of TF conductors 

• 1!

Design solutions for increased loads:!

Major engineering challenge of NSTX Upgrade: 
Field and current each increase 2×  E-M forces increase 4x 

Oct. 2011: Start of construction 

Sept. 2011: NBI space cleared 

Oct. 2012:  2nd NBI box moved to test cell 

Upper diagnostic platform installed 

• 1!

Significant progress made during past year 
to prepare NSTX-U test-cell and 2nd NBI 

Divertor heat flux width decreases with 
increased plasma current IP 

 
 

Can reduce heat flux by 2-4× in NSTX 
via partial detachment at sufficiently 

high frad  
 

à 30-45MW/m2 in NSTX-U with conventional 
LSN divertor at full current and power 

λq
mid ~ Ip-1 to -1.6 

NSTX-U:  U/D balanced snowflake has < 10MW/m2 at IP = 2MA, PAUX=10-15MW 

NSTX data!

• 1!

Snowflake Divertor Standard Divertor 

•  Snowflakeà high flux expansion = 40-60 
lowers incident q⊥, promotes detachment"

Soukhanovskii EX/P5-21!

NSTX-U will investigate detachment and high-flux-expansion 
“snowflake” divertor for heat flux mitigation 

From GTS (ITG) and GTC-
Neo (neoclassical):  

 χi,ITG/χi,Neo ~ 10-2 
Assumption of neoclassical 
ion thermal transport should 

be valid 

BT [T] Pinj [MW] IP [MA] 

0.75 6.8 0.6-0.8 

0.75 8.4 0.7-0.85 

1.0 10.2 0.8-1.2 

1.0 12.6 0.9-1.3 

1.0 15.6 1.0-1.5 

Projected Non-Inductive Current 
Levels for κ~2.85, A~1.75, fGW=0.7"

BT = 1.0 T, IP = 1MA, Pinj = 12.6MW!
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Contours of Non-Inductive Fraction!
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• 1!

S. Gerhardt, et al., Nucl. Fusion 52 (2012) 083020 

100% non-inductive operating points projected for a  
range of toroidal fields, densities, and confinement levels 

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

2x higher absorption (4080%) at low IP = 0.4MA 
1.5-2x higher current drive efficiency 

Present NBI! More tangential 
2nd NBI!

TSC simulation of non-inductive ramp-up 
from IP = 0.1MA, Te=0.5keV target at BT=1T 

1 

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

BL Refurbishment: Ion Dump and Calorimeter - completed 

BL Refurbishment: Box, Lid & Cryo panels,  
90 inch Flange w/Neutralizers, and Magnet 

Conductor 
bar being 
removed 
from oven 
after post 
solder bake 
out. 

Bar being 
wrapped 
with 
insulation. 

Entering the riskiest stage of 
the project. Inner TF and OH 
fabrication and VPI. 

1!

Center Stack – Inner TF Quadrant Assembly Underway 
Insulated Conductor Bars Being Placed into Quadrant Mold 

1!

New NBI Port-Cap Has Been Received 
Enables Tangential Injection for Non-Inductive Operations 

• Materials, machining meet spec (but welds were re-worked)  
• Preparing to plasma-cut hole in vessel for cap installation  

Developed comprehensive long-range plan for NSTX-U supporting ITER 
and FNSF – next step is to down-select based on priorities and budgets 

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 
1.5 à 2 MA, 1s à 5s 

NCC 
coils  

0.2-0.4 MA 
plasma gun 

0.3-0.5 
MA CHI 

0.5-1 MA 
CHI New  

center-stack 

2nd NBI 

Upgrade Outage" Advanced PFCs, 5s à 10-20s 

up to 1 MA 
plasma gun 

U or L 
Mo divertor 

U + L 
Mo divertor 

Extend NBI duration or 
implement 2-4 MW off-axis 
EBW H&CD 

1MW 2 MW ECH/EBW 

Divertor 
cryo-pump 

Upward 
LiTER 

Flowing Li divertor 
or limiter module  

Li granule 
injector 

All High-Z PFCs 

Full toroidal 
flowing Li 
divertor  

HHFW straps for 
EHO, *AE 

Hot High-Z FW 
PFCs 

NCC SPA 
upgrade  

Enhanced 
RFA/RWM 

sensors 

DBS, PCI or other 
intermediate-k High kθ	

 δB 

polarimetry	



Divertor 
Thomson 

Dedicated EHO or 
*AE antenna HHFW feedthru & 

limiter upgrade 

"
"
"
"

U.S. FNSF 
conceptual 

design 
including 

aspect ratio 
and divertor 
optimization 

 

Rotation 
control qmin control 

Snowflake 
control Control 

integration 

Diagnostics for high-Z 
wall studies 

MGI 
disruption 
mitigation 

tests 

Start-up 
and 

ramp-up 

Boundary 
physics 

Materials 
and PFCs 

Lithium 

MHD 

Transport & 
turbulence 

Waves and Energetic 
Particles 

Scenarios and 
control 

Confinement scaling (electron transport) 
Non-inductive ramp-up and sustainment 

Divertor solutions for mitigating high heat flux 
Radiation-tolerant magnets (for Cu TF STs) 

 

* Includes 4MW of high-harmonic fast-wave (HHFW) heating power!
VECTOR (A=2.3)!

JUST (A=1.8)!

ARIES-ST (A=1.6)!

Low-A !
Power Plants!

Key issues to resolve 
for next-step STs!

Parameter NSTX NSTX 
Upgrade 

Fusion Nuclear 
Science Facility Pilot Plant 

Major Radius R0 [m] 0.86 0.94 1.3 1.6 – 2.2 
Aspect Ratio R0 / a ≥ 1.3 ≥ 1.5 ≥ 1.5 ≥ 1.7 
Plasma Current [MA] 1 2 4 – 10 11 – 18 
Toroidal Field [T] 0.5 1 2 – 3 2.4 – 3 
Auxiliary Power [MW] ≤ 8 ≤ 19* 22 – 45 50 – 85 
P/R [MW/m] 10 20 30 – 60 70 – 90 
P/S [MW/m2] 0.2 0.4 0.6 – 1.2 0.7 – 0.9 
Fusion Gain Q 1 – 2 2 – 10 

• 1!

NSTX Upgrade will access next factor of two increase in 
performance to bridge gaps to next-step STs 

NSTX-U OH/TF Manufacturing Area NSTX-U Center-Stack Fabrication Underway 


