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Candidate NSTX-U Baseline Year-1 Lithium Plan 
- for Noteworthy Results Early in the Campaign 
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• Install ATJ Graphite tiles on Lower, Inner & Outer Divertor 

• Install subset of existing tile diagnostics on Lower Outer Divertor 

• Mount the 2011 Molybdenum tiles on Upper Inner Divertor 

• Mount the 2011 LITERs on Upper Divertor 

• Mount suitable Lithium Technology for coating Upper Divertor 

• Take 6 shots without lithium 

• Start lithium deposition, and obtain research grade shots  
within 10 discharges (Kugel, PSI 2010, Fig.7), or do 3 TMBs  
and take 6 weeks (M. Bell, Startup Calendars, 2006-2010) 

• Proceed to qualify Upgrade & initiate characterization of NBI current drive 
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Near Term Option-1:  
Coat Lower Divertor using 2 Upper LITERs 
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• Coat Lower Divertor using 2 Upper LITERs  
   + 4 LITERs available: allows 2 spares for reloading and uninterrupted service 
   -  will not allow Upper Divertor coverage for USN and DND discharges 
   -  will not allow extension of the “more lithium coverage is better” database 
   -  reinstallation concerns  

 • Inspect port covers and adjust the LITER shutters 
 • Reinstall LITER Fill Stands to allow trial-alignments and filling 
 • Test and align Bay-F and Bay-K LITERs for BBQ rail clearance 
 • Reinstall LITER control rack and cables 
 • Test LITER controls (computer, PLC, Shot Clock)   

Empty and clean 
before each full  
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Near Term Option-2:  
Coat Lower and Upper Divertors Using 4 LITERs 
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 • Coat Lower and Upper Divertors using 2 Upper LITERs aimed at Lower 
   Divertor and 2 lower LITERS aimed at Upper Divertor 
   + provides twice the lithium coverage for extension of Li coverage database 
   + allows coating on Upper divertor for USN and DND studies 
   - allows no spares for reloading; will result in episodes of no-LITER during reloading 
   - need to allocate 2 lower divertor ports 
   - need to fabricate 2 additional port cover and shutter assemblies 
   - need to purchase 2 additional sets of power supplies and controls 
   - need to upgrade computer and PLC control software 
   - need to solve LITER upside-down loading and operating issues 

LITER AIMED UP LITER AIMED DOWN 

How high 
 to fill? 

•  Loading  
   LITER–Up 
   using LIFTER 
   requires new 
   Fill Stands   
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 Near Term Option 3a:  
Coat Upper Divertor Using LITER-Fast 
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• Use 2 Upper LITERs for coating  Lower Divertor,  and a new technology, LITER-Fast 
  for coating Upper Divertor 
• Requirements for LITER-Fast 

 + to eliminate the thermal inertia of a large reservoir of liquid lithium, perform 
   directed 1-2 min, flash evaporation of 200mg of lithium from suitable crucible     
 + to eliminate shutters and associated failure modes provide for  

         fast cool-down(~5 min) using a suitable coolant  
 - Requires precise refill of fast-crucible from outside the vessel using  
   e.g., LIFTER, MAIN, EM injector, or other method 

• Issues:  
 - requires R&D  
 - requires ports, controls,.. 

Lithium 
 Filled 
Bellows 

Valve 

43.5”Lithium  
     Stream 

LIFTER = Liquid LIthium Filler for LITER 
MAIN FILL = MAnaged INjection FIller for Liquid Li 

MAIN!
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Near Term Option 3b:  
Coat Upper Divertor Using Electrostatic Injection 
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    • Electrostatic Lithium Injector (ELiI) is under development at UIUC ( Andruczyk et al) 
        • Charged 200 µm lithium droplets are formed and accelerated to a biased target 

 + might be relatively simple 
 - present embodiment requires biasing the target 
 - 200 mm granules propelled; uniform surface coatings need to be demonstrated 
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Research and Development Procedure for LLD-2 
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•  An analysis in progress of 5 proposed flowing liquid concepts indicates common 
  questions that impact the selection fabrication, installation, and operation of a reliable 
  flowing liquid divertor system for NSTX-U 

•  Proposed concepts. 
 1. Toroidal Closed Divertor Lithium Tray on Outer Divertor (M. Ono)  
 2. KTM Lithium CPS (I. Lyublinski)  
 3. Flowing Liquid Lithium System (FLiLi, L. Zakharov) 
 4. Steady-State Soaker Hose (J. Goh)  
5. Lithium/Molybdenum Infused Trenches (LiMIT, D. Ruzic) 

• Questions resulting from this analysis are being used to derive the proposed 
   2012-2014 experiments and testing. 
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Concept-1: Toroidal Closed Divertor Li Tray on Outer Divertor 
- A Location and Geometry Concept 
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• Several embodiments 
  are possible to minimize 
  installation issues and 
  experimental constraints 

• Needed 2012-2014  
  experimental data: 
  - what is optimum D 
    retention Li surface 
  - Li rate of flow 
  - Li inlet design 
  - Li drain design 
  - Li external heating  
  - Li external metering  
  - Li external purification 
  - will it restart after cooling  

M.Ono 
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 Concept-2: KTM Lithium Capillary Porous System (CPS) 
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I. Lyublinski 

(Capillary Porous surface) 

  - what is optimum D 
    retention Li surface 
  - Li rate of flow 
  - Li external metering  
  - Li external purification 
  - will it restart after cooling !
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Concept-3: Flowing Liquid Lithium System  
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L. Zakharov 

• Requires either a 
toroidal or radial conic 
section flow surface 
with heat sink. Could be 
applicable at the 
Concept-1 location. 

• Needed 2012-2014  
  experimental data: 
- optimum surface for 
  Li wetting  
 - optimum substrate for 
   survivability during 
   disruptions 
-  Li rate of flow 
- Li input design 
- Li drain design 
- Li external heating  
- Li external metering  
- restart after cooling 
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 Concept-4: Steady-State Soaker Hose 
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J.Goh 

• Could be applicable 
  at the Concept-1 
  location. 

• Needed 2012-2014 
  experimental data: 

- Li compatible bonding  
  of mesh surface to  
  edge supports & tubes 
  needed 
- optimum surface for Li 
  wetting & restart after 
  cooling 
-  Li rate of flow 
- Li input design 
- Li drain design 
- Li external heating  
- Li external metering  
- restart after cooling 
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Concept-5: Lithium/Molybdenum Infused Trenches  
on Inner Divertor 
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D.Ruzic 

•  Needed 2012-2014 
  experimental data: 
 -  propulsion in 1-2T? 
 -  disruption forces? 
 - optimum D  
    retention 
  - Li surface wetting 
  - Li rate of flow 
  - Li input design 
  - Li drain design 
  - Li external heating  
  - Li external metering  
  - startup after cooling 
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2012-2014 Laboratory Experiments at PPPL, & Machine Experiments at 
EAST, FTU, KTM,.. Could Provide Guidance for Design of NSTX-U Flowing 

Liquid Divertor System 
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•  Analysis of 5 proposed flowing liquid concepts indicates common questions that 
  impact the selection, fabrication, installation, and operation of a reliable flowing liquid 
  divertor system for NSTX-U.  
-  How does D retention in CPS mesh behave in presence of high power densities?  

- How does the selected liquid lithium substrate wet, accumulate impurities, effect D 
  retention versus vacuum impurities, discharge impurities, and operating temperature. 

- Will continuous impurity buildup impede restart after cooling? What is the required 
  maximum system temperature for restart? Is it is best to drain system before cooling? 

- What is the range of Li flow rates as determined by D retention, impurity accumulation, 
  and long term reliability. 

- What is the optimum substrate, heating fluid, and technique for the NSTX-U environment? 

- How to provide diagnostics for real-time Li surface quality indication, internal and 
  external Li flow measuring, reliability during operations. 

- Power-handling versus particle control: How does the selected liquid lithium substrate wet, 
  accumulate impurities, effect D-retention versus vacuum impurities, discharge impurities, and 
  operating temperature. 
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Summary and Conclusions 

• Year-1 Lithium Startup Options 
 1. Coat Lower Divertor using:  

  2 Upper 2011-LITERs (this provides 2 spares)  
  2. Coat Lower Divertor and Upper Divertor using:  

  2 Upper 2011-LITERs for Lower Divertor  
  and 2 Lower 2011-LITERs for Upper Divertor (provides no spares) 

  3. Coat Upper Divertor using new technologies: 
2 Upper 2011-LITERs for Lower Divertor  

and new technologies for Upper Divertor 
  a. LITER-Fast (200mg flash w/fast cool-down) 
  b. Electrostatic Injection (UIUC) 

 • NSTX-U research progress beyond present lithium coatings and passive liquid 
lithium surfaces requires: 
- maintain a chemically-active, moving, liquid lithium divertor surface 
- capability to be solidified and re-liquefied for recirculation many times 
- diagnostic capability to measure flow and surface quality between discharges 

14 
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Backup 
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Concept-3: Flowing Liquid Lithium System  
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L.Zakharov 

•  Mo or SS 
  bonded to 
  heat sink 
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Concept-5: KTM Lithium Capillary Porous System (CPS) 
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I.Lyublinski 
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I.Lyublinski 

Concept-5: KTM Lithium Capillary Porous System (CPS) 
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Concept-5: KTM Lithium Capillary Porous System (CPS) 
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I.Lyublinski 
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Concept-5: KTM Lithium Capillary Porous System (CPS) 
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I.Lyublinski 
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Concept-5: KTM Lithium Capillary Porous System (CPS) 
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I.Lyublinski 

PNEUMATIC PUMP 
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Pathway for Development of a Clean, Continuously Moving, 
Liquid Lithium Divertor Surface for NSTX-U   
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• The R&D pathway to develop this capability could proceed as follows: 
   1. Test simple-as-possible Single-Pass and Cyclical Flow concepts 
   2. Characterize simple-as-possible operation in tokamak-like vacuum 
   3. Characterize behavior in vacuum of candidate NSTX PFC prototypes 
   4. Move portable candidate PFC to high power density source & characterize 
   5. Characterize PFC in applied magnetic fields with high power densities 

• The Proposed R&D  
    • The goal would be to assemble a simple facility to accomplish  
      R&D Steps 1, 2, and 3 
    • The developed system should be portable enough to enable the 
      performance of Steps 4 and 5 on a suitable Test Stand 
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Existing Technology and Capability to be Leveraged to 
Implement this Work - LITER Loader developed in 2010  

23 
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Schematic of Possible Near Term Liquid Lithium Test Facility 
- Pump Port, Heating, GDC, Instrumentation, and Diagnostics Not Shown  
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A 

B C 

D 

E 

Candidate Liquid Li PFC, 
Either Mounted with 
Seals or Retractable to 
Side Diagnostic Chamber 

6-way Cross 
(not all ports shown) 

Inlet Reservoir 
LITER-Style Li 
Filler. (Slide 23) 

0-5psi Argon 
or Helium 

INLET OUTLET 

• Cyclical Flow Mode 
    When Outlet Reservoir Full: 

 - Close valves A,B,C 
 - Open valve E, D 

    When Inlet Reservoir Full: 
        - Repeat Single-Pass steps 

Single-Pass Flow Mode 
  - Close valves D, E 
  - Open valves A, B, C 

Outlet Reservoir 
LITER-Style Li Filler 
(Slide 23) 

Refer to 
Slides 7-10 

 or EM 
Pump 
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XP-1: Test Simple-as-Possible Single-Pass  
and Cyclical Flow Concepts 
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XP-2: Characterization of Vacuum Interactions 
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XP3: Characterize Vacuum Interactions and 
 Restart Capabilities of Candidate NSTX-U Prototypes 
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