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Supersonic gas injector installed on NSTX in 2004,
experiments conducted in 2005-2006

• NSTX SGI is operated at flow rates 20-65 Torr l /s 
(1.5 - 4.5  x 1021 s-1) - unique fueling tool

• Supersonic deuterium jet:
 Jet divergence half-angle: 6o - 25o (measured)
 Mach number M = 4 (measured)
 Estimated: T ~ 60 - 160 K, n < 5 x 1023 m-3, Re = 6000,

 vflow = 2400 m/s , vtherm ~ 1100 m/s

H-mode fueling optimization and density control
are studied on NSTX using supersonic gas jet

 

L = 23.4 mm
dthroat = 0.254 mm
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Supersonic gas jet penetration mechanism is
different than that of conventional gas injection

 

 High density plasmoid blocks jet from
deep penetration into magnetized
plasma

 Depth of penetration is ultimately
determined by jet pressure and
plasma kinetic and magnetic
pressure

 Desirable for fueling are molecular
clustering and/or droplet formation
in jet achieved at very high pressure
and cryogenic temperatures

Gas jet
neutral 
density

Plasmoid

 Unlike conventional gas injection, penetration depth of supersonic gas
jet cannot be described by single neutral particle ionization / charge
exchange penetration model

 Supersonic gas jet is a low divergence high pressure, high density gas
stream with low ionization degree - bulk edge/SOL electrons do not
fully penetrate gas jet

Bt

References: Rozhansky et al. NF 46 (2006) 367 
   Lang et. al. PPCF 47 (2005) 1495
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Supersonic gas jet weakly perturbs plasma edge

• SGI Langmuir probe does not typically
show Te reduction or Isat increase

• Magnetic sensors on SGI do not show
any EM perturbations

• Plasma turbulence filaments (“blobs”)
or ELM perturbations traverse through
gas jet plasmoid

• SGI remains at room temperature
• In ohmic plasmas, SGI-LCFS distance

held at 2-15 cm
• In NBI-heated plasmas, SGI-LCFS

distance held at 6-8 cm

0.75 MA Ohmic
0.8 MA 3 MW NBI 
H-mode

During supersonic gas
injection
 In ohmic plasmas edge

density rise is often
observed

  In H-mode plasmas, ne
“ear” height and width
often increase, edge/
pedestal and/or core Te
decrease by < 15 %
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Supersonic gas jet fueling efficiency is x 2-5
higher than that of conventional gas injection

 Instantaneous fueling efficiency
(FE) is calculated as dNe/dt * Γ-1

 In ohmic plasmas, FE is a function
of SGI-LCFS distance (SGI at Γ ~ 40
Torr l /s) in LSN configuration

 FE in inner wall -limited plasmas
higher than in diverted config.’s

0.75 MA
Ohmic

 FE in LSN H-mode plasmas 0.1-0.4
(SGI at Γ ~ 65 Torr l /s ~ 4.2 x 1021 s-1).

IW-limited L-mode target plasma for lithium
experiments
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Encouraging initial results obtained toward the
goal of reducing uncontrolled HFS fueling

 Shown two
discharges with
full HFS fueling
and reduced
HFS + SGI
fueling

 HFS fueling rate
reduced  up to
a factor of 20

 Experiment
was run when
multi-pulse SGI
capability was
not yet
available -
further
optimization is
to be done

 With SGI fueling ELMs change from small and type I to
type III

 H-mode power threshold lower with SGI than with
conventional LFS gas

SGI 65 Torr/l s
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DEGAS 2 simulations help develop supersonic gas
jet penetration mechanism model

 DEGAS 2 is a Monte Carlo neutral transport code
 Conventional gas injection: T = 300 K, Supersonic gas injector: T = 50 K +

vflow = 2200 m/s
 Not self-consistent: fixed Te, ne, etc are used
 Simulation results suggest that higher supersonic jet fueling efficiency may

be a result of gas jet proximity to plasma and low gas jet divergence
 Further development of the fluid model is in progress
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Summary and future work
 SGI injects deuterium at Γ < 5 x 1021 particles/s in quantities 0.1 - 0.3 of

NSTX plasma inventory in a multi-pulse and/or continuous fashion with
measured fueling efficiency 0.1 - 0.4

 Reliable H-mode access and low power threshold (< 2 MW NBI) in SGI-
fueled H-mode discharges

 Progress has been made in development of SGI-fueled H-mode
scenario with reduced (up to 20) high field side fueling rate
demonstrating the possibility of density control with SGI.
SGI-fueled double-null H-mode plasmas demonstrate different ELM
character (type III ELMs vs small and type I ELMs)

 Controlled and localized fueling provided in lithium active pumping
experiments

 Hardware improvements under consideration:
• Independent gas handling system (D2, other gases, e.g. He, CD4)
• Increase SGI plenum pressure from 2500 to 5000 Torr -

improved penetration expected
• Density feedback with SGI using Plasma Control System

nstx.pppl.gov/sgi
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Backup slides
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SGI parameters characterized off-line and in situ

 

• NSTX SGI is operated at flow rates 20-65 Torr l /s (1.5 - 4.5  x 1021 s-1)

• Hydrogen or Deuterium jet:
 Jet divergence half-angle: 6o - 25o (measured)
 M = 4 (measured)
  Estimated: T ~ 60 - 160 K, n < 5 x 1023 m-3,

Re = 6000, vtherm ~ 1100 m/s, vflow = 2400 m/s

x 1021
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M = 4 is obtained from Rayleigh-Pitot law

D2: M = 4, T = 60 - 160 K, ρ = 5 x 1017 cm-3, Re = 6000

(gauge)
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DEGAS 2 simulation details

 

D. P. Stotler


