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Introduction

which was used in many spheromak and ST experiments.

[ Coaxial Helicity injection (CHI) is an efficient current-drive and start-up method}

A critical issue for CHI is achieving a good energy confinement.

==) A new approach of CHI

\/

: Multi-pulsing CHI or Repetitive transient CHI

The multi-pulsing scenario of CHI aims to achieve simultaneously a
quasi-steady sustainment and good confinement.
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Multi-pulsing CHI for ST configurations

The multi-pulsing CHI (M-CHI) discharges on SSPX at LLNL were successfully
demonstrated for a high temperature spheromak. (see Ref.[1,2])

[Application of the M-CHI to ST configurations

)

* What mechanism of current drive is different
from spheromak ?

Flow, Dynamo, Mode structure, etc.

High-q ST l’
Low-q ST ﬁ Spheromak

 Central open flux column plays an
important role in driving a current.

* A purpose of this experiment is to explore
characteristics of the M-CHI driven ST.

[1] S. Woodruff, et al. PRL 90, 205002-1 (2004)
[2] E.B. Hooper, PPCF 53, 085008 (2011).
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* HIST plameters
R=0.3 m, a=0.24 m , A=1.25

n,=0.5-1 x 10 20 m-3

T, T;=10-40 eV

;< 150 kA,  h.=m,1,=50-200
S*=R/N~10  I=(c/wy,)=2~3 cm

* TF coil current
Spheromak, Low-q ST: q ~ I;; (= 0-30kA) / 1,<1
High-q ST: q ~ l(= ~ 150 kA) / 1>1

* Power supply system for double-pulse

Formation capacitor banks
V=3-10kV, C=0.6 mF
Injection current : |,~ 30 - 60 kA

» Sustainment capacitor banks
Firstpulse :V <900V, C=336 mF

Second pulse : V<900V, C=195 mF

2" pulse voltage: V,~ 400V
2" pulse current: |,~ 10-20 kA




3-axis flows and 3-axis magnetic fields
are simultaneously measured.
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- Mach probe analysis -

Hutchinson model
—» 7/pi <1 I unmagnetized
Vi = CS X M;.;

lon Mach Number M,
Mi = Mc ln(Jup/Jdown)
J

: C.=30 km/s (T,=T)

up Upstream rod current

Jgown downstream rod current

= K\/'Ye + (T /Te)vi

1

M,

K=134T/T.=10e =7 =1)
—» M, =053

V;:ion flow, Cg: ion sound velocity, M;: ion Mach number, M,: proportionality constant, T, (T;): electron (ion)
temperature,y, (y,): specific heat ratio for electron (ion), r,: probe radius, p;: Larmor radius (~ 1 cm)



Double pulsing CHI discharge (High-q)
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% By secondly pulsing the MCPG att =
1.5 or 2.5 ms during the partially
decay phase, total plasma current is
effectively amplified against the
resistive decay. The core current
density is generated due to dynamo.

{ ® The sustainment time has increased

up to 6 -8 ms which is longer than
that in the single CHI case.

* The edge 1 in the OFC is larger than
the core A , causing helicity transport.

A= ok ¥,

] % lon Doppler temperature increases

from 20 eV up to 30 eV.
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l, and n, vs I for 2" pulse i )
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B, and B,

Toroidal current Magnetic field
density J,
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The toroidal field B, in the OFC is decreased from
the vacuum field.
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Flows and density profiles
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Two-fluid dynamo effects @

Generalized Ohm’s law
nj=E+vxB—jxB/ent+V p_/en
|

nj,—E, =(v0><B0)+<17><l§‘> —(joxBO)/en—<7xE>/en

nj —E =<V xB > —<jxB> /en~—<V_xB >
Iro

MHD dynamo Hall dynamo Electron dynamics

~

E xB, +VL]’5'G><BO

B? enB’ Electron-ion decoupling
ExB drift Diamagnetic drift

V., =V, —] /en=

(&

# Diamagnetic dynamo term does not # Diamagnetic current jgamagdue to

appear explicitly in the parallel mean- electron and ion diamagnetic drift
field Ohm’s law <Vp.-B> contributes on Hall dynamo term
Diamagnetic dynamo —————— ~ BxVp, ~ B,xVP
enB Jel ~ 0 e . JiLzO—z
B, B,

* Private communication with Dr. K. McCollam



Hall and MHD dynamo measurement

Measurement of three components of fluctuating velocity, current density
and magnetic field at a radial position
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Dynamo balances Ohm’s law
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Radial profile of dynamo electric field

<Y x E > < ; x E > Jen Collisional drag of electrons on the
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« Hall dynamo driven current in the OFC is the same direction as the mean current.
» MHD anti-dynamo electric field in the OFC reduces the mean current.
Electron locking model [1]
Sﬁ)ceTie>8/R [1] T.R. Jarboe et al., Nucl. Fusion 51 063029 (2011).
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Radial propagation of magnetic fluctuation
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Summary

The HIST device has been developed towards high-f and quasi-
steady-state sustainment of high-q and low-q ST plasmas by Multi-
pulsing CHI method. We have successfully demonstrated the
flux/current amplification and sustainment of the plasmas in the
double gun pulse experiment. We have investigated the
characteristics of the double CHI driven ST plasmas. Muti-pulsing
CHI experiments are planned for the future work.

We have observed the poloidal flow shear between the OFC
region and the closed flux region. The ion diamagnetic drift due to
a steep density gradient observed there could account for it.

It has been the first time to measure simultaneously the Hall and
MHD dynamo spatial profile for the ST. The relative contributions of
the different dynamo electric field on the driven current have been
investigated to verify mean Ohm’s law balance. Two-fluid Hall
dynamo is essential to the CHI current drive mechanisms.
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