LA-UP, -81-3180

TITLE:  INITIAL OPERATION OF FRX-C

AU rHOR(S): W. T. Armstrong, R. R. Bartsch, J. C. Cochrane,
- R. W. Kewish, R. K. Linford, J. Lipson,

K. F. Mclenna, D. J. Rej, E. G. Sherwood,

B. E. Siemon, and M. Tuszewski

. omPr

SUBMITTED TO:  4th Annual Compact Toroid Symposium

. “\g&\

October 27-29, 1981

~ e —— (N LA

]

By acocptance of thuy aruicle, the publisher recognizes (hat tw
US Government retgns a noncaclutive toyelly free Licenyr
10 publish or reproduce the published form of thiy contnbu
uon. Ot 1o allow othen 10 do 30, for US Government pur
£0M »

The Loy Alamos Gcrentihic Laboretory reguests that the pubs
hisher identily thiy gruche a8 work performwe under tne au
pces of the US Dvpanmem 2! Encrgy

s
c
| <
O

=

©

@)

o
(@]
P
=
p]
| .
o
2
c
-

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos, New Mexico 87545
An Affirmative Action/Equal Opportunity Employer

Form No. 836 R] UNITED BTATES

St. No. 2629 NG Y
Vi CONTHACT W-re0nuse 1 OSTNEITION OF TS DOCTINEAT IS “umﬁ(e


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Initial Operation of FRX-C*
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Introduction

4 FRX-C, a field-reversed theta-pinch experiment that has recently been
plaeed into operation, has as its objectives to:

® Determine the scaling of field reversed configuration (FRC)
confinement with size and clarify the mechanism(s) that
limit confinement of an FRC

® Increase the FRC 1lirfetime by {ncreasing the size by a
factor of two (eight in volume) over past experiments

® Form FRCs with temperatures in the 0.1 to 1.0 keV range and
densities in the range of 1015 to 16 o~

e 3uild on the results of the swaller FRX-A and FRX-B!
experiments

Preliminary reocults are given below based on the limited nunber of plasma
shots (42) since the machine was placed Into operation on September 2, 198].
Parameters of the experimental hardware are also given below,

Description of the FkX-C Experiment

FRX-C 1s 8 45~cm diameter, 2-m long, f.eld-reversed theta pinch.zn3
Standard capacitor bank technology has been utilized to generate a wmain field
swing of up to 16 kG with a 5 us quartex period. The decay time of the
crowbacred ‘-vaveform following the peak of the mugnetic field is ~ 300 us. The
initial, preionized (PI) plasma 15 created with an {mbedded reversed-bias field
of up to 5 kG. A vacuum magnetic fleld weveform tvpical of the initial
operation is shown in Fig. 1. Flectrical parameters of exverimental hardware
are listed 1in Tahle I and a detafled description {s conrained in Ref. 2. The
vacuum &,stem has a base pressure of 2 x 10-8 using a 40-cm diameter, 3.6-m
long quartz discharge tube, stainless stcel vacuum hardware and twn cryo numps.

The 1{initial experiments have vtilized a ringing theta pinch to generate
the PI plasma. Since this technique requires hringing the axfal (bias) field
back to zero on the first Pl cycle, the limited PI fleld restricts the usable
bias field to ¢ 2.0-2.95 kG. The ringing theta pinch PI, which starts =~ 20 ue
prior to fimld reversal, 1s preceeded by two low level r.f. discharpes to
provide a tacget plasma. Passive mirrors are used at each end of the
theta-pinch cofl to fnftiate the reconnectlon procegs. At present, a 5% step
in radius oxtends along the axis at each end of the coil for a distance equal
to ~ 0.4 of the coll] diamcter,
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FRC Parameters

The present limited parameter set is compared with the predictions of a
cemi-expirical FRC scaling code3 (used in the design of FRX-C) in Fig. 2. The
good agreement of predicted and observed parameters supports the code
predictions of parameters at other operating conditions. The data of the
single operating condition presently studied are summarized in Table II. The
inferred ratio of major radius t> ion gyro-radius is ~ 26 (referenced to the
external field). The achievement of a significant increase in this quantity
over past smaller experiments (the device FPX-B achieved a value of ~ 13) {is
impgrtant in assessing the scaling of FRC stability and transport properties.

+ The diagnostics pre=2ntly incorporated on ¥RX~C include an axial array of
compensated field probes . determine the separatrix profile, a side-on 3.4 um
interferometer, a C-V ..ppler broadening measurement for T,, and an end-on
framing camera. Early azimuthal asymmetry in the FRC formation is indicated by
the end-on framing In association with the theta-pinch preionizer oend the
radial implosion in the presence of end-mirrors. However, the FRC is observed
to regain azimuthal symmetry in ~ 10 us after main bank firing. More serious
axial asymmetries are observed in the separatrix profile data 1in association
with reconnection and axial contraction. The data suggest shot-to-shot
variaticn in FRC length (50 to 150 ¢m) and axial position. Short, displaced
FRCs may result 1in less-than—optimum lifetimes. An increase in the on-axis
mirror ratio from 42 to 6% is planned to further aij symmetrjc, reproducible
reconrection.

Advanced diagnostica under developmert and installation 1include:
single-point Thomson srattering fcr To, neutron and proton yleld measurements
for Ty, as well as C-VII Doppler broadening measurements for T;. The redundant
temperature measurements will aid interpretation of impurity radiation
measurements (Doppler broadening of C-V and 0-VII), and clarify interpretation
of nuclear measurements (neutron and proton yields) which are scntitive to the
tail of the 1ion distribution function. Detalled density measurements are
planned through s multipoint, nonspectrally-resolved Thomson ecattering
diagnostic and an end-on cine-holographic interferometer. The Thomson
scattering diagnostic will offer an axial density profile to be wused in
fdenti{fying 1{nternal tearing, as well as the ellipticity of the flux surfaces.
The holographic interferometer provides radial density profiles critically
needed to ascertain FRC transport properties.

Critical Issues

The principal objective of the FRX-C experiment 1s to estahlish tlrc
scaling of FRC stability sna transport with incteased plasma and coi{l size. 1In
eliciting this scaling, detailed studies of the physical mechanisms leading tn
rotati{onal inktabilicty and anomalous transport will be conducted. Theoretical
modeling of FRC stability continues to evolve. Previous work indicated a large
rotational velocity must be exceeded to induce the rotational fnstabilfty.”
Recent work suggests instability may occur at lower rotational velocities but
with slow growth 1ates consfstent with experimental quiescent perlods.S PasL
experimental evidence! has oupporied a possible causality between particle
transport and rotational acceleration. More recent experimental work has shown
somc contribution of end-shorting to rotatlonal acceleration.® Finally,
continuing analysis of particle transport dominated by the Jlower-hybrid-drift
lnatabigity sugrests rapid d{mprovement 4n confinement with tncreased plasma
radius.

These various isesues will he initially addressed on FRX=C by varying the
parvicle inventory and closed flux to ascertain the basic confinement and
stabil{ty scaling with respect to smaller devices. The present FRX-C data 1s
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too linited to impact on rhese issues. However, without optimized operation,
FRCs formed on FRX-C have stable periods, which are substantially longer (> 2

times longer) than FRCs formed on the smaller FRX-B device with similar plasma
parameters.!

Summary of Initial Results

The parameters of the FRC arc .car the design values that were chosen
based on a scaling from earlier FRC experiments. Preliminary results give a
positive 1increase in the FRC 1lifetime for nominal operation conditions. A
comparison with predicted confinement from FRC models is not yet possible.
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Fipe. 1. The FRX-C vacuum magnetic field woveform (10 us per division).



TABLE I: FRX-C MACHINE PARAMETERS

Coil Dimensions

Diameter

Length

End Mirror Ratio

Magnetic Field

Typ%gal Amplitude
Risatixme (11/4)

Decay (L/R)

Main Capacitor Bank

No. of Capacitors (2.8 uf)
Stored Energy (55 kV)

Bias Bank

No. of Capacitors (170 uf)
Stored Energy (10 kV)
Maximum Field

Theta Preionization Bank
No. of Capacitors (0.7 uf)
Stored Energy (50 kV)
Typical Field

Frequency

045 m
2.0 m

i.1

10 kG

5 us
300 us

140
600 kJ

60
500 kJ
5 kG

16

14 kJ
1.9 kG
200 kHz

TABLE I1: FRC PARAMETER SUMMARY

20 mtorr. 42 kV

Stable )ifetime

Bias Fleld

Equilibrium field
Separatrix radius

FRC length

Trapped flux fraction
Density (interferometry)
To+Ty (pressure balance)
T, (Carbon V)

70-100 wo
1.7 kG
7.4 kG
~12 cm

~100 cm
~25%

~4 x 1015 cp~3

~400 eV

~200-300 eV

Fig. 2.
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A comparison of code predicted

FRC parameters (lines) with
FRX-C data (points). Frror
bars represent shot-to-shot
variations.



