b 4

-}LA-UR -80-3227

U
=
1
O

—

L

&

e
o
P

=
2]
Sm
[«

2
| =

-

I‘grm No, 830 113
5t No. 2020

12/

CONY - RC(is - — 17

TITLE: FRC STUDIES ON FRX-B

AUTHOR(S): w.
J.
M.

SUBMITTED TO:

T. Armstron, J. C. Cochrane, R. K. Linford,

Lipson, A. G. Egro, E. G. Sherwood, R. E. Slemon,
Tuszewskl and K. F. McKenna

Third Symposium on the Physics and Technology

of Compact Torolds
hﬂJ\f;iWEii

DISCLAMER

=,

By sccoptancn of this article, the pubiishor recognizes that the
US. Government ratains a nonexclusive, royaity-free licenss
to publish ot reproduoy the publishad form of this contribu-
tion, or to sllow othun to do s0, for U.S. Government pur-
0885

The Los Alamus Scientific Leboratory roquests that the puby-
lisher iduntify this article # work parformad under the aus-
pices of tho U.S. Department of Enorgy.

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos, New Mexico 87546
An Affirmative Action/Equal Opportunity Empioyer

ot .\
DISTHIEUTION OF TH'S Louuaiit i VLUINTED

UNITED STATKS
URPARTMENT OF KNENRGY
CONTHACYT W 7408:'KNG. 38


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


FRC Studies on FRX-B

W. T. Armstrong, J. C. Cochrane, J. Lipson, R. ¥, Linford, K. F. McKenna,
A. G. Sgro, E. G. Sherwood, R. E. Siemcn, and M. Tuszewski

Introduction

Recent experimental studics of Field-Reversed Configurations (FRC) on the
FRX-B! device have included 1) character!7zation of FRC formation with regard to
loss of blas flux, 2) examination of FRC equilibria through separatrix
profiles, 3) formation of rRC’s with different end-mirror configurations, and
4) extension of FRC parameter range. Studies on loss of blas flux during the
pre-ionization (PI) phase of FRC formation are presented in another paper
dedicated solely to PI considerations.2 Loss of bias flux during the reversal
phase of FRC formation is reviewed in the first section of this paper. Use of
barrier fields during the reversal phase to enhance trapping of bilas flux 1is
included 1in the third section of this paper. In addition to barrier field
studies, results from different mirror configurations are also discussed in the
third section. A critical diagnostic for interpretation of the results from
the different machine modifications is the excluded-flux probe array. Analysis
of excluded-flux measurements to obtain the FRC separatrix profile 1is described
in the second section. Finally, preliminary results of FRX-B operation 1in an
extended range of plasma parameters is briefly discussed in the fourth section.

Flux Annihilation during the Reversal Phase

The trapped tlux of a FRC is defined by Py " f B_2nrdr where B, is the
magnetic field in the axial midplane, and R is the 8iua at which B_ = 0.
Both experiment and theory suggest that the 1ongcst lived FRC’s are produced
when by is maximizad. The largest possible biasg flux that ecan be trapped 1is
mreByias $o» Where is the inner radius of the discharge tube (10 cm) and
B fa the magnitude oE the bians field (~2.4 kG). In past work, the final
con?iguration has $q /¢ ~ 0.14,1 Due to the nature of the PI technique
used, ~ 0.5 nt Lhe initiation of the main bank. During the rise of
the main % Yd flux may be annihilated by resistive processes. We endeavored
to examine this last loss mechanism in detail.

The apparatus cousists of a theta=pinch coil which has a4 22=-cm id and s
100 cm in length. The flecld sequence hegins with the slow rise of the negative
bias ficlde A ringing theta-pinch PI 18 inltiated near the bias field max Linun
such that the net ficld passes througl zero ("zero-crossing PI"?), Finallw,
the main bank is fired whercupon the ficld attains its maximum positive value
(~15 kG) with a rigetime of 2.6 nps. Data were taken with a radial array of B,
probee located in the axial midplane of the device. The radial probe nrlly
algso contialned coild which were sensitive to torovidal fileld. However, no
toroldal ficeld was observed durlng the fmplosion, even when the radial arcay
wayg moved off the axial midplane,

Fipure 1 displays ¢ /¢ v time for data averaped over five shots taken at
a D, filling pressure o( 17 mtorr. The arror barg correspond to shot=to=-shot
varfationys Also plottad in Fig. 1 ave the results of a computer simulation of
the tmplosfon using a 1=D hybrid code (Vlasov ftons, fluld ecleetrony). ) The
model  employed elcher Chodura® or classfcal resistivity. To account for the
observat{on of current flowing between the sheath and the wall, a hot tenuous
plasma  created frem  particles  being continuously emitted by che wall was
included. In addition, anomalous Joule heating of the fous (~50% of tho ohulc
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heating) was employed. The initial conditions we 2 an electron temperature of
4 eV, 100% ionization, and ¢ /¢° 0.5. Though the detaliled results for the
simulation with Chodura resiativity diverga somewhat from the data, the end
value of 9,/¢, 1s similar. The inadequacy of classical resistivity to racover
the final observed $,/¢, suggests that the resistivity must be anomalous during
this time. There are preliminary indications from the computer simulations
that ¢,/¢, evaluated at the peak of the external field is bigger for larger
bias fields. Hence, a substantial improvement {in ¢, may be possible for
operations at larger bias fields.

Separatrix Profile from Analysis of Excluded Flux Measurements

At each of2 7 stations along the FRX-B coil, the excluded-flux radius
Trg = Tp (1-¢_./7r Bp) is obtained with flux loop (¢D) and B, probe (B;) data.
These diagn stics are 1located at a radius r_. ° The e -zluded flux radius
profile, (z), 1is therefore available over the entice length of the
theta-pinch coil. In general, Tps(z) differs from the separatrix profile

(z). The latter profile is important sinse it gives the dimensions of the
FﬁC equilibrium. A numerical procedure has been developed to determine a
separatrix profile consistent with the r,, data. Plasuc pressure on open field
lines 1s neglected and constant flux is gssumed at the irnner coil surface at a
given time.

We give in Fig. 2 numerical analysis results for a typical shot frum past
experimental data." The separatrix profile (solid 11i..:) und the correspondirg
excluded-flux radius profile (dotted line) are shown in Fiz. 2, along with the
five experimental values of Ty (circles) nvailable from stations on half the
coil. 1In Fig. 2, r.(z) corresponds to a nrobable smooth profile. Several
separatrices_ are consistent with the experimental data since, as was shown
numerically,7 the excluded flux array can only resolve features of the
separatrix that have a scale length greater than about & coll radius.

FRC Behavior for Different Barrier and Mirvor Field Geometries

Studies of FRC formation have been performed utilizing different barrier
and mirror field geometries with a variety of main field amplitudes. Table 1
briefly summarizes the different configurationa and the FRC behavior observed.
Referring to Table I, cases (1) and (2) had a solid, main coil (100 cm long
with a 25-cm 1d) which passively produced 10% mirror fields at each end of the
coil. Cases (3), (4), and (5) employed an azimuthally-slotted main coil
(100 ecm long with a 22-cm 1d) which had no passive mirrors. The coll was
alotted to allow application of an octopole barrier field from an azimuthal
array of longitudinal conductors. In addition to the slotted main coil and
barrier field coils, casc (3) also utilized independent mirror coils at both
ends of the main colle These wnirror colls produced a peak, on-axis field of
~11 kG during the rise of the main field. Furthermore. a "non-zero-crosaing,"?
theta=pinch PI was wused 1in cases (2), (3), and (5) where large bias fields
(~3.0 kG)  complimented the high B . operation. A conventiona)
"zero-crosaing"a theta-pinch PI was useﬁ with the modest bias field levels
(~2¢3 kKG) 1in cases (1) and (4). A D2 f111 at 17 mtorr was used in all cases.

Removal of passive mirrors witn the installatf{on of barrier coils resulted
in FRC’s which suficicd a rapid decay (10 to 15 uy lifetimes). End-on framing
plectures indicated the configur .tfon wag often prossly turbulent and died
erratically. The n=2 rotational {ustabtlity was abserts The short plasma
1ifetime appears to be associated with the production of a '"poor" I'RC
equilibria. Excluded=flux measurements indicate that the FRG cquilibrium had a
length comparable to the cuil “ongth, was {rregularly positioned along the
axi{yg, and displayed a tendency to move axfally. Application of the independent
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mirror fields during FRC formation (case(3)) resulted 1in equilibria more
consistently centered in the coill. However, the equilibrium length was still
comparable to the coil length and the lifetime was still 10 to 15 us.

Though the slotting of the main coil and presence of barrier field coils
may contribute to the rapid decay of the FRC, the lack of continuous mirror
fields appears to be the most likely cause of the short FRC lifetime. The
absence of mirror fields allows longer FRC equilibria. Equilibria wirh lengths
comparable to the length of the coil may have several deleterious effects on
the FRC lifetime: 1) field 1line divergence at the coll ends may induce ret
axial drifts of the FRC, 2) contact of the FRC with the cold end region may
result in rapid cooling leading to annihilation of the FRC, or 3) complete
field line reconnection may n2ver occur.

The octopole barrier fields were produced by energizing a set of 16
longitudinal conductors. Connecting the conductore 1in two different
arrangements maximized either the B_ or the By component of the octopole field
geometry. Both modes were studied and gave a similar result: a mcdest increase
in the separatrix radius was observed at early times (~10Z increase ~5 us after
the main field initiatfon was *ypiecal). However, the effect of increased
excluded-flux radius on late-time FRC behavior was obscured by the short plasma
lifetime described above. Use of the barrier field (case (4)) 1s 1illustrated
in Fig. 3.

Extended FRC Parameter Range

Past 3caling stucies of FRC parameters employed a bias field of -2.3 kG aud
maximum main field of ~9 kG (case (1), Table I). These field values and
associated conventional PI technique limited the formation of FRC’s to a D
f111 pressure range of 5 to 22 mtorr. Recent studies with a blas field oz
~3.0 kG, maximum main field of ~13 kG and '"non-zero-crossing" PI (case (2),
Table I) have extended FRC formation over a range of fill pressure from 5 to 50
mtors. Similar FRC behavior 1s observed as 1in the previous operation:
1) separatrix radius is ~5.5 cm, 2) stable period scales approximately linearly
with f1ll pressure up to ~50 ps, and J) n=?2 rotational instability terminates
the FRC. The 1increase in main field generally increased T, such that only a
modest increase in R/p1 1s obgerved (p; is the vacuum 1on gyro-radius). The
modest increase in stable period over the previous study (~152) appears
conaistent with a scaling of stable period with R/p,. Moreover, the stable
periods appear to be very insensitive to the rather large increases in 'rt at a
given R/p, (an increase in Ty of » 2.5 is typical).
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Fig. 1. 9,/4, 1s compared between
experiment and simulation during the
rise of the main field. The dashed
and solid lines represent simulations
with classical and Chodura resistiv-
ity, respectively.

Fige J. End=on framing plctures arc
compured for barrier fiecld operation
with maximized Br (on left) and
maximized B (on right). The
odcillogram traces are the Dbarrier
ficld (upper) and the main b, fleld

(lowar).
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Fig. 2. Measurements of the excluded-

flux radius vs z and the asscciated
geparatrix profile are compared.
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