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Initial Operation of F’RX-C*
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D. J. Rej, E. G. Shemood, R. E. Siemon, and H. ‘hezewski
be Alamos National Laboratory
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Introduction
; FR.X-C, a field-reversed theta-pinch experiment that has recently been

placed into operation, has as its objectives to:

● Detemine thu ecalir~g of field reversed configuration (FRC)
confinement with size and clarify the mechanlam(s) that
limit confinement of an FRC

● Increase the FRC lifetime by increasing the size by a
factor of two (eight in volume) over past experiments

. FomI FRCS with temperatures in the 0.1 to 1.0 keV range and
densities in the range of 1015 to 16 cm-s

~ Juild on the results of tk maaller FRX-A and FRX-lll
experime~t8

Preliminary renultti are given below based on the limited number of plaema
~hots (42) since the machine was placed into operation on September 2, 1981.
Parameters of the experimental hardware are also given below.

l’kscr;~tion of the FRX-C E~periment
Fti~C is a 45-cm diameter, 2- long, f,eld-reversed theta pinch.2~3

Standard capacitor bank technology has been utilized to generate a main fisld
awing of up to 16 kC with a 5 us auartev period. The decey time of the
crowbacred waveform follow!nR the peak of the muAnetic field is - 300 IJS. The

initial, preionlzed (PI) plasms is created with an imheddcd reversed-bias field
of up to 5 kC. A vacuum magnetic field wavefom typical of the initial
opcrntion ie shown in FIR. 1. Electrical parameter~ of experimental hardware
arc listed in Table I ●nd a dctallcd description is conralned in Ref. 2. The
vacuum &,stem has a base pressure of 2 x 10-8 uelng a L()-cm diameter, 3.6-
101:8 quartz discharge tube, stainlc6s steel vacuum hardware and two cryo pumps.

The initial experiments have utilfzcd a rlnRln8 theta pinch to $enertice
the PI plasmn. Since this technlaue requircfi hrin~lnu the axial (bias) field
hack to zero on the fir~t PI cyc!c, the limited PI field restricts the usobl~
bias field to < 2.0”-2.5 kC. ?%e rlnRinE theta pinch PI, which ecarts - 20 us
prior to field reversal, 1s Frcceederl by two low level r.f. dlschtir$es to
provirlc n tacgct plaemn. Pae6ive mlrroru ● rc uued ● t ●ach end of the

theta-pfnch COII to it~ltl~tv the rcconn~ctlon proc?es. At present, a !5% step
in radlu~ t?xtcndti nlorl~ the tixi~ ●t each cnd of the coil for a distance ●aual
to - 0.4 of the coil dlamctcr.

-...— _____
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.FRC Parameters
The present limited parameter eet la compared with the predlctione of a

6eml-ercpirical FRC scaling cade3 (used in the design of FRX-C) in Fig. 2. The
good agreement of ptedicted and obeerved parameters supports the code
predictions of parameter at other operating conditlone. The data of the
single operating condition prtsently studied are aummarfzed in Table 11. The
inferred ratio of major radlae t~ ion gyro-radiua ie - 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
im~rtant In aeseasing the scaling of FRC stability and transport properties.

* The diagnostics prcs?ntly incorporated on FRX-C include an axial array of
com+nsated field probes . I detemine the eeparatrix profile, a side-on 3.4 Urrl
interferometer, a C-V ‘. ’p,~ler broadening meaaurament for TiO and an end-on
framing camera. Early azimuthal aaymmetry in the FRC formation is indicaced by
the ●rid-on framing in association with the theta-pinch preionizer and the
radial implosion in the presence of end-mirrors. However, the FRC IS observed
to regain azimuthal synmetry in - 10 w sfter main bank firing. More serious
axial asymmetries are observed in the eeparatrix profile data in association
with reconnection and axial contraction. ‘l%e data suggest shot-to-shot
variaticn in FRC length (50 to 150 cm) and axial poeition. Short, displaced
FRCS may result in less-than-optimum lifetimes. An Increase in the on-axis
mirror ratio from 42 ta 6% IS planned to further aid aymmetr~c, reproducible
recon~ection.

Advanced diagn06tiCd under develo~ent and installation Include:
ainele-point ‘1’homaon scattering fcr Te, neutron and proton yield ❑easurements
for Ti, as well as *VII Lbppler broadening measurement for Ti. The redundant
temperature meanurement6 will ●id interpretation of impurif-.y radiation
measurements (Doppler broadening of C-V and O-VII), and clarify interpretation
of nuclear meaauremente (neutron and proton yields) which are 6cntltive to the
tail of the ion distribution function. Mtailed density measurements are
planned throuRh a multfwint, non6pectra]ly-reeolved Thomson acatterlnR
dlagnoetlc and an end-on tine-holographic interferometer. The Thomson
ecattcring diagnostic will offer an axial denelty profile to be used in
identifying internal tearing, as well as the e;lipticity of the flux wrfacefi.
The ho]oRraphic interferometer provides radial density profiles crfticallv
needed to ascertain FRC tranaport properties.

Critical IssIIc&
The nrincinal objective of the FRX-C ●xperiment 16 to establish Clmr. ..

acalinR of FRC atablllty auu transport with lncreaecd plaama and coil size. In
clicftlng this ficnllnR, detailed stutlieti of thw physical mechanisms lcndin~ tn
rotational instability and anomalous transport ‘d]] be conducted. ‘l%coreticnl
modelfnR of FRC titabllity continues to ●volve. Pre’’lou6 work lntiicntcd n largr
rotntfonal velocity mu6t he exceeded to induce the rotatlonnl fn~tahllfcv.b
Rocw:Ir work eug~cst~ ln~tnh~lity mny occur at lower rotational vclocltlc~ hlt
wfth Hlow growth tateu consistent with experimental qule6ccnt periods.s Past

evidence] ham oupporzed aexpcrimenta] poesible cau6ality bctwccn pnrtlcle
transport and rot.ntlonal acceleration. More recent experimcntnl work has nllown

contrlhutiorl of end-ahortlnR acceleration.6 Finally,s omc to rotational
contlnuinh annly&i6 of particle tran~port dominated by the lower-hyhrjd-drift
instability eugRcGte rapid iMprOVtMWnt in confinement with lncraaserl plnsma
radiu6.7

Thcue varlou~ lemlefi will he initially addrthtiucd on FRX-C by vnrylnx tll~
pnr~icle inventory and cloecd flux to ascertain the basic ronfinrmont and
stabiltty ucaling with rcupcct to emallar deviceu. The prcoent FNX-C datn lU
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too limited to impact on rheae Iaeuea. 170vever, without optlmfzed operation,

FRCS fonaed on FRX-C have stable periods, vhich are aubstanti&llv longer (> 2
times longer) than FRCa formed on the smaller FRX-B device with similar plasma
parameters.1

Summary of Initial Results
The parameter of the FRC ar( .i~ar the design valuea that were chosen

based on a scaling from earlier FRC experiments. Preliminary reaulta give a
positive increaae in the FRC lifetims for nominal operation conditions. A

co~arleon
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TABLE I: FRX-C MACHINE PARAMETERS

Coil Dimensions
Diameter
hngth
End Mirror Ratio
Magnetic Field
Typical Amplitude
Ris&ime (Tlf4)
DSCiY (L/R)
Main’ Capacitor Bank
No. of Capacitors (2.!3 uf)
Stored Energy (55 kV)
Bia6 Bank
No. of capacitors (170 uf)
Stored Energy (10 kV)
?laximm Field
Theta Preionization Bank
No. of capacitors (0.7 uf)
Stored Energy (50 kV)
Typical Field
Frequency

.45 m

2.0 m

:.1

10 kG
5 us

300 96

140
600 kJ

60
500 kJ

5 kG

16
14 kJ

1.9 kC
200 kHz

TABLE II: FRC PARA!!TER SUMMARY
20 mtorr,. 42 kV

Stable IIfetlme 70-100 I.m
Bias Field 1.7 kC
Equilibrium field 7.4 kG
Separatrix radius -12 cm
FRC length -100 cm
Trapped flux fraction *252
Density (interferometry) -4 x 1015 cm-3

Te+Ti (pressure balance) -400 eV
Ti (C~rbon V) -200-300 eV
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F18. 2. A compar160m of code predicted
FRC parameters (lines) with
FRX-C data (psints). Error
bnrs repretient shot-to-shot
variations.


