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THE PROPOSED FRX-D EXPERIMENT

K. F. McKenna, W. T. Armstrong, R. E..Chrien, W. N. Hugrasc, R. K. Linford,
D. J. Rej, J. L. Schwarzmeier, R. E. Siemon, and M. Tuazewski

L)6 ALamos National Laboratory, Los Alamns, NM 87545

I. Introduction: The field-reversed-configuration (FRC) research program is
poised for a “r3ignificanC step forward. Resolution of the critical FRC
physics Issues, which must now be addressed in order to advance the
development of this concept, requires experimental studies in a plasma regime
closer to reactor relevance than is possible with existing devices. The
purpose of FR.X-D1~2 is to extrapolate the parameter of FRC’S into the

required regime of large plasma size relative to an icn gyroradius i.e.,

large F. The critical iaaues that FRX-D will addreas are: 1) The FRC
stability and confinement properties at large ~; 2) The demonstration of
adiabatic compreaaion as an efficient, technologically attractive FRC heating
method; 3) The identification of the dominant electron energy-leas mechanism,
and; 4) The determination of the dependence of poloidal flux loss on electron
temperature. An additional, more technologically oriented purpose of FLY-D
is to demonstrate the separation of FRC formation and heating functions using
the reactor-like technique of sequential formation/translation/compreaaionm
A sketch of the FRX-D fa~ility is shown in Fig. 1.

II. “fhe5 Parameter and Ita Relation to Stability and Confinement.: Fram—.
experimental and theoretical studies,J E has emerged as an important
parameter that characterizes the kinetic effects in an FRC and the impact of
these effects on both atabilit> and t.ranaport. The parameter, E, which
approximates the number of “local” ion gyroradii between the magnetic. axia at
r E R ~nd the separatrix at r = r6 is defined as, ~ = jrdr/rapi, where pi is
the local value of ion gyroradius.

In present. experiments where F < 2, the observed stability againat the
MHD-predicted tilt ❑o~e has been shown, by a recently-developed kinetic
stability analysiti, to be associated with the large ion orbit~
characteristic of these plaamas. As 7! i.ncreasea this stabilizing effecl

diminishes. Thus the tilt.-rnode growth rate from the kinetic analytiia,
normalized to the MHD growth rate, increa~c~ with s afi shwn in Fig. 2.
According to this theory, thf? mode haa not been detected experi.ment.ully
Ginrply becau~e the finite duration of experinwnt.tiJ.Btoo ehort for the IUOdc
to develop. liowever, in FRX-1)where E vulueu bcrwccn 4 and 7 are projcc.ted,
the critical iatiue of P’RC stubJ.lity in u more Mlilklike refiirnec.un bu
addre~uecl, Tr~4nr3por~mod(elB3 thut-u~e u lower-hybrid-drift (LHD) retii~tivity
predict u aubsta, ~iul cnhunc.euwnt of the FRC purt.icle coutinemenr propcrt.J.e~
with i.ncre~tiing ii, Ilh dc.moutitruted 111 Fig. 3. TIleue lUO~QILJ htAVU beel~
modcrutely r3u(:c.eNBlullri prcdlc.tin~ purt’ir’l(!t.tutluport,lotJH(’H ~11 pr(’~cllt
I’Jlnull-npluunruG. Tli(’(lxp(~rt,ru~’llt-ulirlvetil,l.~uliorlof (:oulincmcnt with lurgur B
itietiti~l~titilfor fu~tll(J~ d~v~~l~i]~~l~tof tl~LI11’I{G(’~llt!~l)t.
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identified that explains the experimentally inferred values7 of the flux

7 for T show an R2 dependence but onlydecay time z .

t
Empirical scaling laws

a weak depen ence on Te. In FRX-D the prha!’y heating mechanism will be
adiabatic compression. Because this method allows controlled heating of the
electrons to higher temperatures than presently obtainable, it will permit
for the first time in-depth studies of the electron 108s channel and a
determination of flux-loss scaling with Te.

IV. The FR.X-DFacility: In the FRX-D experiment, 6hown in Fig. 1, ~he FRC
formation, heating, and final confinement functions are accomplished using
three independent coil regions and the demonstrated technique of plasma
tramlation.8 The FRC is formed in a 1.3-m diameter, four-fed theta-pinch

coil, using high-voltage to insure adequate flUX trapping. The
formation-bank energy (- 1 MJ) and the peak-formation magnetic field (w4 kG)
can be kept small because after formation the FRC is translated and heated by
adJ.abatic compression. Heating is accomplished using a low-voltage (lO-kV),
ignition-switched capacitor bank. Translation improves the efficiency of
adiabatic compression because the bias field and compression-coil dimensions
are chosen so that the FRC nearly fills the entire coil before compression.
After heating the FRC is translated into the confinement region which
consists of a dc solenoid surrounding a metal vacuum chamber. This final
translation also permits an increase of the FRC X8 (separatrix radius/coil
radius, rs/rw) and consequently an increase in the confined plasma i.

Projected parameters for the three-stage FRX-b experiment are given in
TABLE 1, where Is is the aeparatrix length, nM is the density at the field
null.~ and E is the plasma energy. The fully formed FR

8
source-pla6ma

parameters ~reestimat.ed using Steinh~uer’ sformation model, andtheplasrna

TABLE I: REPRESENTATIVE FLU-D PARAMETERS

rw (cm)

‘s

~ (m)
15tiM(l(.) cm -3)

‘rC - Ti (Cv)

lJ(kG)
-,
8

+, (kJ)

Aii/ru

Formation

64

0.55

2.6

1.0

4.0

4.2

00

1.7

Compre68ion

37

0.8+0.52

5.7+1.9

o.tJ+4.7

150+521

3.2+14.1

5.()+4.6

(,4 +22 1

2.U+!i.2

Confinement. ......--
17.5
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diffusion baaed on the LHD model, classical-like flux dissipation that scales
as T 3~2, and electron thermsl c~nductivity based on the LHD model would not

appre~iably alter the values in TABLE 1. However, other assumptions, such as
the empirical scaling for flux 10.ss7, or the mi:ro-tearing mode112 for
electron thermal conductivity would result in measurable departures from
these values. Baaed on present understanding, the energy containment time,

~, of the FRC in the confinement region would be
hundred microseconds with an n

%x

yjI tlq order of several
greater than lx10 cm- s.

In summary, the proposed F -D experiment represents a flexible facility
for continued exploration of the FRC concept. The parameter variations
achieved by the combination of translation and compression will allow study
of the critical FRC tssues.
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Figure 2. Growth rate of the inter,lal tilt mode, normalized to the MHD growth
rate, vs. 8. The dashed line ia the approximate t.hreahold for the mode to be
observable.
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