B

LA-UR -85-1788 JUNO 7 685

RECEIVED BY OSTI

(oNF-S505 100 -

Los Alamos National Laboratory i operated by the Univaraity ot California for the United States Department of Energy under contract W-7405-ENG-36 -

LA-UR--85-1788
DE85 012745

RECENT FRC TRANSLATION EXPERIMENTS ON FRX-C/T

E]

TITLE!

AUTHOR(S: D. J, Rej, W. T. Armstrong, R. E. Chrien, W. N. Hugrass,
P. L. Klingner, K. F, McKenna, E. G. Sherwood, R. E. Siemon,
and M. Tuszewski

SUBMITTED TO:  Seventh U.S, Symposium on Compact Toroid Research,
Santa Fe, NM, May 21-23, 1985

MASTER

By 0008ptance of thia sriiciy, the publisher recognites that the U.S. Government retans 8 nonexciusive, royaity-iree Ucense 10 pubwah of reproduce
e publishid form of thig contribution, or 10 aliow othere ¢ do so, for UG Government purposes

The Lou Alamos Natiohal Laboratory requesty that the publishuee wentily this ariicie as work periormaed under the suspices of the U.S Oepartment 6t Energy

Los Alamos iamsnemmas

casi me wina AstREMT (9 TN IMITER


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


RECENT FRC TRANSLATION EXPERIMENTS ON FRX-C/T"

D. J. Rej, W. T. Armstrong, R. E. Chriem, W. N. Hugrass, P. L. Klingner,
K. F. McKenna, E. G. Sherwood, R. E. Siemon, and M. Tuszewski

Los Alamos National Laboratory, Los Alamos, NM, 87545

I. INTRODUCTION: Since the last CT Synposiun.l several accomplishaents
have been realized from the FRC translation setudies om the FRX-C/T
device: (1) FRCs have been launched into, and trapped in, a dc wmagnetic
guide field regionm without the use of any pulsed "gate" coils; (2) detailed
studies of translation dynemics have been performed which are consistent
with energy conservation, adiabatic compression theory, and 2-D MHD
simulations; (3) the confinement properties of translated FRC has been
evaluated; (4) translation through either puff or static deuterium gas f£1ll
has been demonstrated; (5) higher density (m < 4x1013 cm™3) FRCs have been
translated over 10-m lengths; (6) the n = 2 rotational inetability has been
stabilized by FRC translation into a weak helical quadrupole field.

II. APPARATUS: Since the last Symposium,1 the FRX~-C/T experiment has
been modified (see Fig. 1). The
translation regiou has been
extended by 1.2 m {in order to
accommodate longer FRCa during
the adiabatic decompressfon and
confinenment studies, The
internal metallic cylinder (see
Fig. 1 of Ref. 1) at the 0.4
downstream end has been removed
and the dc mirror field has been
fortified to produce a peak fiecld
of up to 5.3 times the value B
in the 3.7-m=long uniform f1e1d
section of the translation
reglon.

Diagnostics include: (1) an o
axial array of 52 magnetic probes
positioned just fngide the flux
conserving walls; (2) six chords
of intexfervometry; (3) tolometry; Figure 1: Schematic of FRX-C/T
(4) soft x=ray dei rctfon; (5) Vuv
gpectroscopy. Tahla_ .
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ranging between 25% and 100Z of the iom thermal velocity (= 2x%193 m/s).
The magnitude of v, is adjusted by changing the guide field magnitude B,.
The FRCs reflect off the dc mirror downstream and propagate back toward the
source at a reduced speed, only 0.7 times the incident speed (e.g., see
Figs. 2, 3, and 6 in Ref. 2). Consequently, the FRCa do unot have enough
tt&nllationll energy E, to re-enter the source and they undergo a second
reflection off the mirror field produced by the crowbarred O-pinch coil.
Another 50% reductior in E, occurs during this reflection. In this manner,
FRCs are readily trapped in the tramslation region without the aid of any
additional pulsed "gate" coils. These FRC dynamics have been consistently
modelled by 2-D MHD simulations.2»

Plagma translation into @ reduced guide field results in an expansion
and cooling of the FRC. Good agreement in the scaling of n and T with B is
obtained when one compares these data with the predictions of a reversible
adiabatic compression theory. However, in the experiment, the plasma is
obgarved to expand 15% more and cool 152 less thaa the theoretical
expectations (e.g., see Fig., &4 of Ref. 2).

IV. CONFINEMENT: The energy, particle, and flux coafinement of tramslated
FRCe has beer assessed using a measurement technique that capitalizes on
the translaction proccaa.“ For downstream wirror ratios up to 2.5,
translation dynamics do wnot alter the FRC confinement. The energy
confinfment time = 100 us 18 obtained for plasme parameters:
n « 1015 s Ta + T % 0.7 keV. This Tg value 1is approximately 40%
larger chan that ogsatved for eimilar nou-translated FRCs in FRX-C,
Bolowetric ' measurements indicate that ZLmpurity radiation dues not
contribute appreciably to the energy confinement. The dominant
contribution to T, {s particle convection which can account in most cases
for at least one~half of the global power loss. The coufinement times,
T = 100 = 200 us, indicate anomalous trausport and they are usually within
a factor of two of those predicted from the lower-hybrid-drift (LHD)
inatability.s The observed empirical scaling, Ty « xg 1°4£ 0. 2n“0°5T0'4
however, differs from the LHD theory by weaker dependences on x; and g
snd a mora favorable dependence on T. This scaling is also consistent with
data obtained on the TRX~1 experiment.6 The poloidal flux loss
anomalous and the coufinemeat times, 100 - 200 gs Trs ugusl%y
inferred. The obeerved emplirical scaftng ¢ Gz 0
indfcutes & much weaker depeudence ¢a T than expeuced from classicul Lheory
(assuning T,/T « constant),

V. STATIC FILL OPERATION: A puff gus fnjection system was developed for
FRX~C/T in order to veduce the charge exchange losses downstyeam that were
predicted to ba apprecfable Lf a static D, fLll were veed.’ Howaver, FRC
translation experiments with a etatic f1ill were esurprisingly good. From
the eoide=on interferometry data (e.g., wee Fig, 2b), one finds u
subetantial foulzation (50 ~ 100%) of the S5—utovr ueutral gue background by
the time of the FRC arrival. This fonization comes from two processes,
Fivet, & susll fonization lavel fs found through the eutire translation
veglon at early times. This fonizatfon 1s attributed to high euergy
pariiclas ejectad from the source duriug the formatioun. Second, a wmore
substantinl Lonizasflon vccurs just before YRC arrival, preuum&bly from the
open f£iald line plesma that precedes the TRC. For comparison,
interferomater data for a S-mtorr puff discharge are shown in Fig. 2u.
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FIGURE 2: Side-on interferometry data of a translating FRC with 5-mtorr
(a) puff and (b) static fill., Interferometer chords are lo-
cated at axiul positiors z = 0.6, 1.d4, 3.05, and 4.27 m (see
also Fig. 1).

Because of the significant prefonization of the static £ill, the
energy and flux confinement properties (rE = 70 - 100 us,
T, = 170 = 200 us) are as good as (if not better than) with puff £ill. The
p:rticle confinement time hae not been determined because the decay of the
particle invertory N £s possibly influenced by refueling as the FRC moves
through the background fonized gas. Values of =N/(dN/dt) 1iacrease from
100 - 200 us with puff £i1l to 200 - 400 us with atatic fill. The decrease
in the particle inventory decay rate may, therefore, be explained either by
an increase in T, or by refueling. The fmprovement fn Ty fs concelvable
because the large density gradient near the gseparatrix coulg be reduced by
the substantial open ffeld line plasma.

Another noteworthy otservation 1s that wich the static f1ll, the
stable period 't , prior to the onset of the n = 2 iwstability, is
approximately doubled over similar discharges with puff £i1l (see Fig. 2).
Improved Ty has been predicted to prolong Tg4. Moreover, a significant
amount of open fleld 1line plasme could also impede the transfer of
rotatfoual momentum to the FRC.

In summary, trauslatfon through a static fill does not degrade energy
and flux coaffneuwent. Instead, £t offers a mechanism to refuel an FRC
and/or fmprove particle coufinement.

Vi. HIGH DENSITY OPERATION: ¥RC tramslation experiments have heen
executad using a 20=mtorr etatic £ill., Plotted fin Fig. 3 is tha evelution
of the excluded flux rvadiue profile. Ths FRC moves at speed v, % 8 cm/us,
4 value that {s about two times alower than fn the S5-mtorr cade bacause of
the larger plasms mees at 20 mtorr. Partial tearing of this profile is
obgervad ag the plaswma anters tha translation veglom; however, MHD
sluulations? indicate that the dowastreum part of this “torn" profile fs an
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Fig. 3: Time evolution of the excluded Fig. 4: Time evolution of maxi-
flux radius profile for a single mum density and pressure
20-mtorr discharge with 30-4.5 kG. balance temperature for

four 20-mtorr discharges.

open field line plasma effect, The FRC reflects and translates back into
the gource because by the time the plasma reaches the source (t = 150 us),
the crowbarred B-field in the O-pinch coil has fazllen sgufficiently to
create an antimirror to the dc guide field. The time dependent n and T
values for four 20-mtorr discharges are plotted im Fig, 4. A 302 decrease
in n, occurs as the FRC accelerﬁges nd expands Iinto the translation
chamber. An increase in n, to 3.8x10 occurs during the reflection
(t =280 us). A weaker oscillatfon of n, is observed during the second
trangit, commensurate with the axial expansion and contraction of the
separatrix. The coufinement properties, v, = 150 us and T 100 us, are
not degraded by the observed translation dynamics,

Viie un = 2 STABILIZATION EXPERIMENTS: Pregent translation experiments are
directed toward stabilization of the n w 2 rotatfonal i{nstability. Weak
helical quadrupole filelds are known to stabilize this mode in
non-trauslated FRCs.'0 In FRX-C/T, a helical quadrupole fileld is geuerated
by coils wrapped around the traunslation region vacuum chamber with pitch
angle & =6 m~*, Suppression of the n = 2 distortiou is {llustrated in
Pig. 5 which displaye interferometry data with and without the holical
fields. Preliminary results fndicate a threshold multipole toroidal field
component at the geparatrix of approximately 6% of the extermal B, fleld is
necessary to stabilize this mode. Stable coufiguratiouns are obaerved for
wp to 300 usec. Moreover, FRC trapping in the translatioun region fs aided
by an axial vetarding force which results frow the futeraction of the FRC
with the helical field, The effecte of a straight quadrupole coil will be
also explored in the near future.
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Figure 4: Side-on interferometry data in the translation region of a translatir

FRC with (a) s maximum helical quadrupole toroidal field component
0.2 kG at the separatrix, and (b) without quadrupole fields. Inter-
ferometer chords are at axial posi:ions 1.84, 3.05, and 4.27 m.

*This research {3 performed under the auspices of the U, S, D. O. E.
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