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PROSPECTS FOR FUSION APPLICATIONS OF REVERSED-FIELD PINCHES"

C. G. Bathke, R. A. Krekowski. end R. L. Hegenson"®
Los Alemos Netional Laborstory, Los Alamos, NM 87545

Abstrect: The spplicebility of the Reverssd-Fileld
?tnch (RFF) as s eource of fuaion neutrons for use in
developing kay furion nuclesr technologiss is examinad.
This Pusion Test Peacility (FTF) would smphseize high
neutron well loading, small pleema volume. Iow fusion
end driver powers, and stsady-stete cperation. Both
persmetric tredeoffs bassd on present-day physi-:s
understending end & conceptusl design based on an
~ 1=MW/m? (neutron) driven opsrstion ars reported.

lotroduction

The toroidel, exisymmstric Reverssd-Field Pinch
(RFP) confinem high-bsta plesma in & configurstion with
strong ohaic hesting end low—-field cofls. On the basis
of good aexperimentel results! and promising resccor
projactions, 13 multi-wege-saperc device, ZT-H, has
besn proposed.' Intermedists betwvazsn the ZT-H
(r_, = 0,4~m plesma redius, I, = 4=-MA toroidel plsenma
cutrent) and the COIplgt resctor embodimente
(r_ = 0./1 uw, I, = 18.4 MA) srs s nuabsr of KFP dsvices
thh: cen eervé tachnology [Pusion Technology Fecility
(PTF)®, 1, « 7-8 MA], DT-fgnitdfon (I, = R=10 MA), end
rolctor—dznonltrltion (I, » 15 MA) fuhctions. In order
to defins better ksy stesps in the RFP development path
snd {n aeupport of & broader ssssssmsnt of fueion
technology,” conceptusl design studies of sn RFP device
with TFTF-like qu111t1||5 srs being conducted. The
RF7/PTF would be s high-current extenaion of 2T-H,“
utilising current drive end ective {spurity/ssh
control. Guided by systems atudiess, @ conceptusl
desigr of the RFP/FTF {s performed using couplsd modsls

for a) ohmic-hssting and equilibrium—fisld coils; b)
time-dependent plesma/circuit sioulstions ueing
sxpsrimantesl scalings; c) oscilleting-field (F-6
pump ing) current-drive efouletions; d) edge-plasma
simuletion and firet-well thermal-mechenical/
thermal-cheaicel snalysss; and ) wmagnetic-divertor
{mpurity control. An RFP/FIF design and requirad

physics/tschnology detabass
sre described.

resulting from this study

Reveresd-Field Pinch Concepr

The primsry canfining field, B,. in en RFP {e
poloidel and is genersted by a toroldsl plssma current
I,, Tha RFP plesma supporcs s toroidal bies fleld, B,
tg snd sllipticel (a = !)

atebilize ssusags (m = 0)
distortions. Grossly unstsble MHD modes with
wevalengths longsr thsn the wminor rsdius of sn

slesctrically conducting shsll are estsbilized by the

ehell on @ short time scsls snd by fesdback coils for
longer times. If the toroidel bise field {a elightly
raverssd nesr ths plesma edgse, tns resulting magnetic
shsar in ths plasmsa—edge region {s sufficifent to
stebilize locsl preasurs~driven and currenc-driven
instabilitiea. This stabilizetion occurs st relstively
high valuss of ths normalised plssma pressurs,

B e 20k, T/(32/2).

The key deecriptive persmetsrs in thes ainimun-
snergy RFP thaory® ers ths pinch parsseter, 6, snd the
rasverssl parsmster, F, which are def {ned ce
6= (r_)/<B,> and ? = B, (r_ )/<B >, vhers ¢(3,> {s the
sverage ptoro'd.l fiesld '1:R1n 'hl ssro~tedparsturs
plasma redius, r_, which 1{s slso taken hsre ss the
conducting shell. pTho locus of minimum—energy aststses,
a8 dascrided in an P-0 nhase apace confirved by

%Work parformed under the suspices of US Depertment cf
Energy
*ephillips Patroleum Co., Bartlesvills, OK

@xperimentsl P-6 treces, shows the plesma residing
within e region of F-6 sepece where P (0O and
1.2 ¢ ©6<¢ 1.6, For the purposes of ignition/burn,

. RFP/FTF,5 end resctor?:* gtudiss, the P=¢ constraint s

saforced both during starcup end burn.

Evidence for nearly clessicel rsefativicy {n RFP
plasmas lxilt|,7 giving e etrong 1indication of an
efficient plesma dynaso to maintsin the RFP field
cor{iguretion. Urlike ths tokamsk, s close slectrical
coupling exista betwesen the poloidsl end toroidal
circuits through the RFP plesna. This coupling also
provides in principle a means to drive toroidel currenc
noninduct1v01y2-B st low frequency (50 Hex for the
resctor?). Prelininary experimentel avidence in
support of these 1dess recently wss raported. Th's
oscillating-field (P-6 pumping) current drive serves as
the basis for s steady-state RFF/FTF dssign reported
hersin.

A potentisl problsa of snhanced plesma traneport
caussd by the RFP dynamo resmains. Generslly, the
field-1ine bresking and raconnecting that may be at the
base of the RFP dymmo9 1s sxpactead to reduce energy
confinsment within {nternsl regions of the plasma. An
smpirical expression for the eceling of global
confinsment time from small, ohmi~aliy heated
experiments {8 used. “pec!”ica’'y, t e com"‘na‘‘on A€
prassure balence [T = Bg (I,/N)], plesma-energy
bslence (nT/t. = nj?), end Cllliic 1l resfativicty (n «
1/13/2) grld cte thet 1 /r 2. 33/2(1 /N)Y321 33 o
ntp = 132, The RFP pliema bhrn simulatlons uvtifize an
lnpiri:zl sceling of the form, t,/ri = C,17f(Bg). The
psremgtars C_ and v hsve ba¢n cll?brgtod vi?h existing
sxperimeantsl results,! slthiough direct experimentsl
svidence for ths rg and B, ecaling rensine to be
ganersted,

In asummary, a setrong experimentsl detabase !s
svolving from a number of euall RFP devices. Thiw
datsbaas has provided the foundetion for the next
ma jor, mege-sapare RFPs grccuntly under consideration
by the Us? end EEC.! T!.is detebase is summarized
balow.

e robuet dynamo initiscicn and susteinment

® glow current after

formation

ramp low-energy RFP

® conetant-bets scaling (nk,T = Iz)

® tempersturs incresases with current

® current density eufficient for atrong ohmic
hesating

® confinement Cime incresees with current
(vg = Iy, v = 1.0-1.5)

® dynamo coupling of poloidel end ctoroidal
circuite to eugguet low-technology current
drive



Parametric Design Results from the steady-state plasma simulations

are displayed on plots of plasmn current versue plasme

Design Models minor radius where efther I w* Ppsoor P,.. were held
fixed. Figure 1 illustrateswa design plot Qgr basecase

Plssaa Model. An optimum RFP/FTF design generally parameters with v = 1,25 and B, = 0.06 or 0.10. Given
establishes a cel ling on total capital (core size, the constraints of I, 1MW m?, Pp € 100 MW, and
support power) and operating (support power, fuel 1 <5 Mi/m?, a delign "window" la defined in Fi1z. 1.

requirementa) costs for a system that maxim{zes neutron On the basis of present experimentsl < 0.5 !A
firet-wall loading, device availability, and r. =« 0,15-0,2 m) and projected near-term egperiments
experimental volume (and first-wall area) and minimizes (E = 2-4 MA, r_ = 0.3-0.4 m), 1t wes judged that

plasma volume and total fusion power. Since the means - 78 MA and r_ = 3.3-0.4 m repreaents a region of
and constraints by which to ontimize the RFP/FTF are rgasonable extrnpolgtion from the next generation RFPs.
not well established, the reactor equations described A representative design point is also indicuted on
in Appendix A of Ref 2 were firat solved parametrically Pig. 1 for more detailed exploration of the f, = 0.l
in ateady state aimply to establish the main phyaics case. This I = 1=-MW/m? deaign is .ot ignited lgthough
psraseters for small RFPe. 4 simplified model of the {ncreasing the current from the I, « 7,6 MA vaive to
£o0ils was used to obtain an {nitial estimate of core > 9 MA would give I, = 4=5 lem, and DT ignition.
mass, power conaumption, amd possible startup senarios; Before preliminary  engineering parameters for the
detsiled circuit and magnet analyaes were “hen RFP/FTF design point can be tabuiated, however, an
performed on the basia of deaign points suggestei by eatimate of the ateady-state power consumption in and
these steady~state analyaes. size of the confining poloidal-field coils (PFCs) and
toroicdal-field coils (TPCa) fa needed.
A driven, amall RFP operating with both high

particle density and current density wes judged as most Magnet Model. Reduced to the simplest terms, the
appropriate for the FTF application. A DT-ignited RFP RFP converts large currents in external poloidal-f4eld
gcnerllly would generste fulion powers above the coils, I ¢» to nesarly equally large currents, I,, in a

« 100~MW upper limit for an PTF" , although the exact toroidal plasma. This plasma current both -onfines and
lfmit depends on the plasma beta and trsnsport scaling heats the high-§ DT plasma. Rather than aininizing the
sasumed. The average first-wall hclt flux, I,., the —cost of energy, as is done for a power reactor
ohmic power delivered to the plllml, ap? and thé ohmic design,2'* the RFP/FTF would maximize 1, while
power consumed by the coil set, wgre monitored in minimizing the powcr delivered to the coils snd plasma
steady state along with the noutron fir:t-vull loading, as well ag total plasms size, {usion power, and tritfum
Iv' and the total fusion power, PF' for a given plasma requirement, On the basis of the designs suggested on
beta., Although Z4¢¢+ Pl2sma aspect rstic, A= RT/r , Fig. 1, the RFP/FTF design task then becomes one of
the trsnsport scaling psrameter, v, the pingh current and power management in a ZT~40M/2T~H class of
parsmeter, O, and the anomalous ion heating were devices.
varied, the basecase selecter Ze £" 1, A=6,
v = 1,0-1.25, F = -0.1 (corresponding © detsrmined from A simplified madel 1s used to estimate the mass of
plesna equilibrium and a sodified Taylor theory for a and power diseipsted in the cofls. A mors detailed
given bets), ond no snomalous fon heating. Both F=-@ circuit and plasma equilibrium analyses is then
pumping current drive and active {mpurity control performed to give better estimates of stsrtup
(efther poloidal pumped 1limfiters? or toroidsl-field acenarios, coil stresses, and volt-aecond requirements.

msgnet ic divertors) were investigated. Past analyses uaing thia aimplified approach, which
Zot1=1.0, foum=0.0, A=8.00,v=1.28,8,=0.1C, Ze11=1.0, foun=0.0, A-0.0o.vﬂ.zﬁ.ﬁ,l 0. 6,
12— 6=1.50, 1,=1 9-1.50. fa=1
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Fig. 1, Interdependence of plasma current on plesms radius, r_, for s range of average first-wall hest

b:::..'1: ; :.utrono érlt-vnll loadingn I, and totsl fusfon pgvc Py, Fecr sll cases, the plasma
hcuti aken ss 6 and 0.10, respecuively, the rrunuport purunatcr, v = 1,25, and no anomolous fon
Ng assumed. A design vindow 1s Aefined by I,2 1 MW/m2, Pr < 100 MW, and IQ < 5 MW/m?
" .



t-eats both TFCs and PFCs as homogeneous ahells., have
proven to be adequare and verifiatle.<:* The ratio of
ohmic power disaipated in the idealized PFC-TFC set to
that delivered to the plasma 1s given in Fig. 2., where
x = r /r, is a minor radial f1lling fraction for the
pllllg. the plasma and coil real tivities are n_ and
n_.. rcupectivelg. SOHN is a plasna profile f-ctor for
ognic heating?, 2 is the <¢oil conductor filling
fraction (A = 5,7), and L {s a geomerric factor. The
coil-to-plaama current ratio for an {deal closely-
coupled plagma-coil system initisted with a bipolar
current awing ia us~d. The tradeoff between normalized
PFC thickness, & eIr_‘. snd plasma aspect ratic is given
on Fig. 2 for tﬁe case where the TFC atandoff diatsnce
from the pleama, 4b, equals the first-wall radius, and
x=r/r, . 1; the condition &bwe r gives an
expergnentul volume equal to> three tiaeg the plsama
volume, Selecting & value of A = 5 bhased on near-
optima]l coupling of coil currents :{th plasma current

L o Po/Pops

Interim Design Point

The combination of plasma and ccil results
respectively, on Pige. 1 and 2 are used tc develsp &
first estimate of the RFP-FPIF desigr rpoint(s) for
subsequent, wmore-detailed plasma simulation and
engineering analysis. Table I aumsmarizes geometric,
plasma, and magnet chsracteristics for a single device
that would generate a neutron current over the range
I, = 1-5 MW.m‘ while assuring that rhe fusicn power is
held below ~ 155 MW, These designa sre alsoc i1dentified

given,

on the fg = C.1 plet {n Fig. 1. The ohkmic power
delivered tc the plasama {a held below 30 MW, and the
average r,hysical heat flux on in-vecuum components is
below 1 = 2 MW.m‘., A summery of the computaticnal

6
basis ofuthic exacple 18 given in the liat of footnates
accompanving Table I. Althougn thias design is
subignited (G = i.0}, an {increase of -~ Z5% {r the
7.6-MA design furrent (I, = I Mi:m?) would res:lt iIn

allows the dependence of Hcfr; and j__-3 on & G!r' ignition and an increase in I, to ~ 5 MW.m (Fig. 1}.
also tc be displayed, where M_ {a tlre coiY n‘un uns J,. Generally, the I = l-MW.m“ 4riven design seerves here
ce, are the plasna an coil current dehllt;. as the basecase. This basecase design 18 for a
respectively. The ccil atandoff distance from the transport parsmeter v = 1.25 and a pcloidal beta cf
firat-wall, &4b e L provides aspace both for tests and B, = 0.1, Higher or lower transport and cr beta would
shielding to be located between the first wall and :he lgift the design window, P{g. 3 gives this sensiti~ity
TP aet. The {impact of ern ideallyv coupled PFC for of this pnysics design to variations in v and ﬁé‘
A= 5 10 alec ahown by the A = 5(ab = 0} curve. The
RFP FTF 1a not designed to bread tritium. Conceptual Engineering Design
0 T T 2N T © | stareup
-] < ] The amall size of the RFP-FIF deaigns listec on
= - PN _| Table 1 gives L‘R times for both the plasma and co1l
8 . ~ sets that are su.ficiently short to make desirstle some
?\ » ) < 1 form of currenr suezainment. A btipclar startur {s
- - LA 1 envisaged, with t.e PFCs aerving as an energv 2tore
- A & 1 usea to infriste a low=current, lov-energv
6 - \‘U/' -P Ab-re =10 =1 (~ 0.5~1.0 kev}i RFF; a purely inductive startup thraugh
- X F6 = -012°155 1 @ resistive transfer is sufficiently setressing ang
- - X =rpre =10 1 {nefficient to preclude {.s use fo- attaining tre final
_ - 8 P P-,p = xzrch 4 BonuTph - plaama condi_uona_liuca in Table I. Instead. Fhe PP’s
4 - —{ would be cherged in a reversed-biss condition t- s
_ 4“ J state not unlike that of the final, full-pilasne-current
. - 4 condition. A resistive ctransfer {n time tp=I-C s
- AREEEE | would torm an RFP that 1a subsequently ramped in a
-7 3 _| longer time to schieve the finsl steady-state plasnma.
2 - ) 6 { This slov current ramp would intitially be driven
- . 5Ab = O | directly from the power grid, with F-€& pumping possibly
- TN IR R being spplied prior to curvent flat~top {f ths plsems
- e o< ] resistance becomes aufficisnt.y low. The plasms would
0 : L s 1 T 3 then be teken to the final conditions, and tle F-€
) ) pumping current drive would thereafter asustain the
0 0.4 08 1< 1.6 Zplun. The OHC current et this point cecsys tc zerc.
60 'w Optimization of this startup and sustainment scensrio
toc minimize powsr, magnetic flux consumrcion, and
technulogy requirements 1s required. The crucial
Fig. 2. ?:g:::::cct:f ::::c ::":h1°';z:.;: cgil"f:ec; tradsoff between coil cost and technolog (i.cf.
homoginited coil model, showing thc. deg;nd‘nc. voltage, power, and volt-secc.ad requirements) and the
on plasma sspect retio, A = /r.. poloidal ove-sll apprcach to rhe P~& pumping drive coils 1a
coil thickness, & .. for ; TrC n:undg;f Ab = r examined with (] time~-dependent plesma’/rircuit
and s minor r.§?‘1 plasss f1lling fractior simulation of the deaign auggested in Table I.
x =1, 8hown alec iz the mass of the coil set,
M.. and the rstic of PFC to plsema current Hagrerics
denaicy, JCO'JO' Equilibrium. The PPC deaign follows the rrocedure
outlined in Ref. 2. The PFCe are subdivided :nto two
The cnil opower requirements given on Pig. . ase functional sets: a) aquilibrius=field coils (EPTs) to

besed on & bipola: induc: ve awing and psak corremt
conditions. An {nductive pulse for this amall system
st most wnuld last for only ~ 10-20 s. Application of
r-e Pulpin.z"-. to drive the plasma current, either
before or after peak current, would allow the ohmic~
heating-cofl (OHC) current to be driver t, sero.
Generally, the OHC power requirements ahould be
adequste to supply current-drive losass if trznsferre.!
to the P=~6 pumping current=drive systen.

provide a vertical

magnitude, B

aagnetic field of the appropriatce
and index, n, to ensure horicontal end

vertical oqxilxlrlum. respsctively, and b) Chis to
provide the bulk of the inductive flux aewing. ~ I_.
without {ntroducing magnetic field {Into the Llrlgl
region. Por the !~MW/m? neutron-wall-loadi'r csse
fiven on Teble I, b, = 1.23T, G <n« D.+'. and
LI = 4i.0 Wb are required. The coil desiz~ 18
fﬁrthcr constreined to wmaintsin the peak «<.r e:i-
density bslow 10 MA/m4, to minimigs the ctotal = *.



lyraes, and to evoid coil overlap-
ficte emuggly about
the shall wodel used in the perametrics model
and 2) 1is ekown {n the lower half of Fig. 4. Thie
"enug'" coil design consumes 14.3 MW in cthe FFCa
(6.3 MA/m? aversge current density) and 20.4 MW in tha
OHCa (6.B MA/m? average cur-ent density). The “snug"
deaign gives the wminisun ohmic loes (34.7 MW) and
rapresen-e & 581 increaee over that predicted by cthe
paramerrica wodel. Ma{ntenarce an experimental

A coll deeign which
the TFCe and ia representative of
(Fige. |

of

accese to the region inside the PFCa would require cthe
removal of & portion of the 207-tonne PFC set. A more
maintginable and accassible degign {e shown in the
upper half of Fig- 4. Thie deaign provides un opening
on the outboard etde through which quadrants of the
torus, {nclusive of the TFCa or divertors, could be
moved. Thie "open' deeign consumes 141 aore ohmic

power (38.0 MW) and ia 9.5% more massive (236.0 tonnes)
compered to the "smug' dJeeign.

The TFCe ahown in Fig. 4 have @ thicker redial
build (0.08 m) then predicted by the pararetrica model
in order to eccommodate discreet coile witt e wuniform
current dens ity of 6.7 MA/2? and uniform crose-
esctional aree. Ihe resulting TFCa occupy leee volume
a3d, hence, coneume leea ohmic power (1.7 MW). The
winimun nunber of TFCa is estimated to be ~ 24 {n order

to oaintein acceptebly emall ripple (AB /B, < 0,001

where 3 ia the amplitude of the radia helicel
cagnetic-{ield perturbation) and sufficien ly emall
magnetic falende et the pleama edge [Ar/(r -r,) <1,

where T ie the revereel surfece radiua and 2r is the
ieland quchJ.

Circuit/Burn Simulation. The coil inductancees and
reaiecancea associated with the "open' deaign were used
in a time-dapendent plaema/ciicutt simulation? of che
etartuy of the 1-MW/m‘ neutron-wall-ioading deeign.
This simulation indicates an initial OAC bsck bias of
-5 MAmp-turne is Trequired to fprovide the necessary
flux aving and the segociated resiscive logeea in the
plagma. Thie back-biseed condition creates en initial

Ze11® 1.0, o™ 0.0, A=8.00,v = 1.26. 5,2 VAR,
g =1.80,

(peak) Von Mises stress of 143 MPa, which {s vithin the
deeign constraint (200 MPa). The peak inductive power
during ramp-up of current i{s eatimated to be 270 Mw
draw from the grid and the coneumption of ~ 45 WH; cthe
IT-40M experiment! requirea — 20 MW and - ! Wb, end the

IT-R experiment’ 1s escimated to reguire 100 MW end
20-30 Wb, All coile together require 270 MW (peak)
from the power grid just bafore current flettop (at
3,3 ), et which point the power required drops to che
previoualy quoted 38 MW.
Current Drive

The ategdy-state conditione asuggeated by the
paremetrica code and plesma/circuit aimulstions sre

asaumed to be maintained by F-6 pumping current drive.?

The current—drive enalyeis {s performad with a ciwe-
dependent simuletion” of the plasma reeponae to
ainusoidel fluctuationsn {n the poloidal-field and

torofdgl-field circuite. A 90 degree phsse difference
betwaen the two circuite {a {mposed to maximize
current~drive efficiency. For the deeign values of F
and € and other plesna peremeters, & freguency > 200 Hr
i@ needed in order t> wmaintein toroidel-field revergal
during the current-diive phase. The drive freguency
can be lowered by ojerecing at alightly higher vilues
of © and correepondingly deeper reversal with onlv
modest (- 2 MW, {ncregssee in TFC ohmic loases.

l_,
Restriceing the toroida’ rlux ewing to be &5/O = 0.03

<

at 200 Hr would result in @ current wmodulacion,
E1,/<1,> = 0.017. Although the poloidal-field and
toroidsl-field circuita jrovide comparadle reaigtive

power to the plesma (11 MW and 18 MW, respasctively) the

high-G poloidai-fiald «circult requires a peak and RMS
reacti e power of 3.6 GW and 2.3 GW, respectively.
Such high power levele cen ba handled inexpensively

,= S10/kVAR(reactive))) end loeeee below - 11X.

Core Integration
Figure & gchamaticelly {llustrestea t(he essential

elenanta of the RFP/FTF. Combined with the enginsaring
perasetera listed in Teble I, seciectjion of an active

Zet1m 1.0, loun=0.0, Am C.OO.v:‘.OO,B' « VAR,
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{mpurity contvol acheme, detailed neutronics,
thermal=hydraulic, mechanical,

operational computations will lead
integration of sufficient
economic and technological assessaents to be wmade.
This core {ntegration activity will puraue the "open”
configuration depicted in Pig. 4, which can accommodate
both horizontal access to teat specimens without PFC
demounting, aa well as toroidal-field divertor

vacuum,
power~handling, send
to an engineering
dctail to allow accurste

chasbers. FTF Coil Configurations
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Pig. 4. Cowparison of a wmore maintainable/acessible
“"open” PFC configuration (upper half plane)
with a more-efficient “snug" PFC configuration
(lower half plane).

Conclusions
Scoping atudies of a Fusion Test Fucility (PTF)
besed on a long-pulaed or steady~state Reversed-Field

Pinch (RFP) have been performed. The PTF ccnstraints

euggested in Ref. 5 have led to the following general
fsatures of an ohmically heated neutron sourcel

¢ Small physical sizs, total fusion power, and driver
pover (ZT-40M/ZT-H s1ze)!:d while maintaining high

neutron first-wall loeding to give small capital
and operating costs.
¢ Confinemsnt acaling based on prassnt RFP

experimental results.

e Sub-ignition operation with the possibility of
anomslous 1on heating! (not assumed htre) o
minimize further the power input and plasma size

while maximizing neutron first-~well loading.

o State—of-the-art resistive TFC and PFC to minimize

ohaic powar iequirements in e compact (200 tonne)
device,

¢ Steady-state oscillating~field current drive (/=6
pumping) consistent with the experimentally

obssrved! RFP plasma dynamo, but
denonatrsted,

remaining to be

® Iwpurity control options provided by poloidal
pumped limiters or toroidal~field diveriors.

e Moderate-to~high bata (0.05-0.!5)
conajatent with 2xperiment.l

operation, also

The RFP program {s not yet ready to embark on a
device of the class suggested in Table I. The next-
atep RFP devices presently being designed and pronosed
for construction,’ however, represent the necessary and

eignificant intermediate setep to the RFP/FTF (and
ultimately for the RFP reacior), as these systems
strive for plasma currents in the range I, = 2-4 MA,

Key issues {n both physics and tcchnology can be
identified with the sbove 1list, many of which will be
resolved by the next RFPP devices be’ng planned.3 10
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Teble I. DEVICE PARAMETERS POR FUSION TEST PACILITY (FTF)
BASED ON REVERSED-FIELD PINCH (RFP)

PARAMETER FUSION NEUTRON
FIRST-WALL LOADING
1 MW/w? 5 MW/m?

GEOMETRY
Plasma major/minor redius, RT/rp(m) 1.80/0.30¢®)
Plesma/blanket volume, Vp/VBLK(ma) 3,2/9.6
First wall ares, Aru(mz) 21.3
Blenket/shield thickness, Ab(m) 0.30(®)
PLASMA
Pinch/reversal parameter, 6/F 1,50/-0.074
Poloidal field at plasma edge, Bg(T) 5.1 6.4
Polotdal/total beta, Bg/p 0.10/~ 0.05
Average electron/ion temperature, (<) To/Ty (keV) 4.7/4.5 11.2/10.8
Average electron density, ne(107°/m3) 6.7 4.6
Plesma currsnt/current density, IO(HA)/J.(HA/mz) 7.6/26.8 9.6/33.8
Lawscn plraneter.(d) n1E(102° o/m?) 0.97 0.89
Ohmic/fusion power in plscaa, Pop/Pr(““) 29.0/29.2 13.4/133.0
Plasms Q-value, Qp = PF/PQp 1.0 9.9
First-wall gverage heat flux, IQH(HH/nz) 1.6 1.9
Poloidal flux, LPIO(Hb) 40,7 51.3
Kinetic/magnetic energy stored in pleama, Up/HB(HJ) 1.5/154 .1 2.4/245.6
Plasms registive decay time, Lp/Rp(s) 10.6 36.7
MAGNETS
Total ohmic power to coils, PQC(HH) 25.0 39.8
Toroidal~Fleld Coila (TFC)

® current-centsr radius/thicknese, 'coléco(m) 0.63/0.05

® current d.nsity,(e) jc‘(HA/nz) 6.7 8.5

® power consumption, Prpc(MW) 3.0 4.8

® nasn, Mppc (tonns) 17.4
Polofdul-Fisld Cotla (PFC)

¢ current center radius/chicknese, r.g/6.q(n) 0.80/0.30

® curent dcncity.(') JCO(HA/mz) 6.7 6.9

e pover consumption, Ppp .(MW) 21.9 3.0

® mags, prc(tonna) 126.0

* PFC tnductencs,‘) L (1076 W) 2,01

® coil current, Ico(HA) 10.14 12.80

® solenoid flux, LCIC‘(Wb) 20.3 25.7

® cofl L/R time (a) 9.4

(e)Plasma radfua taken at T » O surface and i{s grester than radiua of reversal layer, first-wall and plssma
tadiue tsken as equal.

(b)Takan to be vqual to first-well radius and rapresents an upper bound on sxpsrimentsl/test volume.

(c)Bessel~function model preasurs profiles assumed, P(r) = Ji(ur), with n(r) and T(r) = Jo(hr). A remtatance
form factor of Ho ™ 4.7 was computed to ba consistent with gh.l! profilsa,

(d)The cxperimentally calibratsed lculing.l “ce = 0.083 I"25(HA)r 2, was used with 1 L
the global energy confinement time. No anomalous ion hesting 8.. sssumed. P

(e)Current densicy in TFCe and PFCa equsl, magnitude set by PFCs site and power consuaption.

(f)Taken 68 Lc = BORT(1n(8RT/rco) = 2.0].

- ttc‘ snd Ty computed as

-



