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PROSPECTS FOR mSION APPLIPCAT1131SOF UZW!E.EO-FIELD PINCHES*

C. C. ~Chkc, R. A. Krskoucki, and R. L. Ragenoon**
Los Alamo- Natiomel Leborato~, LOS Alamoa, w .97545

Abstract: The applicability of the Reversed-Field
7inch~ as a source of fusion noutronm for use in
developing key furion nuclear tochnologlee is eumlned.
This Fusior, Toot Facility (PTF) would ●mphasize hi~h
neutron wall loeding, -11 plaa~ volu-. l?w fusion
and driver pwers, ●nd eteady-state cperation. Both
parametric tradeoffs beomd on preeenc-day physizs
undmrntanding and a conceptual dealgn bxoed on ●n

l-HU/~(neutron) driven operation are reported.

Inrroduccion

The coroidal, ●xim~tric Rover#ad-Field Pinch
(RFP) confinen high-beta plammm in a configuration klth
ctrong ohnic heating ●nd l-field coils. On che basis

j~ojS~;~oJ~:;’YS:li= :~:JS~eJn!.!;~~ ’i;!-L~”ctil
boon proposed.4 Incermedlace btwsan the ZT-H
(r - 0.4= plas~ radius,

F
I - 4-MA toroidal plasm

cu rent) ● rid the compa~t reactor cmbodlmencs

(r - 18.4 M) ● rc ● number of E.FP davlcem
&~5~;~] ~;;! technology [?uoion Technology Facility

!
■ 7-8 HA], DT-ignition (I - P-10 MA), ●nd

traactor+ monacrstlon (I > 15 MA) fu ct ions.

t

In order
to dafine better key ete s in the RFP development path
● nd in ●u port of a

!
broader ●mammmment of fusion

cechnolo~, conceptual deoign etudiao of ●n RFP device
w!th FTF-like quxlltiae5 aro t+ing conducted. The
RF7/FTr muld be ● high-currerrc ●xtension of ZT-H,k
Utilltlng current driva ● nd ●ctive impurity/aoh
control. Guided by ●ystems studieo, a concaptuel
design of the RPP/?TF la porfot-mad ucing coupled ~dels
for a) ohmic-heating and ●quilib?l~fleld coil-; b)
tlmm-dapandent plaoma/clrcuir olmulationt unlng
●xparimmntal #calingm; c) oscillating-flold (F-13
pumping) currenr-drive simulations; d) ●dga-plaoma
olmulation ● nd firtt-wsll tharmel-echanlcal/
tho~l-chemical ●nmlym*B; and ●) megnetic-divortor
impurity concrol. h RYP/?TF deal~n ●nd requir~d
phymlcm/technolog-y datakee raaulti~ from this study
● ra daocrihd.

Ro~rtad-?ield Pinch Concapf

T’rA primsty conflni~ fiald, I .
!

in ● n RFP is
pololdal ● nd lo ganeracad by a toro dal plasme currant,
1, ~c RFP plasm aupporco ● toroldal bias field, B
t8 ●tabllize caueatc (m - 0) ●nd ●lliptical (m - !j
diatortlons. Crossly urmtablo ~D modoo wlch
vavolongths lon~er than cho mirror radius of an
●loctrlcallv conducclnS shall ● re eta billlod by tha
choll on a short thm scala ●nd by feodbeck coils for
lonsar tins. If tha toroidal blao field is #11 Chtly
rev- rmad nea r tha pl-aM cdgo, tnc roaultlng mgnetic
shaar In tha plaom-mdga rosion io oufflciant co
otabillsc local pramoure-driven ●nd currant-driven
inotablll tics, Thio atablll~atlon occurs at relaclvoly
high mluae of tha normelimod planme praaourc,
P ~ 2~T/(12/Zpo).

Tho kay dascriptlve parautcrc in the minimum-
snerg~ RF? chaoryt ● rc tha pinch ~ra-cor, e, and tht
rewrnal perawtcr, F, mhich ● re da fined cm

(r )/<B > ●nd ? - I (r )/<B >, wharo <a > la cha
~v:r~e ‘toro~dal tfield *itRin ~ho mar~ta porature
plammJ radiuo, ~lch 10 alao cakon hero so the
conducrl~ Ghmll, ‘P’~e 10CUO of tinimum-emergy ctatct,
as doecrlbed in on ?-e nh.eso OPSCQ confl-d by

~ork ~rfe~d utiar tho ●uapicet of US hpartmmnt cf
ln~rgy
**Philllpa Patrolou Co. , B.el’tlosville, OK

@’Vmrimmntal F-e traces, shows the plasma residi,lg
within a reaion of F-e epace where P<o ●nd
1.2 < e< 1.6. For the purpuaam of ignition/burn,
LYP/FTF,5 ●nd rmaccorz)b ●tudica, rho P-P conarrmint is
●mforced both during stsrrup ●nd bum.

Evidence for nearly clamslcsl rtoistivicy in RFP
placms ●xiett,’ giving a ~trong indication of ● n
●fficlent plasm dynemo to uincaln tha RFP field
cocflguratlon, ur~fke cha tok~k, ● cloma ●ICCtri Ca]

coupling ●xists Lwtwaon the poloidal ●nd toroid~l
circuits through tha lFP plas M. Thie coupling also
providee in principle ● uanm co drive coroidal current
nonlnductivQly2,e ● t lw freauancy (50 Hc for the
rcmctor2). ?raliminary ●xperimental ●vidance in
support of these Id@as racently wa m report ed. i Th’~
oocillatlng-field (?-e pumping) current drive serven am
the Inals for a ottidy-state RF’P/FTF daslgn raported
hcrain.

A potential problem of ●nhanced plaom tranmport
caueed by the RF’F dynamo re~lns. Generally, the
field-line Fro#king ●nd reconnecting that may be at the
boo of the RF’P dynamo 9 i- expected co reduce energy
conflnennt within Intelmal rmgiona of the plasm. An
●mpirical ●xpraemlon for tha ●calin~ of global
cnnflnement t Lme from small, nhmical!. y heated
ixparimmntt !m uaad. ‘pecl”lCa”y, t“e com’’nn-’oq ~’
prenaure belance
balance (nT/~ ‘T - ‘e’t(’i’N)]’ “’s’u-%’g:= njz), and clas lC 1 rstistivitv
l/T3/2) @r.d~cts that zF/r 2 = p~’2(1~/N)3’21 3i2 or

The RFF PIICM b~rn oimulac one uti!lze an
~$;i:!l “.c.lingof the f,m,t/r2- CvIvf(pe), The
parameter Cv and v have kin cal!br~tcd with ●xisclng
●xperimental retulcs,l ●lthough direct ●xparlmcntul
●vtdencm for the r2

P and Plt mcaling remeino to be
80Mrat*d.

In mu-ry, a etrong cxperimntal databane !s
●volvins frnm ● number of mEull RFP devicto. This
databxa~ has provided tha foundation for the next
wjor, meIa-ampera RF_Pa prescncly under conmideratlon

by cha US3 snd KEC.10 TLis dacabesa 10 eum~rlzed
balou.

●

●

●

●

●

●

robust dyumo lnitlaclon ●nd mustalnment

slow current ramp After ln~mnergy RFP
forut ion

conotant-beta oc~llns (nk BT “ Ii)

tmporatura increaoes with currant

current denclty Oufficlalll for mtrong ohmic
host ing

confineunt Liu lncroasoo with current

(IE ■ 1;, v - 1.0-1.5)

dyrumo coupling of pololdal and toroidal
circuits to muggtlmc ImtechnoloSy current
drive



Parametric Design

Design Models

Plame Model. An optimum RFP/FTF design generally
●stablishes a ceiling qm total capttal (core eize,
support power) ●nd operating (support power, fuel
requir~nte) coots for a system that maximizes neutron
first-wall loading, device availability, ●nd
•-eri~ntal volume (and firsL-wall area) and mioimizea
plasma volume ●nd total fusion pwer. Since the means
and constraints by which to optimize the RFF/FTF are
not well ●atabliahed, the reactor ●quatione descrtbed
in Appemdlx A of Ref 2 were firat solved parametrically
in ●ceady state simply to ●atabliah the main phyaica
par~tera for amsll RFPa. b. simplified model of the
golla waa used to obtain ●n initial estimate of core
■ass, power consumption, ●d possible startup ●enarioa;
detailed circuit ●nd magnet ●mlyees were then
performed on the bsaia of design points auggestei by
these ●te.sdy-state ●nalyses.

A driven, small RFP operating with both high
particle density ●nd current density waa judged as most
●ppropriate far the FTF application. A DT-ignited Rpp
generally would generate fusion powerc above the
P . 1OO-W upper limit for ●n FTF5, ●lthough the ●xact
l~mlt depends on the plasma beta ●nd tranaporc scaling
●saumed. The ●verage first-wall heat flux, I

P’
the

ohmic power delivered to the plasma, PQ , ●nd th ohmic
ptwer consumed by the coil ●ct, PQC, &re monitored in
steady ●tate along with the neutron first-wall loading,
I ●nd the total fuafon power, PF, for ● given plasma
b%a. Although Zeff, plzams ●apect ratio, A ■ ~/r ,
the tranaport scaling parameter, the pin?h
parameter, 9, ●nd the anomalous ion ‘;eating were
varied, the basecase selectee Zaf-l, A-6,
v - 1.0-1.25, 3F = -0.1 (corresponding EI ●termined from
plasma ●quilibrium and ● ~odified Taylor theory for a
given beta),●nd no ●nomalous ion haating. Both F-O
pumping current drive ●nd ●ctive impurity control
(either poloidal pumped limiters2 or toroidal-field
magnetic diverters) were investigated.

ZeR=l.O, fM=O.0, A=6.00,v=l.25,/34= 0.10,

Reeults from the steady-state plaama simulations
● re diapleyed on plots of plaama current vereus plaams
minor radiua where either I , I , PF, or P
fixed. Figure lillustrate%a d~signplot ?&’’%~l~!S
parameters with v - 1.25 and p - 0.06 or O.1O. Given
the constraint of Iw > 1 MWpmz, PF < 100 W, and
10 < S W/m2, a design “window” la deftned in Fig. 1.
On the baais of present ●xperiments (I < 0.5 .MAj
r %- 0. 15-0.2 m) ●nd projected near-term e periments
(Y4 - 2-.4 UA,

‘P
- 0.3-0.4 m), it was judged that

‘t
u 7-8 M and r = 0.3-0.4 m represents a region of

r asonable ●xtrapol~tion from the next generation RFPs.
A representative deeign point is ●lso indici, ted on
Fig. 1 for more detailed ●xploration of the c = ().1

‘1caae. This Iw - l-t4’U/m2 design is ,]ot ignited a though
increasing the current from the I = 7.6 M Vai:,e to
> 9 UA would give Iw - 4-5 MU/mi and DT ignition.
Before preliminary” engineering parameters for the
RFF/FTF design point can be tabuiated, however, an
estimate of the steady-state power consumption in ●nd
size of the ceafining poloidal-field coils (PFCS) and
toroidal-field toils (TFCa) ie needed.

Magnet Model. Reduced to the si~lsat terms, the
RFP converts large currents in ●xternal poloidal-~ld
coilal IOCS to nesrly equally large currents, I , in a

!toroidal plasma. This plaama current both -onf nes ●nd
heata the high-~ DT plasma. Rather than minimizing the
cost of energy, ●a ia done for a power reactor
deaign,2,& the RFP/FTF would maximiza Iw while
minimizing the powr delivered to the coils ●nd plasma
● a well aa total plaama size, fusion power, ●nd tritium
requirement. On the bssiti of the designs ●uggeeted on
Fig. 1, the RFP/FTF deeign task then becomaa one of

current ●nd pwer management in a ZT-40U/ZT-H clasa of
devices.

A simplified model is used to ●atimete the mass of
●nd power dieaipated In the coils. A more detailed
circuit ●nd plaama ●quilibrium ●nalyses la then
performed to give better ●st18atea of startup
scenarios, coil ●trensea, and volt -eecond requiremanta.
Paat ●nalyaea ualng thle simplified ●pproar,h, which

I
Op
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Ta(he V)
!

PLA8MA RADfU8, rp [ml PLA9MA RADfU8, CP h)
?1s. 1. Interdependence of

f&es, I@, -tron ~~:%wa~~r~~~n,~$’ ‘n P1aa~ radiua, r ,
for ● ran~e of ●$~ara8e first-wall heat

Iw ●nd total fualon p&wer, PF. ?cr s1l caaea, the pleema
iB taken aa 0.06 Und 0.10, respe; tivaly, the transport para~ter, v ● 1.z3, ●nd no •n~ololls ion

heat; ng ●seumed. A dasiun window ie +fined by Iw > 1 MU/G2, PF < 10n MW, ●nd I
Qw $ 5 M@ ,



C:eats bothTFCS and PFCS as homogemods shells, have
proven to be ●dequate ●nd verifiable.z~” The ratio of
O-mic pouer dlsslpa:ed In the idealized PFC TFC set to
that delivered to the plasma is given in Fig. 2., where
x-rlr is a minor radial filli~ fraction for the
plss~, ‘the plasma and coil res: tlvitiesare m ●nd
m , reepectlvel . 8 ~ ie a plae~ profile f-ccorp for

~ ~ ~~ the ~o~~ ~onduc~or f~~~~mg;~:k,onh:t:ng ;,
., ●nd L le ● geometric factor. The

Coil-t eplasma current recio for an ideal clOeely-

coupled plasma coil svetam initisted with a bipolar
current ●wing le us-d. The tradeoff between normalized
PFC thickness, 6 ~lra,

i
and plesma eepect ratio ie given

on Fig. 2 for t ● caee where the TFC ●tandoff dletmtce
●rom the pleema. Lb, ●quals the firac-wall radiaB, ●nd
x-r~~rw=l; the conditi~re=cbt~;g ,~~ve~lee~
●xper mental volume ●qual ta
-volume . Selecting ● value of A u ~ ~aned on near-
optlmdl coupling of coil currence ~ick plaama current
●ll.we the dependence of
also to be displayed, vhere ;ci~~t~;dc~$! “Ae~na~5E~~
co , are the plamsa .n~ coil current der.e,r .
raepectively. The coil ●tancloff dietance from the
flret-wall. fib ■ rw, provides space boc~ for tests and
shielding to be located between the first wall ●nd :he
TF: ●ec. The impact of -n ideally coupled PFC for

A - 5 1s ah= ●hewn by the A = 5(At. - O] curve. The
RFi”FTF la not deoi8ned to breed trlcliim.

o

8

o

Interim Deeign Point

The combination ef pleeme and ceil results given,

reapectlvely, on Figs. 1 and 2 are uSed tG develcp a
first ●atimete of the RFPFTF design point(sJ for
eutwequent, more-deteiled plaema eimiulatiori anti
●ngloeerlng analyale. Table I summarizes geometric,
Dlame , and Mgnet characteriatlce for a single device
chat would ge~erate ● neutron currenc ewe r the range

Iw - 1-5 MUmi while aaaurlng that ~he fusion power 1s
heid beleti - 100 W-. These designs are ●lsc identified
on the Ee - 0.1 plct in Fig. 1. The ohmic power
dellvered to the plaama la held below 30 HE, and the
average ~hysiral near flux on In-vacuum components is
below Ir

r
- ~ !.rw.mz. A eumaery Of the comFutatlcnal

baaie o this ●xamrile la given in the liet of foot~,ataa
acco~anying Table I. Although thle dealgn la
●ubignlted

.-.
●n Increaae of - 252 in the

7.6-f4A desig~Q~~;r~~~:~I= . 1 HWm2~ would renult ID
Ignition ●nd an increase in Iw to - 5 w w“ [Fxg. 1].
Generally, the I - l-~.m~ 4rlven design serves here
● e the baaecas~. Tiiia beaecaae deai.gm la for a
tranaport parameter w - 1.25 ●nd ● pololdal beta cf
6 -0.1.

f
iilgher or lower Cranaporc and or “Mea wGiild

● lift che dealgn window; Fig. 3 gives this ●enalti.:it.;
of this pityelca design to variation in w and E&. -

Conceptual EnRlneerinS DesiRm

-1 ‘!~

I T

:--:-:._] ““
The mall size of the RFF”FTF deelgns liete< en

-. Table I gives L’R tlmea for both the plasma ●nfi coil~: :

1

:
aete that ● re sufficiently short to make desirable a.ome

>
form of curren, aus:airrment. A MpOlar

i
scartuc ie

~ envieaged, Ui[h tl,e PFCS ●er~ing ●a ●n ●nergy store
-. ,3 tiaed to lniclate ● low-current, low-eaerg;?

:1

.6 g
Ab:r= = 10 (-- G.5-I.D keV~ RFp; a purely Inductive ● tartu@ through

$’ F (3 = -012-1.55 ● reaiative tranafer la sufficiently atreealng ●nd

k = rP r. = 1.0 inefficient to preclude i:a uae fo- attaining c~e final5
&a Pi= PrjP = ~277cL-4gonu77~A ulaama comditiona liatea iri Table I. Instead, the PFj.q

:\

would be charged In ● reversed-biaa condition t~, a

+’ state not unlike that of the final, full-piaon~-currefit
condition. A

5 -----
realetive tranafer in time tR = 1-2 ●

.-. —. would term ● m RFP that ie gubseq~ently ramped In a
-.

6
longer time to ●chieve the final ●ceady-state ~lawna.

— Thla ●low current ramp would initially be driven

5iAb = 01 directly from the power grid, with F-6, DUMDin8 DOaalblY
\-_ . . . . ----- . . . . . . . . . . . . . . . . -. being ●pplied prior to cur:ant f!a C-t Op if the plaama

- .- m.--— reaiatance be~o~o ●ufficiant~y 10W. The plaama would
then be taken to the final conditions, ●nd t!,e F-C—

o

Fig. 2.

0.4 0.8 12 1.6 zPumDlng current drive would thereafter auatain the
Dlaama. The OHC current ● t this rmimt #@cayc cc zero.

t% r8

Dependence of ohmic Dower loaaea In coils, Pop,
relatlve co chat in the Dlaama. Pa , fo~-a
homoginlzed coil ~del. ●howimg the de~endence
on plaamv ●agect ratio, A = IL#r , pololdal
coil thickneae, 6 . for ● TPC ●tandgff &b . rw
●nd ● minor rati!al plaema filling fraction
x - 1. Shwn ●lec is the me-a of the coil ●ct,
I!c , ●nd the retio of PFC to Dlama current
density, jc@;j@.

The cM1 Dwer requlrernnta Biven on Pig. i an
based on ● bipolal induct ve awloa ●nd peak c~lrremt
condlciona. An lnductlvc pulse for this smell Oyatan
at moat wnuld last for only - 10-20 a. Application of

F-e ptmpln82.-.a to drive tha plaame current. ●lther
bafore or after peak current, would ●now the o*ic-
haatin&coil (OHC) current to be drivefi t. aero.
Getirallym the OHC power requlrementa ●hould be
●dequate to ●upc!ly current-drlva loasea if trmnaferrc.~
to the F-6 Dumping current-drive ●yetem.

Optlmlzacion of thla startup ●nd auatainment ac-nario
tc minimize power, magnetic flux conaumrcim, and
t●chnulo~y requirewnca la required. The crucial
Cradeo?f between coil cost ●nd technolog;~ (i.e..
voltage, pwar. and volt-aecc.ld requirements) and tne
ove:cll _c@roach to rbe F-e pumping drive coil. ia
●xnuined with a t ima-tfepcndent plaamal-ircuic
aimulaclon of the dealgn ●ug8eeced in Table I.

fla~neclca

Equilibrium. The PFC deol~n follwa the rr~cedure
outlined in Ref. 2. The P?Ca ● re subdivided into two
functional ●eta: ●l ●quilibrium-field coile (EKs) to
provide ● vertical ma~netlc field of the ●DDrxrlatQ
ma~nitude, Bv, ●:,d index, n. to ●neure horiconccl cad
vertical ●quilil-.lum, reepectlvely, ●nd b) ,p}.,:a to
Provide the Lwlk of the inductive flux twins. . I
without introducing me~netic field fnt~ tbe .lIa$;
regiom. For th~ l-HU:m2 neutron-wa ll-londi~ w caae
@iv@. on Tabl@ 1, bv - 1.23 T. O ( n c Q.*!. qni
L I _ L&.O Ub arw requlrod. The coil deniit..
fEr!ller

la
conttral.ed to maintain rhe peak !-Jr e; -

dencicy balou 10 M:mz, to mlnifnise the total Q . .



1>. roes, mnd CO avoid c>ll overlmp. A coil dctign which

fi[a Irruggly -kc che TFC1 and in reprenentatlve of

the shall wdel used in the paramecricn model (Figs, I

and 2) in ●}.- in tho 1-T half of Fig. 4. Thio
‘nnuu” coil ~si~ Conamti 14.3 tlU in the TFCC
(6.3 U/m2 ●verage currenl density) and 20.4 KU In tha

OHCC (6.13 KA/n2 averaum cur:mnt darmicy). The “anua”

danign sims [ho mimium OtLd c 10CE (34.7 W) and

rapremen:m a 581 incremne n>,er that predict-d by the

parmmctricm model . MailteiuPce of an ●xparinntul
accast co rho rtgion ia.aide the PFC- would require the
ramovtil of ● portion of the 207-tonne PFC act. A ❑ ore

mainrainmble ●nd accaamible demifl is ohoum in che

upper half of Fig. ~. This design provide~ Ln openin8

on the mttmard tide thrcwgh which quadranta of the

tar-uc, inclumivm of th* TFCa or dinrtoro, could h
❑ovmd. l-his “opan” design conaumen 14?3 more ohml c
pcuer (38.0 H%’) and it 9,51 mora motive (236.0 tonrroc)

compared to tho “mrrug” iaoign.

Tle TFCS ●hm in Fig. L hav~ a thickar radial

build (0.08 ❑) than prudictcd by the pararmtricn model

in order to ●cco-dmta dincreec coiln wicl ● uniform

torrent dammiry Of 6.7 MA1m2 and un. farm crOms -

8ecti0nml area. me rmaulting T?Cn occupy lam~ Vol.lme

●Id, hanca, con bum.f 10IJ ohmic pow-r (1.7 HW). The

❑inimum numbar of TFCB Ir ●mcim.a ted co be - 24 in order
to mine ain ●ccapcably r#:q <ho.ool,-11 rfpple (A

vhare A% la the ~litudc of [ha ●lical

msgnetic-lield perturbation) and nufficicn. ly -11
magnetic iclando ● t the pla, m ●dse [Ar/(rp-rv) < 1,
where r is the ravaraal surface radium and ~r is the

Iisland w dth].

Circuit lBurn Simulation. The coij induct nnceo ●nd

rmmin tancan ●aaociated with the “open” denign were u~ed

in a time-dapmndent plammlciccuic oimlation2 of the
n[lrcu~ of cha l-tW/m2 neutron -vmll-loadirq design.

This simulation indicac~t an initial ORC back biaa of
-25 HAmp-turnm i- rcquirtd co provlda the nece~mary
flux ~wing and tha ●flaocimtad ra#i~tivm lommem in the
plamm. This btck-biasad condition crnntem an inirl&l

Z.fl~l.O, foMM~O.O, A=0.00,v=l.25,& VAR(
9=1.50, f.=1

1

(peak) Von Hinefi tree. of 143 KPa, which in vithin th,
deai~n conntrnint (200 UFa). The p-k inductiva pouer

during ramp-,~p of current iE ea tim ted to be 270 w.’
draw from the grid and the consumption of - 45 h%; the

ZT-40M erperimncl requirua - 20 W and - 1 Mb, and the
ZT-R e~ariwnc3 10 ●stlwcad co requirm 100 HU ●nd

2[1-30 Wb, All Coilfi roge[her require 270 MU (peak)

frurr the power grid juot bwforc current flat cop (at
3,3 m), ● t which point tht pmar raquircd dropc to che

previously quoted 38 HU.

Current Drive—

The mteady-otate cnnditionm suggcmced by che
pmram.ecrica code and plammlcircuic ●imlationa are
acaumtd to be rmaintnined by F-Q pumping currant drive.2

Tla current+rive •rul~oi~ is ~rfo-d with ● tiR-
dapendent Dimlation’ of [ha plasw respon~e to

minuaoidal fluctuatiouf, in tha poloidal-fiald mnd
toroidml-field circuirs. A 90 dograa phase difference

batwmen the two circuits in i~nacd to mximire
current-drive ●fficiency. For the daoign valuen of F

●nd @ ●nd ocher plasm parancara, a frequency > 200 Hz
1- naedad in order to uintaln coroidal-fiald rrvermal
durin8 the currenc-dliva phaae. Tha driva frequency

can be lowered bv n}ertting at nlightly higher vtluea
of @ ●nd corraapondin~ly deeper revar8al with only
modest (- 1-2 W) i,)crcascs in TFC ohmic losses,

Rcarricclng the coroida’. LIUX #wing to & M@. - 0.03
a[ 200 Hz would rm#ulc in a curr*nt mdulncion,

[’1 /(1 > - 0.017. Although tho poloidal-fiald and
co:oid!l-field circuica ~rovida cmparabla raalstiva
pwer to the plasm (11 KU and 18 W, raopactimly) the

high-:, pololda:-fiald circuit rcquiroo a paak and !UfS

raacti ● pwer of 3,6 C!J and 2.3 (X.I, rmmpectivelv.
Such hiuh Dower levels can ba handlad inexDan#ivelv

2 ,

- 4-/“
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I
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1

ZeIt. l.O,fOHM.O.O, A=8.M,*sl.W,~. VAR,
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l~uricy control scheme, detailed neutronicn, vacuum,
them.xl-hydraulic, mechanical, power-handling, ●nd
operational computation will lead to an ●ngineering
Integration of sufficient detail to ●now ●ccurate
economic and technological aaaeaamenta to be made.
This core integration activity will pursue the “open”
configuration depicted in Fig. 4, +ich can accommodate
both horizontal accesa to test apecimena without PFC
damounting, aa well ●a toroidal-field divertor
chambers.

FTF Coil Configurations

~
L“’’’’’ ’’l ’’’’’’’’’f’’’’” “’1’ ’’’’’’”4

B

Fig. 4.

0 1
,-,L 3 4

Major Toroidal Radius, RT(rn)

~arison of ● more maintainable /ac&aible
‘Opan” PFC configuration (upper half plana)
with ● more-efficient “snug” PFC configuration
(l~er half plama).

~oncluaiona

Scoping ●tudiaa of ● Fusion Taat Facility (?TF)
bcsed on a Iong-pulsed or steady-state Reversed-Field
Pinch (RFF) hava bean performed. The FTF ccnstrainta
●uegeated in Ref. 5 have led to the following genarsl
fattures of ●n ohmically haated nautron ●ourcel

●

●

●

●

●

Small physical size, total fusion power, and driver
power (ZT-40t4/ZT-H ●iae)103 while maintaining high
neutron first-wall lo~ding to give ●aall capital
and operating coata.

Confimemant ●caling baaad on proaant RFP
●xperimental reoulta. 1

Sub-i~ition operation with the ponaibility of
●nomalous ion hoatingi (not ●eauwd here) LO
minimize further the powar input ●nd plaama size
uhile maximlzimg nautron first-wall loadl~.

Stat-of-the-art raoiative TFC and PFC to m.inimiza
ohmic power ~aquirementa in ● compact (200 tonne)
davlce.

Stasdy-otate oscillat!.nt-fiald current drive (+6
papin8) conaiatent with the ●xperimantally
obatrvadl RFF plasma dynamo, but remaintng to be
demonstrated.

. Impurity control option- pro?ided by poloidal
pumpad Iimitera or toroidal-field diveriors.

. 140derate-tehigh bta (0.05 -0. :!5) operation, also
conslacent with experiment. 1

The RFP program la not yat ready to embark on a

device of the clasa ●uggeated in Table I. The next-
step RFF devices presently being designed and proposed
for conatruction,3 however, represent the neceacary and
aignifj.cant intermediate step to the RFP/FTF (and
ulti-tely for the R~ reac:or), ●a these aysterns
strive for plaama currents in the range I - 2-4 MA.
Key issues tin both phyaica ●nd technolo y can be
identified with the ●bove list, many of which will be
resolved by the next RFP devices bef.ng planned.3 $10

1.

2.

3.

4.

5.

6.

7.

8.

9*

10.
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Table 1. DEVICE PARAMETERSFOR FUSION TEST FACILIm (FTF)—.. .
BASED ON REVKBSltbFIELD PINUri (RFP)

PARM3TER FUSION NEUTRON
Pi RST-WALLLOADIK
1 MU/mz 5 N@

GEOIIETRY

Plaema major/minor radiug, R#rp(m)

Plama/blanket vohJme, VP/VBLK(m3)

First wall area, AFU(m2)

Blanket/shield thicknese

PLASUA

Pinch/reversal parameter

Poloidal field at plasma

Poloidal/total btta, 139/[

Average electron/ion temperature, ‘c) Te/Ti(keV)

Average ●lectron denslcy, ne(l@u/m3)

Plaamn current/current density, 10(MA)/jo(~/m2)

Lawaon parameter, ‘d) nzE(1020 0/m3)

Ohmic/fusion power in plaa~, PQp/P@U)

Plama Cpvalue, Qp = pF/PQp

First-wall am?erage heat flux, I@(NU/m2)

pololdal flux, LpI@(Wb)

Kinetic/magnetic energy atorod in plaama, wp/wB(?tJ)

Plas- reoiotive decay tiw, Lp/Rp(s)

14&NETS

Total ohmic pwer to coils, PQc(f4W)

Toroidal-Fiela Coil- (TFC)

. curranc-cant~r radiua/chickneso, r c@/6c6(m)

● current density, ‘e) jc$(MA/m2)

● pwor conaumptlon, PTFC(PIU)

● macm, ~pc (tonna)

Poloid~l-Field Collm (PFC)

●

●

●

●

●

●

●

Ah(m)

e/F

edge, Be(T)

.

current cantar radiuo/chickneaa , rce/bco(m)

curant danaity, ‘a) jce(f’iA/m2)

pwar consumption, ppp;(~)

maaa, ~FC(tonna)

PFC inductance, (f) LC(10-6 H)

coil current, lco(~)

aolanoid

coil L/R

flux, LcIcO(Ub)

tim (a)

O aurfaca and 10 gr~acar than radlua

1.130/o.30(a)
3.2/9,6

21.3

o.30(b)

1.50/-o.o74

$.1

0.
4.7/4.5

6.!’

7.6/26.8

0.97

29.0129.2

1.0

1.6

40.7

6.7

3.0

6.4

0/- 0.05

11.2/10.8

.4.6

9.6/33.8

0.89

13.4/133.0

9.9

1.9

51.3

1.5/154 1 2.4/245.6

10.6 36.7

25.0 Jg.8

0.63/0.05

e.5

4.8

17.4

0.80/0.30

6.7 6.5

21.9 3J.O

126.0

2.01

10.14 12.80

20.3 25.7

9.4

of revaraal la~er, first-wall ●nd plaatu(a)Plama radius taken ● t T ●

tadiue takan aa ●qual.
(b)Tak~n to ba rqual to flrat-wall radium and rapreaants an upper bound on @xpatim-ntal/taat volume.
(c) Baaaml-funct ion ●odel praatura profllas ●mmmad, P(r) ● J2(kr), with n(r) ●nd T(r) ● Jo(yr). A ronlatance

form factor of y. ● 4.7 via cmputad to be cormiatanc with ~hace profilom.

(d)T%e exParlnntal Y calibrated ●caling,l ‘.ce - 0.083 I+025(MA)r 2, wao used with lpi ● 4teo and TE computed aa
tha slobal cner~ confinamnt tbs. Noano”loun lonhcatlns ~aaaaaumed.

(e) Currant denaicy in TFCa and PFCa ●qual, matnltude aet by PFCO aice ●nd powar cnnaumption.
(f) Takan aa LC ■ PoRTIAn(ORT/rcO)

- 2.0],


