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EDGE-PLASMAS AND WALL PROTECTION IN RFPsi

K. A. Werley, C. G. Bathke, and R, A, Krakowski

Los Afa.mosNational Laboratory, F641, LQS Ahunos, Nh4 87545

ABSTRACT

The Reversed-Field Pinch (RFP) has the ●bility to operate

M ● compact, moderate-to-high beta, high-power-density

system. A compact system requires careful control of

the particle ●nd heat fluxes impinging on plasma-facing

components. A strongly recycling, toroidal-field open

divertcrrcombined with ● highly radiating ( >90% of plasma

heating power) core plasma is required. An open divertor

configuration locates the plate near the field null to

take ●dvantage of flux ●xparwion and minimum poloidal

myrnmetries to minimize peak heat fluxes. The physics ●nd

mgineering requirements ●re quantitatively discussed for ●n

rvtslutionary sequence of impurity/ash-control schemes for

ZT-40M (0.4 MA)+ ZT-P (0,08 MA) --I ZTH (2-4 MA;+

~TF/RFP (10 MA)-+ TITAN (18 MA).

INTRODUCTION

4 main ●ttribute of the Reversed-Field Pinch (RFP) is

~eration ●t moderate-to-high betas ●nd high power density

n ● relatively small volume. Central to exploiting the

wrefits of compactness in n system that inherently combines

:onfir-wrrent (poloidal field), heating (ohmic), and current

Irive (oscill~iing-field current drive, OFCD) functions into

I single m.rbsystem is the control of the particle ●nd heat

Iuxes Operation within ●nk:newing limits imposed by heat

Iux ●nd wall erction in steady-state, compact, hig!t-power-

Iensity &vices is pmsibie only by ●) controflini carefully

magneticfic~denom wrd b) shedding ● large fraction ( . 0,9)

f theplasma internal energy by radiation, both ●pproaches

rwure uniformity of heat flux ●t the firgt wall High radiation

,actiont may be ~we ●a,ily ●chieved in RFPs thsn in

Aamaks because experiment d cvidenccl suggests RF Ps

perate with ● ‘“soft” (i e , without diswuptlon) beta-limit

:hich .Acrea=s p!~~i!]= c Farwpori km to compensate for

lcraased radiation loss so ●s to mamtmrr the total energy

onfmernent time constant

oncepta for impurityjasn contmf mnd WOIIprotection in the

:FP have &veloped over thr last five years Pre*nt ●nd

r- RFp axperl-nt. ●t LOSAiarnm u= carbon ll~terg

nd armm til- Upgrades of devices now under construction,

;nitiorr devices,3 ●nd high-power-density reactcxs,l howevw,

tquire diverters to remow the heat ●nd control wosion

Tk engineering requirements of ●dding poloidally symmetric

toroidal-field diverters on both the ZTH/CPRF4 reversed-

field-pinch device presently under construction ●t Los Alamos

●nd on the●xisting ZT-P5 device, which is ● prototype

for ZTH. An ●volutionary picture of the plasma particle

●nd tkrmal energy control required to take present RF P

●xperiments to ● commercial reactor is presented herein.

Parameters for various-sized RFP concepts ●re given in Table

1. The ZT-P ●nd ZT-40M1 machines ●xist ●t Los Alarnm,

ZTH is under construction, ●nd FTF2 (fusion test facility)

●nd TITANS (commercial reactor) represent conceptual

design studies. From the viewpoint of wall protection, these

machines can be separated in to two categories short-pulsed

machines consisting of the ZT series, which do not require

●ctive cooling of tk first wall or limiters, ●nd steady-state

fusion devices which require ●ctive cooling.

Il. SHORT-PULSED EXPERIMENTS

A. ZT-40M. The ZT-40M experiment has veriftcd the

concept ●s a near-minimum ●nergy state configuration

with robust global stability properties, dynamo action

to sustain the configuration, high-beta operation (,;@

3/10 ~pd\’/B~(rP) = O 1-0 3) in ● strongly ohmically heated
(7 MW) discharge The wall is protected by ● series of

carbon ring !imiters, but ●ven though the ●verage mmfacc

heat flux is only O 7 MWf m2, holes have been burned In

the liner (first wall) whtch serves ●s the vacuum boundary

Plasma behavior was ●lso found to improve when magnetic

field ●rrors were reduced Experimental memurements” In

theplasma ●d~e show ● smelt component of fast ●lectrons

carry most of the plasma ●nergy (in the ●nti-current

dwrztion) ●nd cause ● Pemk-toaverage energy load on ●

limiter of 14 Indeed, ZT 40M operatec m the htgh streaming

parametw regime (O 1) where runaways are ●xpected

A aimpl~ mrsdd for the heat flow in the edge pla~ma was

dewloped to describe this pcakmg The normal heat flux

to the wall is calculated for a given plasma shtft, A, of the

centroid of ● core plawna of radius rp relatwc to the centrold

of ● first wall of tadms YU,(Fig 1) Flux surfmcet ●xternal

to the cow plasma ●rc ●ssumed to be concentric ●bout the
core-plasma surface The heat flux to th~ wall IS ●ssumed

to cormst of three parts (n) trmspott ●long field lIIIeJ.

Wrxk suppmted by US DOE



TABLE I. DEVICE PARAMETERS FOR RFPs AND

ZT-40M

Principal Function cancept
dernomtration

stability/dynarno

Minor radius, rP(m) 0.2

Major radius, RT(m) 1.14

Pfasrna surface area, AP(m2 ) 9

Plasma toroidal current, 1$(M.4 ) 0.4

Plasma thermal power 6.3

● ohmic power, Pn(A9U’) 6.3

0 ●lpha-particle power, Pa (MM’)

● radiative power, pRAD( Aftl )

Average surface heat flux, q, ( MU’/m2 ) 0.7

Discharge time, 7D (s ) 0.03

Wall protection scheme limiter

EVOLUTION OF WALL PROTECTION

Z’J’-P ZTH 3W’F

prototype

0.062
0.45
1.2

0.08
7.5
7.5

4.1
0.0015
limiter

ZT-H confinement ignition/
scaling neut rort

exDerimerlt Production

0.4 “ 0.3
2.4 1.8
38 21
2-4 10

20-28 49
20-28 26

24

0,5-0.8 2.3
. m

carbon ●rmor diverts

SCHEMES

TITAN

CCXnmerciai
reactor

0.6

3,9

92

18

457

8

449

4.9

‘w

divertor

qll; (b) r*dial diffusive transport characterized by ● diffusion
coefficient, D, ●nd ● radial gradient scale length, A; ●nd (c)

● radial radiation transport characterized by ● core-plasma

radiation fraction, fRAD: PRAD /PTo T. Where, PTOT is

the total source of power to the piasma core, f’R~P is the

core radiated power, ●nd edge-plawna radiation is neglected

The normal heat flux to the first wall is given by

{

cl, for m_’ :
qw = qll sin m + q.

cos m, form: (1)
:’

svhere,

The angle between ● field line ●nd the wall is o. the ●dge-

plasma ●nergy density is W, the flux sudace ●rea in the edge

plasma is A, and the L = 2n??T The ●verage field hne
length ●long which ●nergy is transported, f, is ●stimated to

be f -= 2rrr/nr)for the RFP, where nl) = 1 or 2 is the

number of directions of ●nergy flow The n [I = 1 option is
included because ZT-40M ●xhibits preferential m-rergy flow

in the opposite direction of the plasma current The result,

praeented herein used nn = 1. The ●versge heat flux to the

wall is q., = PT{JT/Au, Thus, the heat flux peaking factcu

cm be wrhten:

(2)

The nmdel was first cpphed to ●xizting ZT-40M datae

(Table 11). With the parallef flow wlocity Civen by t;l -

2{s’(kT/m, )lls/rtl)

A standard fluid a+ plasma (i ● , ~: 1 ●nd l) 1 r?l~/#)

with Z T-40M input paratneters is preeented SS Case 1 (Table

II). For this case, the calculated heat flux peaking factor,

qMAX /170, Is s factm of 45 less than the ●xPeri~ntallY
factor, cases 2-5 varied A, T, D, ●nd G until the peaking

factor matched the ●xperimental value of 14 All matching

uses have s radial gradiem scalelength of ●bout O,Z m rTI,

which satisfies the ●xperimentally determined Ilmit of ,_ 5

mm. Such small gradient scale lengths ●re required to

●xplain large peaking factors The best match to the

●xperm-tental data is gwen by COse 2 ●nd reqmres that (;

equals 600 Case 3 is for ●n ●dge temperature of 4(N)cI”,

which is the ●pproximate energy of the runaway ●lectron

component measured in the ZT-40M plasma ●dge

B. ZT-P. The small ZT-P device presently servesprtrnarily as

● prototype for the ZTH machine, ●s wI! ●s ● test of shell-

Iessoperation The ZT-P ●xperiment is●xtremely mterestlng

@’+ PORT ‘----

IJrwFt

F!glsrt 1.
40M ●nd

Geometry of thr ●dge plmsms model IIWCIfoI Z 1

Z“ttf



TABLE II. WALL HEAT FLUX MODEL FOR ZT-40M

CASE: a 1 2 3 4 5

Input :(*)
G .- 1600 :85 6000 140
A(mm) 3 33 3 36
T(rp)(e}’) z40 40 40 400 42 40
D(b) . . 11 1 10 1
output :
A(mm) <5 3.76 0.15 0.16 0.15 0.32
n(lO1om-s) 1.0 25.4 1.0 0.1 0.1 2.2
$(t~xr~) ~: ~,1 ~j,l ~~,o 11 H9

14.1

[IZ) Other input: rW = 0.2 m, R~ = 1.14 m, jn.~ =
D.2,PTOT = 7.2 MW.

[b) Tokmnak @dg*pkllS mOdefS I19dy OSSUWIISD =
1 ma/s.

-—

form the viewpoint of plasma-wall interaction since qp =

11 MIV/mz, which is nearly the aenw flux as the TITAN
~actor, The ZT-P device has 200A Coverage of the Iimrr

with carbon armor tiles, but (without di~rtors) protection is

nsufficient to prevent strong plasma-wall int●ractions. Line

●diation causes collapse of the plasma twnperature ●nd

imits discharge lengths to such short times that testing shell-

sss operation is mmle difficult, The ●bility of the TITAN

ksign to accommodate such high heat fluxes, suggests the

Iivertor is one way of reducing the impurity problem, ●nd

Iiverttx designs ●re presently being ●valuated for ZT-P.

:. ZTH. The main goal of ZTH is to extend

IFP currents ●nd plasma temperatures sufficiently far

~ extend significantly the ●nergy-mnfinernent database

“he limitations of ZT-40M ●m~ciated with plasma-

Iall intet●ctions ●re *voided by minimizing field ●rrors,

ontrofling the equilibrium position, ●nd protecting the her

lith 100% coverage with carbon ttlas we importmt features

f the ZTH design, Additionally, the ●verage surface he~t

ux in the ZTH design is held to the ZT-40M level.

‘he mocfd was ●pplied’ to ZTH parameters for a range

f plasma shifts ●nd for the two cases of G equal to 1

nd 600 The L’ = 1 case corresponds to ●n ideal (i.e.,

o runaway electron) plasma ●nd, therefore, determines ●

tinimum peaking The C; = 600 caee carre+onds to ● ZT-

W1-iike adge plasma snd reeults in much higher heat fiux

mf;ing.

duae O? the maximum pesking fmctor - dculated ●s ●

mction of the plasma shift for the two values of f; ●nd are

rowrr irl Fig Z. Small plasma +#ts mad in small peakinS

r large w-II ●ngles, while Iwge shifts cause Iargc peeking ●t

nail well ●+s For s 6-nrm plasma shift the WSII peaking

ctor k ●xprcted te be batwoan 4 d 16, dapendmg upon

* favel of ●rwwmlous pardfef hant tronafxwt Smafl plasma

lifts, along with high dansity, low tsmperatur@, ●nd low

hges to reduce ●tattrom runavwys, mimmize the wsll haat

~x

16

12

8

4

0

I 7 i I r 1 I

P=2BMW
‘r.=wev

fa,aD=02 4

I I I L 1 1 1

0,00 0.02 0.04 0.06 0.08 0.10
NORMALIZED PLASM A SHIFT, A/r.

Figure 2. Maximum wall peaking factor versus plasma shift

for ZTH. .—. ..—

In ●ddition to demonstrating confirwrnent scaling, ZTH with

rnodiflcation mn ●ddress two other reactor-relevant Issues,

Liner ●nd shell modifications to ●now room for the ●ddttion
of toroidal field divertor coils ●nd ● diverter plate would

permit divertor operation which is essential to capitalize on

the potential for high power density (Sec. Ill) Secondly,

OFCD could be demonstrated with minimal wall Interaction

if tk saperatrix was fixed in space by ●pproprmte feedback

corotrof of divertor coils

Ill. STEADY-STATE DEVICES

The two Steady-atatt,, f) T-burning devices corwdered here

are tk FTF2 which is ● n ignition-class RFP, ●nd the TITAN

commercial raactor design s Both devices capitalize on the

high-power-density Cap=bdlty of the RFP to mimmizc the

si~e ●nd rmst. The FTF while smaller than ZTH (Table

1) has thrm times the haat fhr., ●t q, - 2.3Afll’/rnz. Tk

TITAN reactor has ●n evarr hi@er flux of 4.9 AfU’/ma More

tiailcd plrnsmarnodahng is mceuary to describe the ●nergy

●rid particle flows from these 3T plasmas, which at thtr

higher flux will reqwe considwabfy reduced ~akwrg factors

A. Plasms Trmwpwt Models. The RFP plasma geometry IS

●pproxi-ted by (s) ● cylindrical plasma core with ci~d
flux surfaces, ●nd (b) ● cylmdrtcal-annulus plasma edgr wlth

upen fwld hnas that intersect ● collector plate functtomng ●

enher ● fimiter or ● diwrtor plate Togethvr, ttw edg~ pla.mt

●nd the diwrtor plasma cornprIse the scrap-off Inyw (~Ot )

Because of the rapid parallel transport, the core-pi asms

transport reduces to ● purely radml problem Tk \C)l,

however, ISmfwwntly twmdmtermcrnal Bnce both radial ●nd



wailel transport determine the plate flux.

Iw coreplasma model RFPBURN”19 provides ● time-de-

mdent, t-fluid magnetohydrodynamic, radi-1 description

RFP transport based upon the formulation of Braginskii. 10

he temporal ●volution of ion ●nd ●lpha-panicle densities,

n ●nd efectron temperatures, ●d pofoidal ●nd toroidal

agnetic fields is modelled. Core plasma transport ●nd

diatiorr crucially ●ffect SOL conditions. The radiation

cdel in RFPBURN, ● well ●s the coupled 2-D edge-

● sma model (SOLAR) ●ssumes ● coronal equilibrium ●nd

specified constant impurity tkmsity. The transport rnodela

Isumes ● “soft” beta limit, wfwrein the losses ●djust to

mintain the poloidal beta, ~e, near ● critical value.

he SOLAR 50 L-plasma modei]s couples twwfluid, 1-D

ascriptions of radial transport in the edge ●r~d parallel-

rld transpcwt into ● divertor to provide ●n ●pproximation

~ the 2-D geometry of interest. Parallel transport is

wren by classical, colhsional processes with free streaming

nits on the energy flow ●nd ●lectric sheath boundary

x-rditions Particle ●nd thermal radial diffusivitles ●re given

}e fcrfkruvingconstant values: D = 1, I, = 0.2,●nd ~c =

mz/s, ● s inferred from tokamak divertor ●xperiments A 1-

radial neutral-atom transport description (S PUDNUT)l Z

~timates plasma,’first-wall recycling, gas-puff refueling ●nd

~arge exchange.

/hen the three 1-D plasma codes (core, radial edge,

tial edge) ●re coupled through continuity conditions, the

sultant Model provides ● self-consistent, timedependent,
Idial ●nd parallel profiles of the density, thermal energy ●nd

wir fluxes. The vacuum magnetics code, TO RSIDO, ln ts

d to ccmpute the magnettc topology in the equatorial

● ne frx use by the SOLAR code

. Results.

FTF Pofoidally symmetric pump hmiters were ●xamined

w FTF. Six limiters, prowdlng 15% wall coverage, mre

ssigned~ to achieve ● uniforn, surface hat flux of

ilf H’/ma. The tolerances ●ssociated with machm~ng the

bl limiter surface ●nd ●ligning the limiters, magnetic

tits ●nd pltisma, ●s wall ●s theunknowns ●ssociated with

~ge plasm transport make it unlikely that the goal of

AfE’/m= ~nif~m ~:t f!~~ ~~~!d & s~h~~.+ed In edd,tiQn,

wrt connection lengths, low edge/limiter recycle, ●nd the

cme proximity of the core plasma on clowd held lines

> the limiter make it difficult to obtain aufflciently low

mperatures to kmp Sputtering rttes at ●cceptable levels
he high ed8e dermty casocistcd wtth high-recycle dwertors

otentially raaolves thts issue

tcrroid~1crossaectionol view of ● divertor is glvm in Fig

The field iinee ●nd SOL plasma in s ckmed dwwtor

r- directed between ● rmrrow corwtrictmn m the vmcuum

hmnber walls and mtcr a lmr~e dtvertor chbmber phystcslly

~atecl from the cow plasma The diverted plosma is then

s 1 1

lFcoR(zq
OIVER’T~LD fDF)

I
con (4)

2

1

0 L-T- - -“i 1
,. 111, , m, i L~ A-1

11 II

o 1 2 3

x (m)

Figure 3. Magnetim geometry for toroidal-field dlvwtors
—.— —-—

energy loss, ●nd, therefore, degrades ●nergy confmentent

The RFP, then, permits large impurity fractions In the core

and edge plasma, ●nd ●ntrainment of impurities in the

diverter chamber, theref~e, is not necessary, the dtvertor

need only control impurities in the ccweplasm~

While ●n open dive, tor configuration does not entrwn

collected ( neut rahmd ) on ● collector plate located far from

both the core ●nd the edge plasm-s The neutrat portlcles

●re retained in the diverter chamber by a r!arrow throat ●t

the dlvertor entrance until ionized. Plasma impurttw$ ●re

hopefully held in the chamber by the force @f the plasma flow

The closed di\ertor, however, concentrated the heat flux

through poloidal ●ymrnet ries and flux surface compres~lon

such that no practical steady-state dewgn could be found for

the FTF conditions 2

The open divertor configuration shown in Fig 4 ●voids the

drawbacks of the closed dwertor by nmwng the collector

plate new the divetior throat In this configuration the

plate collects the heat ●nd particle fluxes where magnctlc

flux surfaces ●re ●xpanded, just prmr (m mmor radius) to

the onset of the Polordally-asymrnetric concentr~tlon of fwld

lines 1 he open divwtor georrwtry s1s0 ●llows room for ●

larger collectoc plate The FTF open-diverter plate heat

flux is lower than the closed dlvertor by ● factor of 60
1 the Plate flux u within ● fact~ of ‘fAt lr),7114t4’/m ,

the tmget heat flux, this final reduction w ●chmvsblr by

increawng radiation Iosaes

As ● result of the oft beta- llm!t ●sumptlon. to ftrst orrfw,

RF P plasma pwwweters ●nd the ●nergy confmcrnent mc

undf~cted by the ●dd}tlon of Impurltws to the plssrTm Thls

behmrior IS in marked contract to tokamakt m wh,ch \n\crt,ng

high Z lmpurltws mcreas.esboth the radlatton ●nd th~ total
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0.00 0.07 0.14
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Open divertor geometry in meters

impurities, it must physically i~ate the hot core plasma

from the coflector plate to protect both the plasma

from neutral ●tomu and s possibly uncontrolled source of

impurities, ● well ● to protect the plste from strong ●rosion

The minimum aepwation distance needed to isolate the

coflector plate from the c-e plasma is ●bout four rwutral-
● t[ n ionization mean-free-paths. Typical parameters for

the plasma in front of the FTF collector plate ●re T, --
W,X. -- 10rl’ ●nd n, -- 1021m ‘, which give a mean free
~~th nf (),2rnnl The F TF diverter design locates the plate

15mm from the core plasma, which is 18 mean free psths

This large margin is sufficient to protect the plate from

hot neutrsl-atoms which form by charge-exchange reactmrr

either with the high-energy tail of the Msxwelllsn SOL ion

distribution or with thecow-plasma mm

A precise recycling descriptmn, including ffow reversal,

requires ● 2-D neutral-atom transport model ●pplied to
the pafiiculw geometry ●nd plasma conditions of intcreot

T% +w-pia8rrw/pl*te recychng coefhciwrt was chosen 10

&acribe ● high-recychng “flow-reverd” regrows m which

in the prmence of ● net SOL ffow into the diverter, tome

pfmma returns from the dwertot to the ed~e plawna ●lent

field lines near the aepar~trlx

fbdiol edge-pfmrnn *nd snid e+pbma proftles for the

open divertor are pro. mted m FIg 5 Summenrmg ttw hey

pumteters fcx the open-dwertor design, pemk adge-plasma

density ●nd tamperaturm we n m 1.2 x 102’)m ‘, 7; ‘-

100rt’, and 7: - 250rl’, with * core ●nd adge plasma

r~dlatmrr frsctmn of ~~~,, - 0.R16 ●nd \#j,, () fJ25,

reapactw’ely Plasma density ●nd temperature rwar ●

tungstervcoated plate sr~ ●bout 1021m s ●nd 10 ●V, whwh

msuit m na~ilgtblc eroemn ●nd ● trwqxwted heat flux normal

l“’
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figure 5. Radial ●td axial sdge-plasma profdm for the open

dive,+or for FTF. ..

to tk plste cf only ●bout 1Afl!” ‘mz

Plarma density snd temperatures at the fmt wall ●re
~ow,,, 3 and IC1’, wtth ● negligible transported heat flux

●nd ● radtatio~l heat flux of ●bout 2hf II ;m’ Wall etosion

by plasma particles is negligible, wcmon by chmge-exchonCe

neutral ●toms, however, it 0.44mrrl/yr. Increawng the SOL

thtck-s from 30 to 40mm decroa~ the crcmon rate by

300/. Changas Whtch lower the uparat rlx temperature (c g

Iovwr he-t flux or htgher density) haw ● Iargcr dfect A htgh

Z coating on the first wall would •ltm!not~ ●r.mon cwrcerm

by rwung zputtermg ttweshulds

Ag eometry cal{ ulation detcrmmes the shap~ of ● plate ( Flu

4) Which ic located ●t some qwctfred •rrsl~ (8”) relatwc to

● freld line This 8“ ●ngle IS ●bout the small~st that allows

thaplate to %t wlthm the dwertcx chambm Ttw ckwgn WM

c~rred out on tha reboard de of the torus (htgtwst kat flux

●nd the wamrnum spare) Oetalls of the locator ●lscx,thrn

and ● charactertzatmn of the thermal hydtaultc Propmtws ts

pzawntad m %f 2
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C. TITAN. The TITAN Cornnwwcialresctor study similarly

~cfuded the need for ● open divertor ●nd a highly

“ radiating plasm to rnsximize the remctm -r density

●t ●cceptable heat fluxes The ●ctual design is similsr

to the FTF design. with s higher total radiotion fraction

(/RAD + 0.95) ●nd htgher pl~te heat fluxes (8-10 MW,’rn2)

resulting from the h@er ●verage surfsce hem flux

IV. S[-MMARY

Wall ~otection schemes f- ●xisting, pops, end

c.onceptud RFPs have hn reviewed The ZT-40M and the

Popoeed ZTH ●xperinwnts we short-pulsed, devices with

surface hmt fluxes that allow operatmn with limiters or wall

mmnor. The ZT-40M ●xperiment has runmv~y efectrons in

tfw dge plasma which cmry most of the energy ●id which

combine with ● snwll equilibrium shift to cause ●n atimeted

wall peaking f-ctor of 14. Such peaking infers ● radml

gradient scale length fcx p~r of only 0.2 mm Runaway

●lectrons cmnot be ●ll~d in high-power-density devices

like the FTF or TITAN, which will operste ●t hither &nsity

●nd l-r drift parameter The ZT-P device indicstes that

limiter operation does not protect the plasma m ● device with

high ●versge heat flux since impurity line radiation quenck

the dischsrge.

The resctcw studies exploit the compact, high-p~-density

tipabillty of RFPs to reduce size ●nd cost A tomidd-

field, hi~hly recycling ‘“open” dlvertcw fm RFPs prowdes

the optimsl “conventional”’ wall protectmn scherrw in that

it provides the rnaxlmum power ●nd p~rtlcle ,Jandhng

-psbilities A toroldal-freld divertcw rrmdif,es only the

munwity field thereby leaving the main conflmng fwld

unperturbed ●nd ●lso rmmmlzing magnet ohmtc power

consumption High recycle is neceuary to maximize the

edge density ●nd mmlmlre the ●dge temperature In order to

reduce physical sputtering An “open”” conf!gurstlon locates

the divertm plate near the fwld null to take ●dvantage of flux

●xpm-mon ●nd pohdal symrrwtri~ to mtnimlze pl-te ~sk

host fluxes

TheM rccerrt findingl of the importance of RFP dwertom
ftw hi~h flux systems, mcludmg reactors, has promptd rww

atudias of the potential for rrmdifying ZT-P ●nd ZTH to

~ccxnrno.rhte divertom within ●xistinr space hmrtatiom

Tlw ZT-P device mey d diver-ton to ●xtend the dmcharge

pulse kgth ●nd ~rm!t study of shell-less operatmn The

ZTH device cwld be used to derrmnstrate the fem&llty ●nd

to study RFP divertom ● till ●s to date the plasma from

th frret WOII during OF CD •~permwnts
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