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ABSTRACT

Low beta reactor system studies have shown that, criteria

necessitated by the physic? lead to difficult engineering

problems. The low power density p:oduced in these systems also

results in large reactors and makes the question of economic

viability a serious one. It is clee.r that if higher pressure

plasmas can be confined and operated, many of these problem

could»be alleviated. The incentives for high plasma density

as a means of achieving ..higher pressures are discussed. The

possible methods of achieving high density are outlined with

particular attention to the high beta approaches. The require-

ments which'are imposed on th^ reactor by using the flux--coassrving

tokaiiiak concept are described.

The characteristics of a pre-demonstration fusion device

which can test the necessary aspects of such a system 'are developed.

The plasma size required to attain ignition is found to bo relatively

small provided other criteria can be satisfied. These criteria ere

described end the technology developments and operating procedures

required by them are given. The dynamic behavior and parumcA-Q'^;

of the reference system during the operating cycle are also

outlined.
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|; • INTRODUCTION

\ The power density produced in a reactor plasma depends on the

I a.

' density and temperature of the fuel ions burned. In the c4ise of a

deuterium-tritium fueled system, this quantity Js given by H Q l'«T<av>Qc.

Tokamak reactors will have to operate under ignition conditions to

attain economic viability. This requirement imposes parametric

' constraints on the containment system since ignition depends on

; density, temperature, and energy confinement time. The energy con-

finement time in turn depends on ether variables, but at present
q

•' this dependence is n£t known. There are indications, however, that

confinement time will scale favorably with an increase in density.

This result is suggested both by experiments and by theoretical

i • analyses. Thus from several points of view there are incentives

• to operate the reactor plasma at high density.

i Several approaches for achieving high density are envisioned.

I A method which requires a moderate magnetic field (or high beta) is

! desirable for economic reasons. This may bt possible using the

: concept of a flux-conserving tokamak. ' Koncircular plasmas may
1 offer a means to high density. ' Finally, high magnetic fields.

i (or low beta) may be necessary. ' In this paper a reference system

f which includes a moderate magnetic field, a moderately elongated

\ plasma, and high beta will be developed. Since the operating temp-

I erature of the plasma will be in the rango of reactor interest, i.e.,
j

^ 1 0 — 15 keV, high beta implies high density and vice versa in this
t; , discussion.
t
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High beta (density) imposes constraints on the design and operation

of the system. For example, stable-high beta plasma equilibria must .'•.<••'

be established* High power density means that the first wall will bo
2

subjected to high neutron fluxes (> 1 MW/m ) as well as a high thermal

A.

flux. The breakdown and current rise phases of start-up may require

high voltages when increased filling pressures are used. Supplemental

heating using neutral beams may be difficult due to the beam energies |

required to achieve adequate beam particle penetration. Finally, impuriC! \,>r j

ty and burn product effects in a dense plasma must be eaamined. In some j

cases technological developments may be needed to meet design criteria ]

while in other cases it may be possible to develop operating poocedures I

which provide the desired solutions. Specific features of this type !

are discussed below.
. I

II. SYSTEM MODELING j
1

There are many ways to simulate the detailed energy balance processes j

in a tokamak. In the present work the same model used previously in I

the ORNLExperiment! Power Reactor Design Study ' has been adopted, j

and the impact of high density has been assessed. The tinwdependont • jj

model includes dwteriufl, trttittm, alpha, clcetrcr,i-mifl iir.purity-

f-ucion and liuaLinj, uul

r-adiation

fseudoclassical, neoclassical > and dissipativo trapped particle mode

scaling laws^are-included. Conduction end convpetiori'times are functions

of plasma coll isionali ty.



•Impurities, affect-plasma -snort, el ics -throyijh thr* creation of-a-fuol-

.ion-defect and-by-increasing Z--:.:; and enhancing radiation-"

The sources of high-Z -(iron) and low-2 (carbon) impurities ere•-tuewy-i.

to ..sputtering of the wall hy-duuterons, tri tons, .alphas,-and impuni-

ties as well at by-charge-exchange neutrals and neutrons• produced•irr

•the plasma;'

Figure 1 shows the plasma radius required for ignition as a
20 -3function of temperature. The density is 2 x 10' m *, the plasma

e§ui!gation (height to width ratio) is 1.6, and the axis magnetic

' field,ro-three cases?.i& shown. The minimum size for ignition occurs

at about T = 13 keV. Below this temperature, the fh required for

ignition increases sharply and an increase in size is necessary to
7 11/2

attain it. Above 13 keV,. trapped ton made transport (lit « p T 4<t/t)

dominates the scaling and an increase in plasma size again is required.

The neutron wall loadings associated hith varioir; operating tempero-
20 -3tures are also given. Note that at H ~ 2 x 10 i.i , T = 13 fceV, and

o
Bj = 4.b T, the wall loading exceeds 3 l-'.W/in*, and the plasma radius

necessary for ignition i«> 3.25 m. With a field strength of 6.5 T, the

size requieed is reduced to % 1 K>: m and the wall loading is a. 2.5 V&i/m

J I 1. _ | j



of dmisity. In UiftRi! <,t.«-;. T • 13 l.t'V. A«. lw.t-r

the col l iuuMWilHy of the piauit.1 is • tids Ht.it Isiinvjurl r.. cfo^hi..*?»«f

by the trapped ion iac*<!e vrhich requires an iiscrsMsetJ j»l.".*-tut *;ii:c. As

densi ty is increased the s i ze required for iysulion dircrt-.ises, s i nee

the impact of Ihc ti'appt'rt ion t.:0s)t.' bect^atr. lcs.% |»roiKmnctvd.

«:Hi c f

*

There is no quantitative answer to ths; question of wSifit maximum

density is acceptable. Also, theoretical worSt*"*' sug«jt^ts that
d t» 20% dr higher r&sy ba Attainable, lor this analysis «m t»pe?-stiug

j»0 _3
density of about ? x JO" m i% assuss&d. This results in 2 f.'t 14£

JSt 13 keV, a vail loading loss than 4 !-B*/aTt .nmf an ignilkm size

of 1.25 m. Table ) siRrnarixes the reference system psran&ters

computed froaj a time-dependent, self-consistent simulation modfl.

1.0
••• - 8 • - • .
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i n . ci'i.K'ATiiit; {;o;«)iTioiis7.:{u DYNAMICS-

The operating jwraiiietei's .'.hv;wn in Table 1 repeosent steady

stale condilins. Since the stiodel used includes the trapped ior;
? -11/?mode uhrru Ktv " fr" T , the temperature increases to the point

where the energy lo:*s rate equals the heating rate due to t

nuclt^r ijlpho particles and fi steady state is achieved. Figure Z

$ shoy. f'c-vs T for three different values of mstjnetic fields.

The sy:itt:« size is that given in the table and l^y = 1/t As the

tempera H/re incrdases, Htgis dominated first be pseucioclessic?.}>

then by trapped electron mods, and finally by trapped ion mode

diffusion losses, ' Ih^ required for ignition is also shown.

I ibTiSlurc.. I If! I'.

_ i™«^ r^.m . ,. fr~-~f; - -£

,HC.Uf'.r 3. KJ i . f ; , i i \ d for i t j i i i ium snd

Wirlk.-i of t«r.,i.!,-:turi- .-ii.: VillioilS f ie ld

For exwiple.vsha v.'hen B.. « ^.3 T ignition is attained at 10 IceV, a

theniktl excursion occurs afecr itjin'tion since P(alpha) exceeds

and steady state conditions are reached at -v- 15 keVi/i .e,, N-

HTJ. ^ 4 - O ^ , There is a miniim.ia f ie ld for this size device which can

provide ignition. I t is about 4.0 T and results in an NT (operation)

EMKKJJ



curve which is tange*ii;i to the Ik (ignition) curve. Hole tluu U\y\s

y
would occur at about 13 koV and 2 x 10 in which in turn implies a

fusion power output of 1200 liW. This is aiyimportant pqint since it

means -that (assuming this scaling u!odo)..the minimum power output

associated with an ignited device of this s*ie is greater than 1000

MW. A heat removal capability compatible with this power level would

have to be installed in such a device.

'The system could be operated at a higher field. In the G.O T

case, ignition occurs at 7 keV, but the thennal excursion persists

to a temperature greater than 20 keV. This is the result of improved

confinement at the higher field. Under these conditions the system
?0 -3could achieve ignition at a density less than ?. x 10 m . The

power produced is proportional to H so that ignition conditions o£ 'KL.

..'}•" y would be compatible with'a power output less than 500 MW. Thisj of

course, represents a low beta oysSemj\and is less attractive cconomedally.

Alternatively, a smaller size system could be used to achieve ignition

under high field conditions. Figure sis 1 showed that a i m plasma

radius may be sufficient;'- In this case the power output would be
Of) _"3

530 MM when N » 2 x 10 m and Ti « 12 keV.

The ignition calculations above assumed a pure (Zr[-P = 1) plasma.

When impurities are included, both the ignition requirement and the
c

system operating characteristics phancje. Figure 4 shows this for the

reference (Table 1) system. irdm\ Iron is assumed to be the impuuity.

Due to enhanced radiation losses, ignition aannot be achieved above

Zrpp^'1.5. This establishes the impurity control criteria which

w>ll have to be met during th? burn cycle of the devva. Note also

-{see-Fig.-A)- that in the second trapped electron mode I!T «-' 1/^rrr and

in the trapped ion mode Nx <* Zj-j-r so that thd confinement characteristics sr\

V A • V*-,*''-'.̂  '-I



cross over after the transition into the trapped ion mode.
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n.fi.'''!.<.Lj?.' J<<T i p f i i i i n r i f o r • i g n i t i o n and " ...
system lit operat ing clieiv.cU r i s t i c i as a '. '
function of tWiijun-iituro and various "iiKpuritv
(iron) levels. • . . : '

The dasired reactor plasma performance can be attainedsut BT ~ 4.3 T,

N = 2 x 10^u m 4 ^ - 13 keV prpvided that a plasma,'.beta of atJout 0.15

can be stably confined. The equilibria of such plesmas are discussed

in the next section.

IV. HMD EQUILIBRIUM AND STABILITY

The value of beta in a stable toroidal pleama is influenced by

the plasma cross sectional shape,' * « safety factor profile and toroidal
c.

current profile. The conventional approach to and results of KKD

equilibria are discussed first and compared to those of the high beta

flux-conserving tokemak (FCT) equilibii'ii-a. *1>5'

Under the assumptions of large aspect s M o and nearly/.concentr-ic-

flux surfaces, it has been shown that . t = A is an upper limit-in.

•-an-upper-linriMn an axi symmetric equilibria.^' ' ' If g exceeds



/ly'j\jj5olcidal field soparatrix would intersect the plasma bowulary.

for nearlyconcentric- flux surfaces, the local values of poloidal field

strength can be used to relate q., A, (i and ft as follows,

Thfis^then implies that beta is limited to l/quA, which using typical

values for q and /^yields 3 <v 1 - 5%.

It has been shown numerically that when these assumptions are not
., y i ( \

made, '̂"'y/V" equilibria^can exist in an idea], circular iJi&iy:; shell.

These equilibria i/ere computed in the usual way, i.e.» the pressure

£}>a function, p(y)» and the toroidal dipmagnetisn function, lr('4'')» were

chosen arbitrarily so that reasonable, bell-shaped toroidal current

distributions resulted^-u-u v. p? »»•.*<A"v\

«•)'

r
The high beta profiles obtained in this way;,typically include

ff reversed currents/,at small values of R, that is en the inside of the
'.•v;'./---'W'>'.''*-i o. ji

plasma cross section. Also^.to prevent q < 1« at the plsma ceriter-to-:'••'-'* l'

satisfy, local (Mercier ) stability criteria^as ft is increased.it is

necessary to increase q at the plasma boundary. This is accomplished

by increasing B , or decreasing the total plasma current. Because of this,

as p is increased, (Hf first increases but ultimately decreases. Figure 5

shows this behavior for'optimized.'equnibriaj/witii D-shapec! cross section::',,
The maximum £(2.5 - 5.6?) depends on the shape*of the current profile..,.

In the same beta optimization calculations^ j it was found that;

esscmed. but' occurs at p..
> . !

)

there is a limit to increasing beta by elongating the plasma. As the

elongation is increased, successively more peaked current profiles are
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A*.

required to satisfy local stability criteria. The increase >,on beta

obtained from the slifht noncircularity is WK nullified as the cureenT

profile becomes more peaked. The pealced profile enhances the importance

of the plasma center where the flux surfaces ̂ remain approximately

kconcentric/yln* the highly elongated cases the peripheral regions of

the plasma are found to contribute little to the average beta. A moderate

elongaton of ̂  1.6^.provide^' the maximum benefit with respect to beta

within the assumptions used here.V*Next the concept of flux-Gonservafion and its impact on attaining

high beta equilibria will be outlined. As described above, high be'lfa

equilibria $%%l calculations conventionally have used relatively arbitrary

profiles forJM;') end r{4'). When heating leads to a pressure excursion

on a time scnle -which is short compared to the magnetic diffusion time,

the toroidal and poloidal fluxes are frozen into the plasma. Th"e £('-••')

and F('.;J) functions wiiich describe FCT equilibria a re,? not arbitrary.

Rather }*(.[•') is determined by the heating and transport processes and

F('-j') by the requirement that flux be conserved. -Also.: sir.ee-,

the q profile established at low beta will persist during the pressure .£•;

>exc'«o'sion due to flux conservation. The beta limitations observed in

r £ Fig. 5 due to the necessity to increase q{1ijpiter) to prevent q < 1

at the plasma center should no longer occur. Numerical procedures have
# r « (X-'}'

been developed^0' to preserve q('j') and 'P(^) is increased.

A typical FCT equilibri^sequence where q(0) = 1, q(a) = 4.8,

f-Jo and 3 <_0J.8iV% is showis in Fig. 6. In these equi7ibril"xBxxi i t is not
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necessary to decrease the total pl.iMiM uinvnt or in'-* <..',•,,• I5, to

maintain 'local stability as p is increased. 'Ihus, L unlit.t.- the

conventional hggh beta equilibria, tlio FCF ;>P:;roach pemils p, to

increase iiionolonioally with p .

The FCT equilibria configurations do not show -elvers."*} curro-its',

j however, the total plasma current Cons increasi;. It lid"-, been estiruU-J

analytically* ' that ihe total plasma current scales as j» . This has

been observed numerically* ' as we'll. The increased pirrent in a liicjh

beta FCT equilibrium is produced by diaimujnetic effects <;nc! does not

have to be driven by the olwic system primary, llov/ever, lj!;e,"poloidfil

field system must be designed specifically to accoraiodate the :'i'.\A$' ,

changes in the plasma current distribution and imigivitudo:' A low ;

••i

impedence poloidal coil configuration which can provide the needed

current wave forms during the FCT pulse is required,

Only local stability criterifl-.satisried by q(0) ^ 1 have been

:.'.L high beta plasmas can
'•-'•' ̂ ';''i (U,) ' (16)

«.- \\> operate stably from the belt-pinch*"' and SP1CA. ' There is, KKK)!;

nonetheless, considerable effort required to resolve the nonlocal and

yt' questions associated with FCT equilibria I'liismore general stabiliyt1 questions associated with FCT equilibrif. liiis

work is under way.
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The hi«;h bali> f*uui"!ibria tf..v.p«t'cd in the previous section were

obtained using n fixed boundary i!riD code. In thas Hwcbl the eddy

currents induced in tho shell which surrounds the pi<::>n;a responds t<s

/, the plit!,i!tf,hK>lion-. The ctkly currents provide the proper equilibrium

shapiny fit-Id, Ct-nccl ilie polciiial field which otherwise would exist

idt* oT the shell, and have a sur, equal to the pitir.nta current \wi"

flow in the oppoistc direction. ". The i.hc-11 can be replaced by <i
\

set of discrete coils in the vicinity of the plasma which produce the

ideal equilibria^ field pattern. /The-currents-in-the-coils-will-be

inductively driven-by changes-in tftr-plasma, will-product the proper

lilibriuiii-fields* will cancel the flux (due to the plasma current)

•amp-turn toJnl equal -ajubwpos-i te io-ihat of- the plasma current-. /The

shape of the current induced in th? shell on eitehr side of the "tip"

of the D-shciped plasss3 remains unchnnged for large chanties in 3.and

I . Thus, the coils on either side of the tip can bo located* ' to

carry equal currents which reduces the number of power supplies end

the degree of control required. -Finally-., the coils must be placed

a finite distance from the plesi;;.i boundary -and it is found that a

divertor-like j.air of coils must be located near the tips of the D

to reproduce the proper field pattern.* ' Such a poloidal field

system retains the features of the -STATIC system* ' ' but in addition

it is compatible with the equilibrium requirements of the. rapid changes

of the- D-shaped plasma during hcatincj.

The divertor-like coils described above carry currents which flow

in the same direction a? the plasma current. The separatrix formed

as a result of this con be shifted to the edge of the plasma by making
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modost changes in the poloidal field system. This divertor

configuration is "natural" for D-shapcd plasmas. The coil locations

in this case are determined as described above except that the shell

used is D-shaped and has a sharp tip similar to_ the geometry of

a separatrix.. The resulting coil system is shown in Fig. 7. Using

these coil locations, typical FCT equilibriium ({3 - 0.15) which includes

the natural divertor has been computed using the free boundary MUD

code and also is shown in Fig. 7. The current required in a divertor

coil is 1.54 I compared to 1.14 I for an equivalent equilibrium

without the natural divertor feature. The current level is small
•f. •.

compared to conventional divertcr coil requirements. Since the coils

in this system^maintain the equilibrium and the separatrix configuration,

the location of the separatrix is fixed when the plasma is centered.

The difficulty of controlling the separatrix location shstRfc!- should

be minimized.'

Finally, the current wave, forms in the coils during the pulse

are of interest. The pulse is composed of start-up, ohmic healing,

FCT heating, ignition excursion, burn, and shutdown phases. Start-up

(0 < t £ 1 s) is defined as the time required for breakdown and for

the plasma current to reach about 0.5 MA. During the ohmic heating

phase (1 s _* t < 2 s) the plasma current raises to its final value

and a low beta discharge is established. The FCT heating phase

(2 s jft ± 6 s) is whan rapid beam heating occurs and the equilibrium

evolves in a way dictated by flux conservation. Ignition occurs and

a thermal excursion follows until the burn phase is established (10 s «

t ± 30 s). Finally, the shutdown-phase (30 s ± t <•_ 40 s) is entered

and results in termination of the discharge. Figure 8 shows the



current time histories in the plasma and the equilibrium field and

blimic coil systems which are required to maintain trte-FCT> equilibrium

during the cycle. The average beta which is also consistent with the

cycle for the pre-demonstration device (cf. Table 1) is also shown

as a function of time. This typical case does not include a natural

divertor. Table 2 summarizes the results.

Table 2 '

MI

1.8

5.7

11.7

14.7

3axis(%)

2.7

6.4

17,3

33.6

41.2

PARAMETERS
•—•
3 {%)•• I

0.5

L I

2.6

4.0

4.4

FOR PDFD REFERENCE

- X I E r . D (HA)

4.1

4.2

4.8

5.7

6.1

CYCLE

IE[r_6{MA)

2.43

2.68

3,60

5.02

5.75

J E F - I ( H A )

1.94

1.85

1.54

1.06

0.82

The conclusion of these analyses is that the high density desired'

may well be accessible at moderate magnetic field strengths (high beta)

by operating in the flux-conserving mode. The poloidal field system

required to permit such operation is reasonable and, in fact, may

faciliate impurity control as a result of its natural divertor

configuration.

VI. PLASMA START-UP

The gas breakdwon and current rise phase in a large tokamak will

establish certain design criteria for the system. The parameters of

special interest are voltage and.current wave forms, maximum filling

pressure and plasma density, volt-second consumptions, tolerable impurity

level and line radiation, wall interactions, and runaway electron "flux.
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Innovative start-up schemes may be required for large lokamaks (R %

5 meters) because high density operation may need extremely large

voltages to ionize the gas; high nm&vwy electron fluxes may occur;

. and large tokamaks are very sensitive to impurities.

Previous research in this area' ' has been concerned with

both gas discharge physics, and atomic and molecular physical processes.

The model used in this analysis includes these processes as well as

wall interactions,, runaway electrons, and tima-dependent impurities.

These are incorporated into a set of coupled rate equations. The

equations are used to compute the time-dependent average values of

the density and temperature of electrons, H,, !i>9 H°, W°, the non-

equilibrium ionization states of oxygen, plasma current from a circuit

equation, and the runaway electron flux.

The model has been -applied to the PDFD reference design (cF. Table

1). For an applied voltage of 50V/turn, which is typical of present

tokamaks, and an initial H? density of. 0.2 x 10 m which is five

times less than is desirable for high density operation, the density,

temperature, and plasma current stagnate at low levels. This indicates

that much higher voltages are required in larger tokamaks to achieve

start-up, even at relatively low filling pressures. With N 2 0.
= 1.0 x

Of) O

10 m and 450 V/turn, the plasma is fully ionized after 14 msec.

However, even a small amount of impurities would cause line radiation

at these very high densities so the plasma must be kept extremely

pure.

The ionization and plasma current inifi-ai-^n in large tokamaks

requires very large applied voltages and low impurity levels. Runaway

electron creation .nay be an important effect. Research is required on

small radius and low density start-up methods.
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VII. PLASMA HEATING

The fundamental aspects of neutral beam heating during the plasma

start-up are discussed in this section. The supplemental heating power

level necessary to achieve ignition in the reference system in about !

6 s is found'to be 75 MW. This calculation is based on energy balance '

considerations using the final density (̂  2 x 10 rrf ) and does not

include the problems of beam penetration into a dense plasma. High

density and high impurity content make penetration into a large plasma

increasingly difficult. Beam focusing, perpendicular injection, anJl

-' high beam energies may be necessary to overcome the penetration problem.

Small radius start-up and low density start-up may provide other means

to solve the problem. Here the concept of low density start-up, which
too 23) I

has previously been suggested* "' 'is outlined. i

Beam deposition can be characterized by the function H(f) whicU . ' j.

was first introduced by Rome et al. T' H(r) is a geometric measure . j

of the deposited fast ion number density profile which results from j

injection. It is desirable to have the beam deposition peaked in thi?... !
I

central region of the plasma for maximum heating efficiency. In j
these calculations a deuteron beam, 30 cm in diameter, is assumed I

I
to be injected into a Zj-Fp - 1 plasma. f

Figure 9 shows the deposition profiles for several different beam |

energies. In these cases injection is nearly perpendicular (16° from j

perpendicular to prevent ripple trapping of the fast ions), and the . [
Of) O ">

density profile is assumed to be K = 3 x 10 (1 - (r/a) )m~ . Adequate

penetration can be achieved in this way if a beam energy of ^ 250 keV

can be made available. Impurity effects dictate an every higher energy. I
I

High density and temperature are required at the ignition point
where the beams are no longer needed to sustain the plasma energetically.
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It may be possible to establish the temperature conditions at low

density, increase the fueling rale to build up the necessary density

while continuing injection, and tolerate the less favorable injection

profiles which will occur near the end of the heating power. Figure

10 shows H(r) for 150 keV tangential injection into average densities
19 -3of 7.5, 10, and 20 x 10 m . The injection deposition profile is

favorably peaked when H ~ 7.5 x 10 cm"3, is relatively flat for

N = 1 x 10 2 0 m"3and becomes peaked at r/a = 0.75 when N = 2 x 10 2 0 rn"3.
on o

Therefore, heating efficiency will decrease when N > 1 x 10 m ,

but if this part of the heating cycle occurs over a time on the order

of an energy confinement time, theless efficient heating process may

well be tolerable.

!-• 'ii
. . . . .

T J i O - Neutral injection fast ion
: "cTeposTtfon profiles for various injection
| energies (|>ori>enflicular injection).

" T —y—] ,

j• riGUj?C )0. Kcwti'iil iujc-ctiwi feist ion
i'd'cjibsition picnic:, tor vnriou:. plii:;nu
i-densities (lanyentiul injection).
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Figures 11 and 12 iJ\o\-i the time-dependent density and power

histories during heating. Ini t ia l ly N = 7.5 x 10 in" , T = 100 eV,

and P. = 75 I-5W. At t = 2 s, T. = 12 keV; and the fueling rate
beam i

is increased to begin the density buildup phase. The plasma ignites

and beam injection is terminated after t = 4.4 s. Density buildup

occurs over a period of 2.4 s, and the average energy confinement

time during this phase is T £ % 1.5 s. Energetically this scenario

is feasible since 75 MW is sufficient to heat the plasma to ignition

at full density.
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In fact, more- detailed studics of 1 ho low-dcnvi Ly ispprnoch

using a coupled beam deposition-s'paUally dependent transport

calculation are necessary to optimize the start-up procedure. Also,

as the flux surfaces shift when high beta is attained, beam penetration

should improve.

VIII. CONCLUSIONS

There are incentives for high density operation, in a tokarcak

reactor. Several features of a PDFD which will demonstrate the

feasibility of attaining such operation in a flux-conserving tokamak

were described. Other key aspects such as fueling, impurity control

and the effects of magnetic field ripple were not included here.

Suitable high beta equilibria were found and a poloidal field system

design compatible with the equilibria was developed. The natural

divertor configuration inherent in the system led to including a

poloidal divertor in the PDFD. The start-up analyses showed that

further innovations are required unless \iery large voltages are applied

to achieve breakdown and to establish the plasma current. Neutral

beam energies of ̂ 300 keV were found to be necessary when the

plasma is heated under full bore and full density conditions. -A low

density start-up procedure was outlined which, if feasible, suggests

that beams with energies similar to those being developed for TFTR

may be adequate to achieve ignition in the PDFD. Successful operation

of a PDFD of this type will lead to high power density, high beta

fusion reactors of reduced physical size. These features, in turn,

enhance the possibility of attaining economic viability in the tokamak.
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