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PROSPECTS FOR FUSION APPLICATIONS OF REVERSED-FIELD PINCHES"

C. G. Bathke, R. A. Krakowski, and R. L. Hngenaon..
Los Alamos National Laboratory, Los Alamoa, NM 87545

Abstract: The applicabilicty of the Reversed-Field
?inch iRF?) as a source of fusion neutrons for use in
developing key furion nuclear technologies is examined.
This Fusion Test Pacility (FTF) would emphasize high

neutron wall loading, small plasma volume. 12w fusion
and driver powers, and steady-state cperation. Both
parametric tradeoffs based on present-day physi-s
understanding and a conceptual design based on an
~ 1=MW/m? (neutron) driven operation are reported.
Introduction
The toroidsl, axisymmetric Reversed-Field Pinch

(RFP) confinem high-beta plasma in a configuration with
strong ohmic heating and low-field coils. On the baeis
of good aexperimental results! and promising reactor
projections, 3 g multi-sega-anpere device, ZT-H, has
been proposed.® Intermediate betwaen the 2T-H
(r_ » O,é—m plasma radius, I, = 4-MA toroidal plasna
cutrent) and the conpng: reactor eabodimants
(r, = 0./1 u, I, = ]18.4 MA) are a nuaber of RFP devices
thhi: can serve technology [Fueion Technology Facility
(PTF)®, I, » 7-8 MA], DT-i1gnition (I, = R-10 MA), and
rclctor—dz-onltrlclon (I, > 15 MA) fufictions. In order
to define better key steps in the RFP development path
and in weupport of a broader assessment of fusion
technology,” conceptual design studies of an RFP device
with TFTF~like qu111t1-l5 are being conducted. The
RFF/FIF would be a high—current extension of 2T-H,“
utilizing current drive and active impurity/ash
control. Guided by wsysteas studies, a conceptual
desigr of the RFP/PTF ias performed using coupled models

for a) ohmic~heating and equilib-{um—field coils; b)
time-dependent plasma/circuit eimulations using
experimantal acalings; ¢) oscillating-field (F-6
puaping) current~drive sioulations; d) edge=plasma
simulation and first-wall thermal-mechanical/
thermal-cheaical analyses; and e) magnetic-divertor
{mpurity control, An RFP/PTF design and requirad

physics/technology database
are described.

regulting from this study

Revereed=Field Pinch Concep*

The primsary confining field, B,. in an RFP {s
poloidal and is generated by a :oro?dll plasma current,
I.. The RFP plasma supporte & toroidal biae fleld, B, ,
tg stabflize sausage (m = 0) and elliptical (ma = !)
distortions. Grossly unstable MHD wmodes with
vavalengths longer than the wainor radiue of an
electrically conducting shell are otabilized by the
shell on a short time scale and by feedback coils for

longer times. 1f the toroidal bias fleld 1e alightly
reversed near the plasma edge, tne resulting magnetic
shear in the plassa—edge region is sufficient to
stabilize local pressure~driven and current-driven
inetabilities. This stabllization occure at relativaly
high values of the normalised plasma pressure,

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

The key descriptive parsmeters {in the minimum-
snergy RPP theory® are the pinch paraueter, 6, and the
reversal parameter, F, which are dafined e
6= B(r )/<B,> and P = B (r_ )/<B,>, whare <3,> 19 the
averajge p:oro'dal field '1:R1n 'ho loro-tcapornturc
plasma radius, r_, which {8 aleo taken here as the
conducting shell. pThn locus of minimum—energy states,
as described 1in an P-0 nhase apace confirved by

*Work pnrlornua under the auspicas of US Department cf
Energy
*¢Phillipe Petroleum Co., Bartlesville, OK

shows the
space
purposes

@xperimental P-6 traces,
within a region of F-6

1.2 ¢ 6<C1.6. For the

plasma residing
wvhere P <O and
of ignition/burn,

‘lPP/FTF.s and reactor?¥ studies, the F~€ constraint 1s

eaforced both during starcup and burn.

Evidence for nearly classical reeistivity in RFP
plasmas .xi.t|,7 giving a oetrong indication of an
efficient plasma dynaso to maintain the RFP fileld
coru(iguration. Urlike the tokamsk, a close electrical
coupling existe between the poloidal and toroidal
circuits through the RFP plasana. This coupling also
provides in principle a means to drive toroidal currenc
noninductively?,8 at low frequency (350 Hx for the
reactor?). Preliminary experimeantal evidence 1In
support of these ideas Trecently was roported.1 Th's
oscillating-field (PF-6 pumping) current drive serves as
the basis for a steady-state RFFP/FTF design reported
herein.

A potential problem of enhanced plasma transport
caused by the RFP dynamo remains. Generally, the
fi{eld-line bresking and reconnecting that may be at the
base of the RFP dynamo® 1s expected to reduce energy
confinement within intemrmal regione of the plasma. An
empirical expression for the @ecaling of global
confinement time from small, ohmizally heated
experiments (s used. “pec!”ica’'y, t e com"‘na‘on A€
pressure balance [T « BBI (I,/N)], plasma-energy
balance (nT/1_ = nj?), and Clllilc 1 resistivity (n =
1/13/2) grcd cts ?hlt T/ 7 4 53’2(1 /N)3/21, 33 op
ntg = 15/2, The RFP plasma bbrn stmulatlons utidize an
Onplri:zl scaling of the form, 1./rd = C IVf(Bg): The
parametars C and v have becn cnl?brgtnd :1 h existing
experimental rnultl,l although direct experimentsl
evidence for the rﬁ and f, wscaling reasins to be
generated,

In summary, a ostrong experimental dacabase s
evolving from a nuaber of suall RFP devices. This
detabase has provided the foundation for the next
aa jor, mega-ampere RFPs grclcncly under consideration
by the US? and EEC.!" T!is dacabase is summarized
below,

® robust dynamo initiation and mustainment

® alow current after

formation

ramp low-energy RFP

® constant-betsa scaling (nk,T = Ii)

® temperature increases with current

® current density eufficient for strong ohmic
heating

e confinement time {ncreanes with current
(vg = Iy, v = 1.0-1.3)

® dynamo coupling of poloidal and toroidal
circuites to wsugguet low-technology current
drive



Parametric Design

Design Models

Plasma Model. An optimum RFP/FTF design generally
establishes a ceiling on total capital (core size,
support power) and operating (support power, fuel
requirements) costs for a system that maximizes neutron
first-wall loading, device availability, and
experimental volume (and first-wall area) and minimizes
plasaa volume and total fusion power. Since the means
and constraints by which to ontimize the RFP/FIF are
not well established, the reactor equations described
in Appendix A of Ref 2 were first solved parametrically
in steady state simply to establish the main physics
paraseters for small RFPs. 4 simplified model of the
c£oils was used to obtain an initial estimate of core
mass, power consumption, amd possible startup senarios;
detailed circuit and magnet analyses were ‘“hen
performed on the basis of design points suggestei by
these steady-state analyses,

A driven, saall RFP operating with both high
particle density and current density was judged as most
appropriate for the FTF application. A DT-ignited RFP
generally would generate fusion powers above the
Pp = 100~MW upper limit for an FTF", although the exact
I;nlt depends on the plasma beta and transport scaling
assuned. The average first-wall heat flux, I, , the
ohmic power delivered to the plasma, PQ , and thé ohmic
power consumed by the coil set, P e wgre monitored in
steady state along with the neutron first-wall loading,
1,» and the total fusjon power, PF' for a given plasma
beta. Although Z .., plzsms aspect ratio, A = Rp/T,
the transport scaling parameter, v, the pingh
parameter, ©, and the anomalous ion heating were
varied, the basecase selecter Z. £ " 1, A=6,
v = 1.0-1.25, F = -0.1 {corresponding & éetcrmined from
plasma equilibrium and a sodified Taylor theory for a
given beta), and no anomalous ion heating. Both F~-@
pumping current drive and active {mpurity control
(either poloidal pumped 1limiters? or toroidal-field
nagnetic divertors) were investigated.

Zen=1.0, form=0.0, A=8.00,v=1.28,8,= 0.1,
6=1.80, fg=1

Results from the steady-state plasma simulations

are displayed on plots of plasma current versus plasme
minor radius where either 1, , Iw, Pp, or Py, were held
fixed. Figure ! 111ustrate3wa design plot ?gr basecase
parameters with v = 1,25 and By = 0.06 or 0.10. Given
the constraints of I, 1 MW m?, Pp € 100 MW, and
In, € 5 Mi/m2, a design "window" ls defined in Fig. 1.
On the basis of present experimentsi (I, ¢ 0.5 MA
r, = 0.15-0.2 m) and projected near-term egperimen:sj
(1, = 2-4 MA, r_ = 0.3-0.4 m), 1t was judged that

14 ® 7=8 MA and’ r_ = 03.3-0.4 m represents a region of
rgasonnble extrnpolgtion from the next generation RFPs.
A representative design point is also indicated on
Fig. 1 for more detailed exploration of the Ff, = 0,!
case. This I = 1-MW/m? design 1s uot ignited lgthough
increasing the current from the I, =« 7,6 MA vaire to
> 9 MA would give I, = 4-5 HU/m, and DT d{gnition.

Before preliminary " engineering parameters for the
RFP/FTF design point can be tabulated, however, an
estimate of the steady-state power consumption 1in and

size of the confining poloidal~field coils (PFCs) and
toroicdal-field coils (TPCs) is needed.

Magnet Model. Reduced to the simplesest terms, the
RFP converts large currents in external poloidal-f4eld
coils, I, , to nearly equally large currents, I,, in a
toroidal plasma. This plasma current both ~onfines and
heats the high-f DT plasma. Rather than minimizing the

cost of energy, as {s done for a power reactor
design,2s* the RFP/FTF would waximize I while
minimizing the powcr delivered to the coils and plasma

as vell ag total plasms size, fusion power, and tritium
requirement, On the basis of the designs suggested on
Fig. 1, the RFP/FTF design task then becomes one of
current and power management in & ZT-40M/ZT=-H class of
devices.

A simplified model is used to estimate the mass of

and power dissipated in the coils. A more detailed
circuit and plasma ecuilibrium analyses is then
performed to give better estimates of startup

scenarios, coil stresses, and volt-second requirements.
Past analyses using this simplified approach, which

Zo11=1.0, foum=0.0, A=6.00,v21.26,5,=0. '8,
=180, 1o=1
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t-eats both TFCs and PFCs as homogeneous shells, have
proven to be adequate and verifiatle.<:* The ratio of
ommic power dissipazed in the idealized PFC-TFC set to
that delivered to the plasma is given in Fig. 2., where

- /r, 1s a minor radial fi1lling fraction for the
plllllg the plassa and coil resZ tivities are n_ and
. e.pecuvelg is a plasma profile f-~ctror for
osnic heating?, 2 {8 the coil conductor filling
fraction (A = O 7). and L {s a geometric factor. The

coil-to-plasma curcent ratio for an ideal closely-
coupled plasma coil systea initizted with a bipclar

Interim Design Point

The combination of plasma and ccil results
respectively, on FPigs. 1| and 2 are used tc develsp a
first estimate of the RFP:PTF desigrn rpoint{s) for
subsequent, more-detailed plasma sgimulation and
engineering analysis. Table I summarizes geometric,
plasma, and magnet characteristics for a single device
that would generate a neutron current over the range
I, =1-5 MW m< while assuring that rhe fusion power 1is
held below ~ 100 MW, These designs are alsc i1dentified

given,

current swing 1. us~d. The tradeoff between normalized on the B, = 0.1 plet in Fig. 1. The ohmic power
PPC thickness, & eIr , and plasma aspect ratic is given delivered to :he plasma is held below 30 MW, and the
on FPig. 2 for :ﬁe case where the TFC standoff distance average ,hysic heat flux on in-vacuum components is
from the plasma, 4b, equals the first-wall radius, and  below I, =1 HH ‘. A summary of Cthe comrutaticnal
x=r /r wl; the condirion 4sb =T gives an  basis ofuthlc exanple {8 given in the list of footustes
expergnentll volume equal t5 three tlaeg the plasma accompanying Table I. Although this design is
volume. Selecting a value of A = 5 hased on near- gubignited (G = 1.0}, an 1increase of ~ 252 in the
optimdl coupling of coil currents :ith plalma currcnt 7.6-MA design *urrent (Iw = 1 MW:m?) would _result in
allows the dependence of M ¢ r; and J. on & ignition and an increase in I, to~ 5 MW.m* (Fig. 1J.
also tc be displayed, where M_ is tlre col Y n‘sn lng j Generally, the 1 = 1-Mi.m“ 4riven design serves here
ce, are the plasna and coll current dehllt; as the basecase. This basecase design 18 for a
respectively. The cocil standoff distance from the trnn-port parameter v = 1.25 and & poloidal beta of
first-vall, 4be r,, provides space both for tests and - 0.1, Higher or lower transport and or beta would
shielding to be locnted betwveer the first wall and :he l i1ft the design window; Pig. 3 gives this sgensiti~ity
TP set. The impact of an ideally coupled FFC for of this physics design to variations in v and f..
A= 5 1s alsc shown by the A = 5{ib = 0} curve. The -
RFP FTF 1s noct designed to bread tritium. Conceptual Engineering Design
0 b L T&T ! c Startup
'\ < ) The namall si1ze of the RFP-FTF designs listed con
- - ~ _| Table I gives L‘R times for both the plasma and co1l
8 . ~ sets that are sulficiently short to make desitrable some
:\ » ; < 1 form of currenr sus:ainment. A bipolar startup is
- - 1 2 7 envisaged, vwith the PFCs serving as an energv store
- A & 1 usea to initiate s low=current, lov-eneryv
cf 6 - “U/’ K Ab Irw = 10 =1 (~ 0.5-1.0 keVi RFP; a purely inductive startup thraugh
~ _\ X F6 = -012°155 4 & resistive transfer 1s sufficiently stressing ang
n? - o X = rp re =10 1 1nefficient te preclude i.s use fo- attaining the final
L <8 Py Pop = x%n L 430“-,7’) plasma condi_uonl_luua in Table I. Instead. the PP’s
b 4 - would be charged in a reversed-bias conditicn to a
2 N 44‘ { state not unlike that of the final, full-plasne-current
. - 1 condition. A resistive transfer in time TR " 1-2 s
T M- | would torm an RFP that 1s subsequently ramped 1n a
- X _| longer time to achieve the final steady~state plasnma.
2 - ° 6 | This selow current ramp would 1inftially be driven
- . - 5%aAb = 0) | directly from the power grid, with F-€ pumping possibly
- TN LR being applied prior to curzent flat-top if the plasma
- tem— oc ] resiscance becomes sufficient.iy low. The plasma would
0 : L s 1 LT 2 then be taken to the final conditions, and the F-6&
2 pumping current drive would thereafter sustain the
0 0.4 08 1< 16 Zplun. The OHC current at this point cCecays tc zerc.
6_“—;-,, Optimization of this etartup and sustainment scenario
tc wminimize power, magnetic flux coneumrcion, and
technulogy requirementes is required. The crucial
Fig. 2. Dependence of ohaic power losses 1in co:lll. ch. tradeoff between coil cost and ctechnologr (i.e.,
relative to that 1in the plasma, P for a }
homoginized coil model. showi the d.g nden voltage, power, and volt-secc.d requirements) and the
. “‘ encence -a11 approach to rhe P-6 pumping drive coils 1s
on plasma aspect ratio, /r_, poloidal ove s’l et P /
coil thickness, & for a TFC “mdg” Ab = r exanined with a8 time-dependent plaspa’/rircuit
and a ainor “59.1 plasea f1lling frlctlo: siaulation of the design suggested in Table 1I.
x = ], Shown alec is the mass of the coil set,
Hc' and the ratio of PFC te plasma current Hagnetice
density, Jcg‘Jy- Equilibrium. The PFC design follows the procedure
outlined in Ref. 2. The PFCs are sublivided into two
The cnil power requirements given on Fig. 2 ase functional sets: a) equilidrium-field coi1ls (EPTs) to
based on a bipola: induc: ve oewing and peak currenmt provide & vertical asagnetic field of the appropriate
conditions. An {nductive pulse for this small system magnitude, B,. and index, n, to ensure horirontal aad
at most wnuld last for only ~ 10-20 s. Application of verticel equililrium, respectively, and b) l‘l--'_‘l to
r-e pulplngz-"-' to drive the plasma current, either provide the bulk of the 1inductive flux swing.
before or aftes peak current, would allow the ohmic- without {Introducing magnetic field {nts the Ll:lgl
heating-cofl (OHC) current to be driver t. sero. region, Yor the l-MW/m? neutron-wall-londirg rase
Generally, the OHC power requirements should be nvcn on TableI, b, 1.23T, G <¢n«0.#'. and
adequate to supply current-drive losses 1if transferre.! s 4,0 Wb are required. The coil desiz" in
to the F=€ pumping current=drive aysten. fﬁrtl-nr constrained to wmaintain the peak c.r e:-
denaity below 10 MA/m?, to minfmize the total o -.



lyrmes, and to avoid coil overlap.
fite smuggly about
the shell wodel used in the parametrics model
and 2) 1s etown in the lower half of Flg. 4. This
"snug"” coll design coonsumes 14.3 MW 1in the FFCe
(6.3 MA/m’ average current density) and 20.4 MW In the
OHCs (6.B MA/m? average current density). The 'snug"
design gives the winimsun ohmic loss (34.7 MW) and
represencs a 58X increase over that predicted by the
parametrica wodel. Ma{ntenanrce an experimantal

A coil design which
the TFCs and is representative of
(Figs. |

of

access to the region iaside the PFCs would require the
renoval of a portion of the 207-tonne PFC set. A more
naintainable and acceenible design 1e ehown 1in rhe
upper half of Flg. 4. This design provides un opening
on the outboard side through which quadrante of the
torus, 1inclusive of the TFCs or divertors, could be
noved. This "'open' design consumes 14X wore ohmic

pover (3B8.0 MW) and is 9.5% more massive (236.0 tonnes)
compared to the "smug" design.

The TFCs shown in Fig. 4 have a thicker radial
build (0.08 m) than predicted by the pararetrics model
in order to accommodate discreer coils wit! a wunifora
current density of 6.7 MA/m? and uniform cross-
sactional ares. The resulring TFCa occupy less volume
a7d, hence, consume less ohmic powar (1.7 MW). The
minimun number of TFCs {: estimated to be ~ 24 {n order

to oainctain accepctably emall ripple (AB /B, < 0,00},
vhere 4 i« the amplitude of the radia helical
zagnetic~{ield perturbation) and msufficien ly emall
nagnetic islande at the plaema edge [Ar/(r -rv) <,

where r {s the reversal surface radius and

st 1s the
{sland quth].

Circuit/Burn Simulation.
resistances assoclated with the

The coili

inductances and
open' design were used

in a time-depandent plasma/civcuic simulation? of the
startup of the 1=-Mw/m“ neutron-wall-ioading design.
Thie simulation indicates an initial ORC back bias of

-25 MAmp—-turns is Trequired <to fprovide the necessary
flux sving and the associated resistive lomses In the

plasma. This back-biamed condition creates an inicial

Zo1® 1.0, fopu= 0.0, A=8.00,v=1.25 5, VAR,
8 =160 =1

(peak) Von Mises stress of 143 MPa, which 1s vithin the
design constraint (200 MPa). The preak inductive power
during ramp-up of current is estimated to be 270 Mw
draw from the grid and the consumption of ~ 45 Wb; che
2T-40M experiment! requires ~ 20 MW and ~ | Wb, and the
IT-R experiment’ 1s estimated cto require 100 MW and
20-30 Wb, All coils ctogether require 270 MW (peak)
from the power grid just before current flattop (at
3,3 mn), at which point the power required drops to che
previously quoted 38 MW.

Current Drive

The steady-state conditions weuggested by
parametrics code and plasma/circuit simulations
assumed to be maintained by F-6 pumping current drive.?
The current—drive analysis is performad with a tiwe-
dependent simuilation“ of rthe plasma response o
sinusoidel fluctuatioon 4o cthe poloidal-fiaeld and
toroidal-field circuits. A 90 degrea phase difference
betwaen the two circuits 1is 1imposed to maximize
current-drive efficiency. For the deeign values of F
and € and other plasma paramecers, a frequency » 200 Hz
is needed in order t> maintain toroidal-field reversal
during the current~diive phase. The drive freguency
can be lowered by ojereting at slightly higher vilues
of © and correspondingly deeper reversal with only
modest (~ 1-2 MW) {oacreases 1Iin TFC ohmic losses.
Restriceing the toroida’ rlux ewing to be &5/& = 0.0)

the
are

at 200 Hr would result 1in a current wmodulation,
E1,/<1,> = 0.017. Although the poloidal-field and
toroidal-field circuits jrovide comparadle resistive

power to the plasma (11 MW and 18 MW, respectively) the

high-G pololdai-field circuit requires a peak and RMS
reacti e power of 3,6 GW and 2.3 GW, respectively.
Such high power levels can be handled inexpensively

\~ $10/kVAR(reactive)]) and losees below ~ 11X,

Core Integration

Figure & schematically illustrates the eseential
e¢lexenta of the RFP/FTF, Combined with the engineering
paraseters listed in Table I, seiection of an active

2ett= 1.0, 1o 0.0, Aa C.OO.v:LOO,B, = VAR,

- '11'.|uw/m'
- e =
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+ l =z enmpg—————- .
—l i 1 L, 1 1 Al A 1 J- l —l i 1
QII 04 08 012 0.4 0.6
PLASMA RADIUS, ry (m) PLABMA RADNIS, 1 (m)
Pig. 3. Bansitivity of basecase design window and design point to varfations in plasma bets, ﬁe, and transportt

paramwter, v,



impurity conttol scheme, detailed neutronics,
thermal-hydraulic, mechanical,
operational computations will lead to an engineering
integration of sufficient dctail to allow accurate
economic and technological assessaents to be wmade.
This core integration activity will pursue the "open”
configuration depicted in Fig. 4, which can accommodate
both horizontal access to test specimens without PFC
demcunting, as well as toroidal-field divertor

vacuum,
power-handling, and

chambers. FTF Coil Configurations
2 FT—V_T_T1T11'1" TTT"VTV“WT“VV]""j'T’-
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Pig. 4. Comparison of a wmore maintainable/acessible
“"open" PFC configuration (upper half plane)
vith & more-efficient "snug" PFC configuration
(lower half plane).

Conclusions
Scoping studies of a Fusion Test Fucility (PTF)
bzsed on a long-pulsed or steady-state Reversed-Field

Pinch (RFP) have baen performed. The FTF ccnstraints

suggestad in Ref. 5 heve led to the following general
features of an ohmically heated neutron source:

¢ Small physical size, total fusion power, and driver
pover (2T-40M/ZT-H size)!? while maintaining high
neutron firet-wall loading to give small capital
and operating costs.

¢ Confinement ecaling
exparimental results.

based on prosent RFP

o Sub-ignition operation with the possibility of
anomslous ion heating! (not assumed hsre) .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
ohale powar .equirements in a compact (200 tonne)
device.

¢ Steady-state oscillating-field current
pumping) consistent with the
observed! RFP plasms dynamo, but
denonstrated,

drive (/=0
experimentally
remaining to be

® Impurity control options provided by poloidal
pumped limiters or toroidal-field diveriors,

® Moderate-to~high bata (0.05-0.!5)

operation,
consistent with experilent.1

also

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

significant {ntermediate step 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 in both physics and tcchnology can be
identified with the above list, many of which will be
resolved by the next RFPP devices be’ng planned.3»10
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Table T. DEVICE PARAMETERS FOR_FUSION TEST FACILITY (FTF)
BASED ON REVERSED-FIELD PINCH (RFP)

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

GEOMETRY
Plasma ma jor/minor radius, RT/rp(m) 1.80/0.30(')
Plasma/blanket volume, V./Vg g(n?) 3.2/9.6
First vall area, Apy(m?) 21.3
Blanket/shield thickness, Ab(m) 0.30(®)
PLASMA
Pinch/reversal parameter, ©/F 1.50/-0.074
Polotdal field at plasma edge, Bg(T) s.1 6.4
Poloidal/total beta, Bg/P 0.10/~ 0.05
Average electron/ion tenperature.(c) Te/Tq (keV) 4.7/4.5 11.2/10.8
Average electron density, ne(loﬂu/m3) 6.0 4.6
Plasma current/current density, IO(HA)/J.(HA/mz) 7.6/26.8 9.6/33.8
Lawson plrana:er,(d) n1£(102° o/md) 0,97 0.89
Ohmic/fusion power in placaa, ng/Pp(““) 29.0/29.2 13.4/133.0
Plasma Q-value, Qp = PF/PQp 1.0 9.9
First-wall sverage heat flux, IQ“(HH/nz) 1.6 1.9
Polotdal flux, LPIO(Hb) 40.7 51.3
Kinetic/magnetic energy stored in plasma, UPIHB(HJ) 1.5/154 .1 2.4/245.6
Plasmsa registive decay time, LP/Rp(s) 10.6 36.7
MAGNETS
Total ohmic power to coils, PQC(HH) 25,0 39.8
Toroidal~Field Coils (TFZ)

® current-canter radius/thickness, 'coléco(m) 0.63/0.05

® current donsity.(') jc‘(HA/n’) 6.7 8.5

® power consumption, PTPC(HH) 3.0 4.8

® nass, Mype (tonne) 17.4
Poloidul~Field Coila (PFC)

® current center radius/thickness, r.g/6.q(m) 0.80/0.30

e curent donlicy.(') Jce(HA/mz) 6.7 6.9

® pover consumption, Ppp .(MW) 21.9 3.0

® mass, Hrrc(tonna) 126.0

e PFC inductance,(f) L (1076 ) 2.01

® coil current, lco(HA) 10.14 12.00

® solenoid flux, Lclc‘(Hb) 20,3 25.7

® coil L/R time (n) 9.4

(a)Plasma radius taken at T = 0 surface and ia greater than radfus of reversal layer, first-wvall and plasna
tadiue taken as equal.

(b)Taknn to ba vqual to first=wall radius and represents an upper bound on experimental/test volumae.

(c)Bessal=function model pressure profiles assumed, P(r) = JZ(ur), with n(r) and T(r) = Jo(ur). A renistance
form factor of w 4,7 was computed to be consietenct with gh.l! profiles.,

(d)The eaperimentally calibrated acaling,} “cq = 0,083 13'35(HA)r 2 was used with 1 L
the global energy confinement time. No anomalous fon heating 8.- sssumed, 4

(e)Current densicy in TFCa and PFCa equal, wmagnitude set by PFCs sice and pover consuaption.

(t)Teken a8 Lc = woRy(sn(8RT/rco) - 2.0).

- ttc. and Ty computed as

-



