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Introduction

Moving beyond ITER toward a demonstration power reactor (Demo) will require the in-
tegration of stable high fusion gain in steady-state, advanced methods for dissipating very
high divertor heat-fluxes, and adherence tacstimits on in-vessel tritium retention. While
ITER will clearly address the issue of highsion gain, and new and planned long-pulse ex-
periments (EAST, JT60-SA, KSTAR, SST-1) will lkectively address stable steady-state high-
performance operation, none of these devicesad#quately address the integrated heat-flux,
tritium retention, and plasma performance requieats needed for extrapolation to Demo. Ex-
pressing power exhaustquirements in terms dheqa/R, future ARIES reactors are projected
to operate with 60-200MW/m, a Component Test Facility (CTF) or Fusion Development Fa-
cility (FDF) for nuclear component testinlCT) with 40-50MW/m, and ITER 20-25MW/m.
However, new and planned long-palexperiments are currently projected to operate at values
of Pheat/R no more than 16MW/m. Furthermore, nonetloé existing or planned experiments
are capable of operating with very high temperature first-wiall( = 600-1000C) which may
be critical for understanding and ultimately minmmg tritium retention with a reactor-relevant
metallic first-wall. The considerable gap be®n present and near-term experiments and the
performance needed for NCT and Demo motgthe development of the concept for a new
experiment - the National High-power advancBatus eXperiment (NHTX) - whose mission is
to study the integration of a fusion-relevant plasmaterial interface with stable steady-state
high-performance plasma operation. Such a@ewould not have a high-fluence NCT mis-
sion, but would advance the science and technology necessary to accelerate the NCT mission
at reduced risk in a separate nuclear facility. For the NHTX mission, flexibility to test multiple
divertor configurations and first-wall compongms critical, and flexibility in plasma exhaust
configuration and boundary shape is importantdoderstanding the plasma-wall interaction.
Sufficient profile control must be available temgerate high-performance fully non-inductive
plasmas with higliea/R < 50MW/m and long pulses=200-10008cbrporation of hot walls,

trace-tritium, liquid metals, and ELM and digtion control are additional design goals.
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Physics Design
To achieve a higlfhea;/R mission while minimizing the cost of auxiliary heating systems and
magnet operation, small major radius is clearloiable. Access for heating systems and diag-

nostics also place a practical lower bound on the plasma minor radiu®.5m.

Systems code studies have been performed to dete

mine the optimal design of such a device assumify

. . 30
normally-conducting actively-water-cooled magnetg,o,

ITER-98PBY2 H-mode confinement scaling, aspects,

ratio-dependent elongation and no-wall stability limit,| =~ =
scalings, and fully non-inductive (NI) current drivez{ZA“/
from bootstrap (BS) current and neutral beam injecg5 T 20 T s
tion current drive (NBICD) with up to 32MW of

110keV deuterium NBI. Inboard space for a half-swirlg@ure 1: (2) Auxiliary power vs. aspect
ratio A for a range of B, and (b) total p

cluded. As shown in Figure 1, the systems code studf@d BS and NBICD vs. A.

Aspect Ratio

solenoid capable of rampinig to 3.5MA is also in-

find that an optimal aspect ratio A = 1.8-2iéhslltaneously maximizes the achievaBlgy and

Ip (andWqt - not shown) at fixedRy. For aspect ratio A=1.8, the resultant NHTX design pointis
Pheat = 5OMW atRy=1m for Pheay/R = 50MW/m, 1p=3-4MA, Bt = 2T, k = 2.7-3,Hggy 2 = 1.3,
Bn=4.5,8r=14%, Greenwald density fractidigyy=0.4-0.5,fgs= 65%, andfy; = 100%. Higher

Bn and fgs are possible with resistive wall modebtlization and enhanced confinement.

Component and diagnostic accessi-

bility is particularly important for the

NHTX mission, and Figure 2a shows the 2
large separation between toroidal field
(TF) coils (gray) and vessel (green) an’téﬂ0

the largeAZ=2m vertical gap between
2

outboard poloidal field (PF) coils (or-

ange). Figure 2b shows the divertor PF, " o

2
R(m)

coil design can accommodate an ITER-

i ; . Figure 2: (a) NHTX cross-section, (b) example divertor
like lower-single-null plasma and diver- g (@) (b) P

tor geometry (left), a JET-like diVertorcom‘lguratlons, (c) example plasma shaping flexibility.
(right), and other concepts including a liguithium divertor module. Figure 2c shows the PF
coil set provides considerable shape flexibjlfr example a squareness range of -0.15 to 0.25.

A possible location for the NHTX high-tempeture wall/liner is outlined in blue in Figure 2a.
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Four BMW NBI boxes from TFTR ()
upgraded to long-pulse capability us-

ing the TPX design could provides'

a majority of the auxiliary heating
power of NHTX (60-65%) and the "

central current drive necessary to suigure 3: (a) Top view of NHTX with tangential NBI, (b)

plement the bootstrap current. Thside view showing allowable;R range = R+0.2m, (c)

remaining 18MW would come fromallowable Za, = +0.4m (note shifted NBI in red).

RF sources to be specified. Ten TF coils of the geometry shown in Figure 3

can limit the TF ripple to 0.5% at the plasma boundary, and as shown in Fig-

ure 3, provide sufficient access for radially and vertically steerable tangential NBI.
TRANSP calculations of NBICD have been used for bench-ﬂ;»

marking the OD formulas used in the systems code. The Ei-zj

netic profile shapes used are shown in Figures 4a and b anzté'(a)
are taken fronfy; = 65% NSTX discharges withe(0) ~ 2, 7 15F

s 1.0F n
Ti(0)/Te(0) is fixed at 1.5, and the density chosen to achievens;

0.0
Br = 14%. For these profiles, the pedestal electron coIIisionaIf-:k

ity va = 0.01-0.05 is comparable to the ITER pedestal Va|lj§l§.1-0*( )
0.5F(C
Figure 4c shows the current density profiles Wwith, = 1.15m 00 NB

Riav  Bu fas Ip[MA]

for the middle NBI source. The associa@ggrofile is weakly- 6f

110cm
100cm

reversed withgmin > 2, and lown TAE modes are calculated to a 4 "\ [sn so s 2s

be stable with the NOVA-K code, while=4, 5, and 7 modes 2 ) [Zym=tem].

00 02 04 06 08 1.0

are unstable witly/ o <2%. As R,y is varied from 0.7m to -

1.3m, the bulk current drive efficiency increases by as mucr';ﬁﬁjre 4: () T(0), (b) n), (c)

a factor of three (with fixed target profile) highlighting the 3(p), and (d) dp) vS. Ran.
potential advantages of off-axis NBICD. Self-catent BS+NBI safety factor profiles for dif-
ferentRran are shown in Figure 4d. As seen in the figuRgan variation can provide control
over the core magnetic shear which can infeeetboth the core thermal transport and MHD
stability. Vertical NBI shifting is calculated to provide similgiprofile control.

To gain a better sense of the challenge of managing high-heat flux at the reactor level, Fig-
ure 5a shows the peak heat flux estimated using a 2-point Borass model for an ITER-like
LSN divertor in NHTX. The assumed Bohm, (consistent with NSTX data [1]) results in
a)LqH_midp|ane:0.8-l.3cm which is roughly twice the value expected in ITER. In the sheath-

limited regime, this standard flux expansioaognetry (poloidal flux expansion = 3) has peak
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heat-fluxes< 7OMW/n?. Even at low Tivertor With partial detachment due to significant radia-
tion in the SOL, the peak heat-flux of 15-20MW/rexceeds ITER design limit of 10MW/m

A key goal of the NHTX mission is to test _

if high core and divertor radiation fractlons

(as possible means of divertor heat-flux r
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duction) are compatible with H-mode accesj

low Zqt¢, and efficient pumping and particle

control [2]. Another approach to heat flux re-
duction is large magnetic flux expansion [3],
and Figure 5b shows an NHTX double-nu

divertor configuration with poloidal flux ex-
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the figure, in the sheath-limited regime, pegkgyre 5: peak heat-flux estimates in NHTX with (a)

heat-fluxes are reduced a factor of 5 relatiyReR_jike and (b) high flux-expansion divertors.
to the ITER-like divertor. In this divertor comfuration, liquid lithium could be tested as both a

pansion = 35 at the strike point. As seen i 30

high heat-flux target and as a large-area pump for hydrogenic species.

Summary

The physics design described above provige®xistence proof of a device capable of pur-
suing a mission of studying the integration of a @ursrelevant plasma-material interface with
stable steady-state high-performance plagperation. The design demonstrates flexibility to
test multiple divertors, first-wall componenfasma exhaust configurations, boundary shapes,
and plasma current profiles. Future designvitas will focus on the design implications of
high-temperature walls, the choice of wall maaé&rirace-tritium for retention studies, and lig-
uid metals for high heat flux and particle control. The avoidance of transient heat-loads to the
divertor and first wall is essential in Demo. Thesil designs for ELM suppression and resis-
tive wall mode control will also be pursued iddition to disruption avillance and mitigation
techniques. With these integrated designudesd, the NHTX device would advance the science

and technology necessary to accelerate a nucleaponent testing mission at reduced risk.
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