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Introduction
Moving beyond ITER toward a demonstration power reactomibewill require the in-
tegration of stable high fusion gain in steady-state, adedmmethods for dissipating very
high divertor heat-fluxes, and adherence to strict limitsremessel tritium retention. While
ITER will clearly address the issue of high fusion gain, aesvrand planned long-pulse ex-
periments (EAST, JT60-SA, KSTAR, SST-1) will collectivedgdress stable steady-state high-
performance operation, none of these devices will adetyuatielress the integrated heat-flux,
tritium retention, and plasma performance requiremengsiee for extrapolation to Demo. Ex-
pressing power exhaust requirements in termB,efi/R, future ARIES reactors are projected
to operate with 60-200MW/m, a Component Test Facility (CoFJFusion Development Fa-
cility (FDF) for nuclear component testing (NCT) with 408W/m, and ITER 20-25MW/m.
However, new and planned long-pulse experiments are diymemjected to operate at values
of Pheay/ R N0 more than 16MW/m. Furthermore, none of the existing onqda experiments
are capable of operating with very high temperature firdt-(lgs; = 600-1000C) which may
be critical for understanding and ultimately minimizingitrm retention with a reactor-relevant
metallic first-wall. The considerable gap between presadtreear-term experiments and the
performance needed for NCT and Demo motivates the develoipoi¢he concept for a new
experiment - the National High-power advanced-Torus epant (NHTX) - whose mission is
to study the integration of a fusion-relevant plasma-niaténterface with stable steady-state
high-performance plasma operation. Such a device wouldhaet a high-fluence NCT mis-
sion, but would advance the science and technology negessaccelerate the NCT mission
at reduced risk in a separate nuclear facility. For the NHTiXsmon, flexibility to test multiple
divertor configurations and first-wall components is cakiand flexibility in plasma exhaust
configuration and boundary shape is important for undedstgrthe plasma-wall interaction.
Sufficient profile control must be available to generate fpghformance fully non-inductive
plasmas with highhea/ R < 50MW/m and long pulses=200-1000s. Incorporation of hotsyal

trace-tritium, liquid metals, and ELM and disruption cantre additional design goals.



Physics Design
To achieve a highheai/ R mission while minimizing the cost of auxiliary heating sysis and
magnet operation, small major radius is clearly favorabteess for heating systems and diag-

nostics also place a practical lower bound on the plasma mnadius > 0.5m.
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110keV deuterium NBI. Inboard space for a half-swirg@ure 1: (2) Auxiliary power vs. aspect
solenoid capable of ramping to 3.5MA is also in- atio Aforarange of B, and (b) total p
cluded. As shown in Figure 1, the systems code studf@g" BS and NBICD vs. A.

find that an optimal aspect ratio A = 1.8-2.0 simultaneousiximizes the achievabe,:and

Ip (andW; - not shown) at fixedRy. For aspect ratio A=1.8, the resultant NHTX design point is
Pheat = 5SOMW atRy=1m for Phear/R = 50MW/m, 1p=3-4MA, Bt = 2T, kK = 2.7-3,Hogy 2> = 1.3,
Bn=4.5,67=14%, Greenwald density fractidig\y=0.4-0.5,fgs= 65%, andfy, = 100%. Higher

Bn and fggare possible with resistive wall mode stabilization andagmed confinement.
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outboard poloidal field (PF) coils (or-

ange). Figure 2b shows the divertor PF_40

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 diVertorconflguratlons, (c) example plasma shaping flexibility.
(right), and other concepts including a liquid-lithium eror module. Figure 2c shows the PF
coil set provides considerable shape flexibility, for exgsquareness range of -0.15 to 0.25.

A possible location for the NHTX high-temperature walldims outlined in blue in Figure 2a.
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ing the TPX design could provide™
a majority of the auxiliary heating
power of NHTX (60-65%) and the
central current drive necessary to supigure 3: (a) Top view of NHTX with tangential NBI, (b)
plement the bootstrap current. Thside view showing allowableiR range = R4+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 shownFigure 3
can limit the TF ripple to 0.5% at the plasma boundary, and BRews in Fig-
ure 3, provide sufficient access for radially and verticallieerable tangential NBI.
TRANSP calculations of NBICD have been used for bench-1gk
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are unstable witty/w <2%. As R is varied from 0.7m to -

1.3m, the bulk current drive efficiency increases by as msch?gure 4: (a) T(), (b) n(E), (c)
a factor of three (with fixed targegf profile) highlighting the 3(p), and (d) ) V. Ran.
potential advantages of off-axis NBICD. Self-consisteB8tHBIBI 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 influence both thetberenal transport and MHD
stability. Vertical NBI shifting is calculated to providenslar g profile control.

To gain a better sense of the challenge of managing hightheaat the reactor level, Fig-
ure 5a shows the peak heat flux estimated using a 2-point 8onaslel for an ITER-like
LSN divertor in NHTX. The assumed Bohm, (consistent with NSTX data [1]) results in
a)\q”,mid plane=0.8-1.3cm which is roughly twice the value expected in ITHRthe sheath-

limited regime, this standard flux expansion geometry (jalioflux expansion = 3) has peak



heat-fluxes< 7O0MW/n?. Even at low Fiverior With partial detachment due to significant radia-
tion in the SOL, the peak heat-flux of 15-20MW/rexceeds ITER design limit of L0MW#An
A key goal of the NHTX mission is to test “ Peak Target Heat Flux ['V'W/ml
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and Figure 5b shows an NHTX double-nu
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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 relatiyeeR_|ike and (b) high flux-expansion divertors.

to the ITER-like divertor. In this divertor configuratiomquid lithium could be tested as both a

pansion = 35 at the strike point. As seen i

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

Summary

The physics design described above provides an existenoé @ira device capable of pur-
suing a mission of studying the integration of a fusioniraté plasma-material interface with
stable steady-state high-performance plasma operatlmd@&sign demonstrates flexibility to
test multiple divertors, first-wall components, plasmaaexdt configurations, boundary shapes,
and plasma current profiles. Future design activities witiuls on the design implications of
high-temperature walls, the choice of wall material, tra@@@im for retention studies, and lig-
uid metals for high heat flux and particle control. The avommof transient heat-loads to the
divertor and first wall is essential in Demo. Thus, coil desifpor ELM suppression and resis-
tive wall mode control will also be pursued in addition tordjstion avoidance and mitigation
techniques. With these integrated design features, theX\#t€lice would advance the science

and technology necessary to accelerate a nuclear comp@séng mission at reduced risk.
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