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Both lower-single nulldivertor (typically d_,.~ 0.4) and double-nultivertor (typically

lower
d...~ 0.8) configurations allow H-mode access, although we thateipper single-null has not
been attempted rete reproducible H-odeswere obtained. Todate,the single null H-rodes
have producedthe longest pulse lengths whereas double-null éldes have produced the
highestb,. The singlenulls areeither quiescentave verysmall edge-localizednodes ELMs,
with DW/W<<1% - see Fig. 1), or in a narrow fuelimgndow just above thdocked mode limit,

very large ones(4%<DW/W<20%, where W is the plasma stomukrgy). Inthefirst 2 cases,
ne risesmonotonically though the discharge; in the third case, the ELMs cause large edge

density losswhich fills in rapidly after theELM, and then, rises monotonically between the

large ELMs. Previously whavereported[9,11,12] that the eddensity builds rapidiafter the
L-H transition and forms ‘ears’. The durationtbé present H-modes is #igient to determine
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Fig. 1 — Time evolution of a long pulse H-mode. The inboard side H-peutéstal
density (R=46.7 cm), outer pedestal (R=142.0cm), and cent(R=100.7
cm) measured by Thomson Scattering are indicated in pandih(e)ratio
of the nner pedestal to central densiynd outerpedestal to core density
are shown in panel (d), showing that the core fills in noprekly han the
edge. The point-to-point variability if, ns due to laser-to-laser variation.
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that the core density fills in faster than the edge density, leagemgually to a flaprofile (Fig.
2). Double-nulls are characterized by discrete ELMs (either Type | or Type DWW <4%)
or are occasionally ELM-free, but somewhat surprisingly, the ratdensity rise is nearly
identical to single nulls.

The NBI heating power required for H-mode accessbeasn measuretl] attwo | values
in lower-single null configuratiomwith theion Grad-B dift toward the X-point. At ,j:éOO KA,
Pe=320 kW (R ° Pyg*tPoy-dW/dT = 0.63 MW)was required to trigger ail-mode

transition (B=0.45 T,n,=2.0 X 16° m-3), and at F900 kA, P,;=650 kW (R, = 1.2 MW)
was required (B= 0.45 T,n.=2.4 X 16° m-3). Further experiments are requirediedermine if

these data indicate gndependence or a very strong dependence, or a powreshold being
reducedwith wall conditioning. Both ofthe measured powehresholdvalues are @il above
(~10-20 times) amarly ITER scalindl5] based orronventional aspect rattokamaksRecent
inclusion of low aspect ratio data into the ITER datalesyielded[L6] aninverse aspect ratio
dependence of the power threshold. A preliminary comparison with the new scaling intietates
the power threshold in NSTX is 3-4 times higher than the new scaling value.

One parameter clearly affecting H-mode access is the fueling characteristic near the NBI start
time. Fueling from the HFS injector provides thestreliable Hmodeaccess, as in tiHdAST
device[17]. However the fueling rate can be either too low to allow H-mode access, resulting in a
locked mode, or too high, resulting in a high lomttageL-mode. Because of therg injector
tube, the HFS gas injector has a large initial puff rate which decay® 1% msec followed by a
slowly declining puff which continuef®r the discharge duratiofsee Fig. 3). A comparison of
H-mode access and characteristics was made between discharges fueleHFES tiesinjector
and an injector near the outer midplane (low toroidal field side, LFS) which was programmed for
an identical flow rate. Fig. 3 shows that the discharge with the HFS gas injection had an H-mode
transition about 75ms earlier than €S injection disharge, and alsthat theHFS injector
fueled H-mode lasted longer. We note that the LFS fueled discharge had an L-H traftsition
the second NBI source was added at t=200 msec, indichahghe powethresholdwas higher
for the LFS discharge. Fig. 4 showthat the toroidal rotatiowelocity (%) and edgeelectron
temperature were lower with LFS fuelirgpdthat a bump in theutboard sideslectron density
10 ——s was present inthe LFS
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Fig. 2 — Evolution of density profiles. time for the long-pulse times  and discharge
H-mode in Fig. 1. characteristics becanvery
similar between the two
fueling locations.
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One additional note: Hiode acceswasalso obtained by pre-loadirige wall (in previous
discharges) with high LFS gasiffing, and then cuttingff externalgasfueling at theonset of
NBI. This technique was utilized[18] by the MASdamfor H-mode access prior to their HFS
fueling system. INNSTX, it produced comparable (but irreproducible) lddas as copared
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with HFS fueled H-modes, buwith a presumably more distributed fueling sourcEhus, it is
clear that the poloidal location of the gas fueling has a measurable effect on H-mode access.

Investigation of the relationship betwewgansport and turbulence the Himode edge is
continuing with a gas puff imaging diagnostic[120] and a newly installed midplane
reciprocating pwbe. The gas puffimaging diagnostiziews along, distributed gas puff source
along the edge field lines. Aarrow, quiescent emission band is observed in étes with
small or no ELMs. The emission profile broadens and becomes much more turbulent in L-mode.
The decrease in profile width in H-mode is consistent with a decrease in the emission region due
to a decrease in the electron density gradient scale length. Detailed simulations with the DEGAS-
2 atomicphysicscode,and theUEDGE andBOUT boundary transport codes are in progress.
Data from a scrape-ofayer reflectometeshow[21]that thedensity gradient scale length itself
fluctuates tremendously in L-mode, but is more quiescent in H-mode.
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Fig. 3 — Comparison of a HFS and LF#ieled H-mode discharge. The NBI
waveform displayed in pané) was used in both cases. The LiRfgctor
was programmed tgield the ameflow rate asthe HFS injectorAll gas
fueling before t=90 ®ec. came from a second Likkfector and was not
varied during this experiment.
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In conclusion, Hmode operatiomas provided an operational scenario to furtipeogress
toward NSTX performance targets. Further optimization of theddeswill include theuse of
improved fueling and heating control to create even broader pressure pooftegherb limits.

A divertor cryopump andadvanced @il conditioning techniques are being considered for
improved density control during discharges. In addition, research will continue phytkies of
the termination of the Mode phasafter ~ 500msec. lHode research ithe pastfew years
has focused odevelopment as an operatiotabl, but an increasing emphasis is beplgced

on H-mode physics, in terms of accesteria (e.g. power threshold and fueling effects) and
edge turbulence studies.
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