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1. Introduction:

The early stages of hot-ion mode operation with the new JET yielded, in marked contrast to
the ELM-free behavior of the previous configuration, high performance H-modes with type I
ELMs evoking lower D-D reaction rates (Rpp) in combination with higher recycling signals.
Since it is known high recycling is deleterious to H-mode quality [1], this paper examines the
relationship between recycling signals and Rpp for 1991 (graphite walls and upper dump
plates, open divertor) and the present campaign 1994/95 (MkI pumped divertor, CFC target
plates, largely inconel walls). A calibrated D¢, signal (DAV) measured along a vertical chord
on the outer side of the x-point and not intersecting the divertor, and common to 1991-1995, is
utilized. After documentation of experimental results, the transport code EDGE2D/NIMBUS
is employed to interpret DAV in the sense of: 1) Is there a difference in recycling between
1991 and 1994/95, and 2) Do any of the 1994/95 divertor equilibria exhibit benefits over
others in terms of recycling control of neutrals from the divertor to the main chamber?

2. Experimental Results

Configuration| SNU | SF | HFE [DNHF1| Table I lists characteristics of the best 1991 Single

x-pLheight (m}! 0.084 | 0.284 | 0.132 | 0.126
txexp.in | 176 34 126 T 1361 Null Up (SNU) case as well as the best each of three

flux exp.out | 15 2.5 8 10_} divertor equilibria of 1994/95. SNU had a low x-
shear at Q95 4.4 3.25 3.6 3.75

wperti. | 051 | 0.19 | 021 | 028 | pointand high flux expansion. SF, HFE and DNHF1

Best Example | #26087 | #32823 | #32919 | #33643 | of 1994/95 represent a chronological evolution from

Vol 01 | 81 83 | 79 . : :
;’,::"['J",“;] a9 1 185 T 15z 155 | 2 high tolow x-point, and from a low flux expansion

Woupn | 116 | 10 | 108 | 123 | ypwards. There is also a progression in main plasma
Rop (s-1] | 8.4x1016 | 5.6x1016 | 7.6x1016 | 9.3x1016

sttoumins]| 135 | 108 | 1.09 | 130 | triangularity and edge shear, but the values remain
3Netotas s8d [Dpump, Dgas. oeam over Ist secor NBI | below those of SNU. Py, while larger for 1994/95

[epumpet [0 (108|138 1072 does not produce a notable Rpp margin over 1991,
[dogasdt [2.65x101 [0 0 0.37 )

[Debeamdt 1116 1.6 155 |1.54 partly due to the smaller plasma volume necessitated
Netows 144 |168 184 20 by the divertor structure. The particle balance at the

SNe/fbesm [1.24 1.05 1.19 131

end of the 1st sec. of NBI shows with the cryopump
Table I: Magnetic geometry, plasma _ ) .
properties and global particle baiances ~ (1994/95) the change in electron inventory relative to

for the best high performance shots of  those injected is roughly the same as in 1991.
each configuration.
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The temporal behavior of recycling signals, in

relationship to other divertor and global quantities
during the transient ELM-free hot-ion H-mode phase
is depicted in fig.1. The high PNy ~ 17MW effects a

calculated power to the target plate of only Ptar ~
(1016/s)

0 Mw""“. Prar= Pin- Prao- 9%Woia 7MW, because of the large dWp/dt (~ IMW) but low
10+ ‘/\V__C“/N total radiation (~ IMW). Rpp and Wp rise linearly

4107973 P with time until the "rollover"” at t ~ 52.95 sec. Both
2 h_/‘ DAY and the outer target plate D¢ signal (DAO) -
0

a.u. D, vertical along with the pressure of the sub-divertor volume

Psp and the saturation current to a target plate

Or o298 Langmuir probe - remain roughly constant after
° _M entering the ELM-free phase up to the rollover
(ignoring the benign mini-ELMs). At the rollover,

03! 0~3 mbar
WM the increase in Prarget is registered by all divertor

0— diagnostics as an augmentation of ion flux. The fact
~ 'sat

that divertor properties remain relatively stable up to

0 ., the rollover (while the core line density increases a

m
2.79- /m\_// 5 factor of three!) is indicative that midplane values are

g . eye
2785551555 12.50 1275 1300 1305 Not changing, a result familiar from ASDEX [2].
Time (s)

Fig. 2a plots the maximum Rpp attained vs. DAYV,
Fig.1: Time traces for global (top 4 boxes)
and divertor parameters. The outer strike ] o o
point (Rsoyt) drifts away from the probe  discharges per equilibrium. The association of low
over t=12->12.75 s, causing the decrease
in Isat. The "rollover” phase in Rpp and ) ) _
Wgig begins at t=12.95 sec. Shot #33641. high recycling. As it stands, fig.2a demonstrates that

taken just after the L-H transition, for a number of

Rpp <=> high DAVis self-evident only for very

the best Rpp values are not attained at the lowest
DAV, either for 1991 or 1994/5. Fig.2b shows how

16 .
10 RDDDUO /sl . fﬂ‘:E the points of fig.2a are described by the regression:
o SF cryo
x « HFE
% 2 DN oryo Rpp ~ t(H)0-93£0.09 py;2.0+0.17 (s Mw],
6 'zA@ A « SNU
x 8A° 0o ° where t(H) is the ELM-free period beginning at
4 o o the L-H transition up to the event terminating high
2 &) ﬁ o° ° . . performance. The nearly linear time dependence is
o DAVOoMembasn 4 expected from fig.1. SNU (not used in the fit) is

0 5 1 15 2 25

Fig. 2a: D-D reaction rate Rpp vs. the
vertical Dy signal DAV (taken after the
L-H transition) for 1991, and 1994-95 minimize recycling, i.e. optimized wall conditioning,
configurations with/without the cryopump. low target density,

3 superior to 1994/5 as already noted in Table L.
Normally, high performance shots are set up to

and no gas puff after NBI begin.
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The points suffering heavy gas puffing before NBI 1

RDD [1016/s) o
(not used in the fit) illustrate the outcome, lying o SF x
clearly below the norm. Furthermore, pumped- o g;iryo x A sa a
divertor shots are associated with higher Rpp, as 2 Sﬁfu??' :ryo Yoma QJAD
are the configurations HFE and DNHF1 over SF. " SW x °A§§A a

Fig. 2c exemplifies that Rpp bears a relationship

d b t(H)0'93 pNIZ.O
50 100 150 200 250 300 350 400

to DAYV even at low recycling levels when examined

°O-‘N(JAO|O’)\I®¢DO

in well-controlled circumstances. Rpp (normalized

to PN12, as well as to an average ELM-free time) Fig. 2b: A fit to the points of fig. 2a using

_ . ) the ELM-free period t(H) and Py,
goes up with decreasing DAVover eight, almost

consecutive shots. The parallel enhancement in t(H) T -

suggests this may be one mechanism by which Rpp 8 *RDDnorm ¢ ® .

is coupled to recycling, i.e. low recycling <=> low 6 rEeye {3 *y .
edge densities, leading to delay of the development P #32676:87 +
of pressure-gradient-driven instabilities thought to 2

end high performance[3,4]. The stability limit itself DAV [101%/cm2-s-str]

is determined by triangularity and edge shear, higher 0 1 2 3 4 5 6 7
values yielding longer t(H) and thus higher Rpp. Fig.2c: Normalized Rpp and i(H) vs.

) o DAV for a series of shots from fig. 2a.
Hence, t(H) in the fit above implicitly represents

the combined effects of reduced pressure gradients Configuration | ~ SF HFE | DNHF1
hi . Shot Number | #30917 | #32919 | #33643
and higher stability. Jsat emn 130 | 79 7
_ ' A tem 0.8 (0.32){3.5(0.44)[3.5 (0.35)
The Langmuir probe data of table II illustrate that e n01%emd| 3.6 0.7 0.6
divertor plasmas of the hot-ion H-mode are typified - A temi 0'9;%'36) 4.2 ;‘;53) 40 ;(;40)
e [eV]
by Jsat <10A/cmZ, ned<1019/m3 and Ted~50-60eV Aem |19 076)] 12 (1.50) [9.3 0.93)

when low recycling prevails. (Langmuir data exists  Table II: Outer target plate Langmuir probe

for only one SF case - with high recycling.) The fall- ¢@!a for hot-ion H-modes of Mkl. Ti=Tg is
assumed here in the evaluation of ng.

off lengths when projected to the midplane are () gives A projected to the outer midplane.
similar for all cases and quite small (AJgat ~3-Smm).

. . Conliguration SNU SF HFE |DNHF1
Using Langmuir data, computation of the power flow [DAH [expt| 0.6 14 1.1 1.1

{1013) [ coge | 8.5 8.9 8.33 | 0.63
DAYV expl. 4.4 75 5 66

to the target plates, for an energy transmission factor

=8 and Tj=Te, accounts for less than 20% of Piar. 1013 [ede| 2.5 | 8.9 | 4.2 | 3.7
This discrepancy likely originates in the assumptions | DAT jept 118 | 100 | 96

. . {1013] | cod 146 116 119
for Tj and v, since the power balance is reasonable, — ————
. . . Daot | code | 7.6x1021 13 8 1.9
i.e. the IR camera approximately validates Par [5], Ston |cote 5300211 6 3.9 | 4.1

and since the probe saturation current values are o010 4. Comparison of experimental-(best

quite compatible with measured D¢, levels. Rpp cases of Table 1) and code-calculated
Dq signals. Predicted neutral flux to the main
SOL, and ionizations inside the separatrix.
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3. EDGE2D/NIMBUS Modelling of the Configurations and Comparison to Experiment
Considering the measured Ted~50eV and power balance, the upstream power inputs to the
code are taken as Pe=1MW, Pi=5MW. Such a power splitting is not inconsistent with core
transport analysis {6], and also compatible with past modelling efforts [7]. Further conditions
required to approximate divertor parameters are: nes = 7 X 1018/m3, vpinch = -9 m/s, D =
0.3m2/s, X]le=0.8 m2/s, X 1i=15 mZ2/s (all constant in flux space). No impurities. 100%
recycling at the walls and target. Cryo-pump activated. Pumped neutrals are refuelled in the
plasma core. A 4% target plate transmission for neutrals is assumed, allowing for the effect of
slots in the MKI divertor. The pinch is employed, as diffusive perpendicular transport alone
produces unreasonably broad density profiles for the high flux expansion cases of 1994/5,
which parallels the modelling experience for other operational regimes on JET [8].

Table III gives comparisons among the four cases with regard to code output and experimental
values for the horizontal and vertical D¢, chords as well as the total target plate Dg. The ratios
of recycling signals among each other for each configuration as well as the absolute values are
reasonably reproduced. Renormalizing DAYV in fig.2a using the predicted DAV values of table
III will effect a shift of SNU points to the right and of SF points to the left, with the result that
no configuration has a clear advantage in recycling levels. The code values of neutral flux to
the SOL (o}, above the x-point) and ionizations within the separatrix (Sj) permit evaluation
of the efficacy of each configuration in controlling neutral leakage to the main chamber - but,
large differences for either ®gp] or Si are not predicted among the configurations.

4. Summary and Conclusions

Based on predictive EDGE2D/NIMBUS calculations, there is no indication any of the divertor
equilibria of the new JET offer significant advantages over the SNU situation of 1991/2 with
respect to neutral fluxes to the main SOL, or core ionizations, for the hot-ion H-mode. SF of
1994/5 fares least well in this sense. Thus, better Rpp performance likely arises largely due to
the core triangularity or edge shear associated with a particular configuration rather than better
recycling control, whereby these shape parameters set stability limits [3]. Recycling is clearly
important in this context (fig.2c), but evidence exists there is a minium level below which
high performance is no longer improved. Assisted by the cryopump, the new JET MkI divertor
accesses this region (fig.2a). Finally, during the ELM-free H-mode it is observed that divertor
parameters remain fairly constant after the L-H transition, attesting that the upstream SOL
remains largely unaffected by core behavior until termination of the high performance phase.
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