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1. Introduction

Recently a detailed study [1,2,3,4] has been made in JET of the scaling of the aitical edge
pressure, pyp, a which ELMs are triggered. A complete description of the elge pressure cycle
during an ELM additionally requires an analysis of both the drop of the elge presaure Jp
during an ELM, and the remvery time 1 of the elge presaure. This paper focuses on the
scaling of op. Jp is diredly related to the stored energy loss per ELM AW, which in turn
controls the maximum thermal load onto the divertor target plates. Knowledge of the scaling
of dp isesential for extrapolation to future devices such as ITER.

2. Experimental

We have analysed neutral beam heated, seady-state ELMy H-mode discharges in the Mklla
and MKIIGB divertor configurations. The elge presaure p(t) was obtained from measured
values of the alge eledron density n(t), and electron temperature T(t). Assuming ne = n;, Te =
Ti then p(t) = 2n(t)T(t). The elge density was measured by interferometry at a mgjor radius R
= 375 m (Ry O 3 m), the alge temperature profile by ECE. The stored energy W({) was
obtained from diamagnetic loop measurements. The main variation of T was achieved by
varying the gas fuelling rate from discharge to discharge. Other parameters were varied
between By = 27 - 35T, Ip =2 - 37 MA, Pih =8 — 15 MW, qgs = 2.4 — 4.5 and the
triangularity between dypper = 0.18 — 0.43. Fig. 1 shows a sequence of discharges of a gas
fuelling scan. Fig. 2 shows examples of W(t) and p(t).

The data analysis was performed using values of T, n, p and W, just before an ELM (Tup, Nup,
Pup, Wip), and just after an ELM  (Tiow, Niows Priows Wiow), @nd by fitting an exponential function
between two ELMs (Fig. 3). For ead discharge the ELM parameters were averaged over [J10
— 30ELMs. A principal problem in the analysisisthat p (= pu - Piow) and W & Wip - Wiow)
are eab the difference between two large numbers (seefig. 2), giving large eror bars.

3. Scaling

Fig.4 shows that dW is proportional to Jp, from which we infer that the scaling results
obtained for Jp are valid also for dW. An analysis of the relative mntribution of the plasma
core and pedestal to AW, using the same procedure & in [2], shows that W is mainly caused
by a drop of the pedestal stored energy.

In the asence of a mmplete physics model of the presaure drop during an ELM, one has to
speallate @dout the parameters that control Jdp. Tentatively, we alopt two dfferent
approadies: Firstly, we try to scale dp against the elge parameters pup, Ty and Sos and the
global parameter Iy, implicitly assuming that dp is controlled by MHD physics. Secondly, we
separately scale pup and piow, using for pup the results of Refs [1,2,3,4]. For piow We nsider
two alternative models. Model 1 assumes piow is controlled by the same parameters as Jp
(MHD physics), whereas model 2 assumes that scrape-off layer physics largely controls piow
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and implies niow, PsoL, By and gy to be the relevant variables [5]. In fad model 2 combines
empirical results on typical profile shapes in the pedestal and nea separatrix region with the
scaling relations provided by scrape-off layer physics. The units used in the following scaling
equations arein MA, eV and 10° m> T, MW.

The first approach (fig. 5) gives as a scaling relation dp =5.08 10 7°15°T33n,0°s% . This

agrees qualitatively with the experimental observation of an increassing dp with pedestal
temperature and plasma aurrent and a deaeasing dp with pedestal density. However, the
dependence on I, and Ty, seems to be rather strong. The scaling relation can formally be

written in terms of the local variables ppo 0 yTyp Ip%, v Ongp Ty2 and Bpor O pyp 1,2, Where

Ppal IS the poloidal Larmor radius, v the collisionality and Bpq the poloidal beta. The resulting

scaling equation is  p/p 0 py5®v 2 B 0% S32°. It does not contain geometrical variables

and is therefore not applicable to ather devices.

The second approach starts with the analysis of pup. Here it is assuumed that py, 01,57,

which iswell established for gas fuelled discharges in JET [2,3]. It isrelated to the ballooning
limit of a presaure gradient over a transport barrier of width P . Fig. 6 shows the scaling

result. Data from discharges with type Il | ELMs are clealy separated and were not used in the
fitting procedure.

The scaling of piow using models 1 and 2 is shown in fig. 7 and 8, respedively. In model 1
only data obtained in type | ELMy discharges are included. In model 2, both type | and type
[I'l dataare used, because under the made assumption for model 2 (SOL physics controls piow),
the result should be independent of the ELM type. With the scaling expressions obtained for
pup @nd piow, Op can be @lculated. For model 1 a simple expresgon for the relative pressure

drop can be derived dp/p=1-2.2nlT;%1,%4, which shows a wes dependence of the

relative pressure drop on the selected parameters. This can be transformed into the
dimensionlessform dp/p =1-const.(B,, )>% . Model 2 does not allow a further simplification

of the scaling relation, becaise the variables used to scale pyp and piow are not compatible.

4. Summary

Scaling expressions for the elge presaure drop dp during ELMs have been derived for NB
heaed ELMy H-mode discharges in JET. The three models tested describe within the eror
bars the data equally well. Since dp is shown to be proportional to the loss of stored energy
OW these relations can be used to scale dW. The lack of a physics model for the pressaure drop
limits the gplication of the scaling expressions to the JET experiment. An extrapolation to
larger devices requires the inclusion of geometrical parameters. This can only be ahieved by
comparing the JET results in a second step with results obtained on smaller devices.

[1] JLingertat et &., J. Nucl. Mater. 266-269 (1999) 124.

[2] JG Cordey “H-mode power threshold and confinement in JET H, D, D-T and T plasmas”
| AEA-F1-CNBYEX7/1, paper presented at 17" IAEA Fusion Energy Conf., Y okohama,
1998

[3] G Saibene d al. “The influence of isotope mass, edge magnetic shea and input power on
high density ELMy H-modes in JET” submitted to Nucl. Fusion.

[4] V PBhatnagar et a., Nucl. Fusion 39 (1999 235

[5] K Borrass JLingertat, J Schweinzer, in preparation

262



26" EPSCCFPP 1999 ; J.Lingertat et al.: Characterisation of ELM triggered edge pressure cyclesin JET

D, intensity (a.u.)

(MW)

(1022 541)

=
(6 =]

=
oo

=

=
OU‘IOO‘U'IOOU‘I

=
o

Pulse No: 44012,13,14,16, B, = 2.7T, Ip = 2.6MA

o N MO

[ Gas rate / .

il S —f T T | E

15 16 17 18 19 20
Time (s)

Fig.1 Typical sequence of NB heated H-mode

W, (MJ)

6.0

5.8

5.2

dischargesin a gasfuelling scan

| JG99.153/3¢

18.04

|
18.12
Time (s)

=
[ee]

!
18.08

Fig. 3 Fitting parameters of the time evolution of

the diamagnetic energy between two ELMs

Pulse No: 47541, B, = 2.4T, I, = 2.5MA

& JG99.153/1¢c

M%Wﬂ’w
6~ 1
2
< 4+
<
o
z
2,
0
60
_ 40 Sp{
©
o
<
o
20r
ol | | | |
17.6 17.8 18.0 18.2 18.
Time (s)
Fig. 2 Timetraces of the diamagnetic energy
and the alge presaure
4
A
3
A
’_‘J‘
wn
2o
z A
AA
1= A
0 | | | | | |
0 02 04 06 08 1.0 12 1
8, (10*Pa)

263
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