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The ELMy H-Mode provides good confinement under steady-state conditions and is

therefore envisaged as a possible operation regime for future fusion devices. The transition

into the H-Mode (L-H transition) occurs above a threshold power, an essential parameter in

planing a next device. The confinement properties of the ELMy H-Mode depend on the

plasma parameters and their influence should be known for confinement predictions. These

two topics are an important part of the research program in ASDEX Upgrade and the last re-

sults are presented in this paper.

Two important modifications were carried out since the last IAEA conference in Mont-

real 1996: a deep closed divertor (DV-II), with cryo pump, has replaced the previous open

one (DV-I) and the NBI heating power has been doubled, providing 15 MW in hydrogen and

20 MW in deuterium.

The H-Mode power threshold and L-H transition in DV-I and DV-II have been compared

in detail in the middle range density region (below 70% of the density limit) where it increase

linearly with density. The threshold power in DV-II is higher than in DV-I by about 20%

which is statistically significant. It is widely accepted that the L-H transition occurs at the

plasma edge and therefore an important effort was made in ASDEX Upgrade to investigate

the dependence of the L-H transition on edge parameters. A scaling has been obtained for the

edge temperature at the L-H transition in DV-I [1], The edge temperature measurements in

DV-II agree with the results from DV-I. Therefore, the 20% higher power threshold in DV-II

can be explained by the observation that for the same line averaged density the edge density

is higher in DV-II than in DV-I by about 20%. It will be also shown that local and global re-

sults of the L-H threshold are in accordance. The results with edge local measurements are

being compared with present theoretical models and good agreement with some of them is

achieved.

A possible contribution to the understanding of L-H physics is provided by a type of L-

H transition in which a steepening of the edge gradients and confinement improvement first

occur in time, without the usual L-H signatures. The typical H-mode signatures are occur

later and cause a further but weak confinement improvement. Such a behavior suggests that

the L-H transition requires two conditions which are generally fulfilled simultaneously, but

not in these cases. It can be speculated that the cause for the two conditions are connected

with the different behaviour of the convective and conductive transport, respectively.
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The confinement properties of the type-I ELMy H-Mode will also be described in the pa-

per. A main characteristic is the relation between edge and core plasma. Dedicated experi-

ments using density ramps and power scans, with and without cryo pump, were performed to

address the relation between edge and core. In this regime the edge pressure gradient is lim-

ited by the ELMs at about the ballooning limit, in a region between the separatrix and the top

of the pedestal (pped)- The electron temperature at the pedestal top depends on the condi-

tions, in particular power and density. It is for instance decreasing with increasing density

with gas puffing [2]. The temperature profiles in the core plasma (pned < P < 0) exhibit a

constant logarithmic derivative: the shape of this part of the profile on a log-scale does not

vary and its height is defined by the top of the pedestal. Such a behavior is expected from

transport models based on the existence of a critical gradient. Additional information on

transport in the ELMy H-Mode is provided by the propagation of "heat waves" achieved by

modulated ECRH: a strong asymmetry of the transport is observed between the LFS and

HFS propagation of the ECRH deposition when it is placed around mid-radius. This also sug-

gests the existence of a critical gradient. The confinement with type-III ELMs is generally

good, 10% to 20 % lower than for type-I ELMs, and will also be described and discussed.

The extension of the heating power allowed to obtain for the first time in ASDEX Up-

grade type-I ELMS in hydrogen plasmas, providing a comparison between hydrogen and

deuterium under the same conditions. The confinement in hydrogen is clearly lower than in

deuterium confirming the isotope effect observed earlier in ASDEX Upgrade under different

conditions [2]. The behavior at very high power will also be discussed. In hydrogen a satura-

tion of the electron temperature occurs which is not observed in deuterium. This is not due to

global MHD phenomena and transport analyses will be made to identify the cause of this dif-

ference.

Various phenomena such as ELMs, MHD instabilities (fishbones, neoclassical tearing

mode) or high density operation with gas puffing limit the confinement performance in

steady-state ELMy H-mode. They will be discussed as well as the consequences for a future

fusion device.
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