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The activities were mainly centred around the problems on the interaction of (quasi-two 
dimensional) turbulence and large-scale flows often referred to as zonal flows (ZF) mainly in the 
context of magnetically confined plasma, but with strong inspiration from and interaction with 
the Geophysical fluid community.  Generally, the generation of the flows from turbulence is 
mediated by the Reynolds stress, which describes the momentum flux in the direction (the radial 
direction) perpendicular to the flow direction (the zonal direction). The Reynolds stress is the 
correlation between the zonal velocity and the radial velocity. The Reynolds stress, being a 
transport term, will not lead to the build up of a net momentum, it will redistribute and organize 
the momentum and result in differential flows with zero net momentum in the absence of 
external momentum input.  

The turbulence – flow interaction is often found to have an oscillatory behaviour particularly in 
the plasma case: the turbulence is initiated by some instability and the turbulence intensity is 
growing up towards saturation. In the case of a finite Reynolds stress energy is transferred from 
the turbulence into the zonal flow. This implies that the turbulence intensity decreases and in turn 
the zonal flow energy will lose its drive and decrease due to viscous effects. The turbulence is 
then free to grow up again and the cycle starts all over again – this takes the form of a predator 
prey type interaction with the flow as the predator and the turbulence as the prey. It is 
furthermore clear that during the period of flow dominance the turbulence mediated transport is 
suppressed. Thus, the sheared zonal flow acts as a transport barrier. The described dynamics 
appear to be an essential ingredient in the transition between different confinement states in 
magnetically confined plasmas. That is the so-called low confinement state, the L-mode, 
characterised by broad pressure profiles and dominated by turbulent transport across the 
magnetic field lines, and high confinement state, the H-mode, characterized by steep pressure 
gradients and a limited turbulent transport controlled by the sheared mean flow, initiated by the 
zonal flow, and acting as a transport barrier. This dynamics has been modelled by “simple” 0-
dimensional predator-prey like models (see, e.g., [1-2]) that qualitatively captures the main 
features.  

The activity along these lines was to investigate different extension of the predator-prey like 
models taking into account the different dynamics in two spatial regions of the plasma: the edge 
region with closed magnetic flux surfaces and the so-called SOL-region with open magnetic field 
lines crossing material surfaces (SOL – Scrape-Off- Layer). The SOL acts as a sink for the 
plasma and is essentially the “radial” boundary condition for the plasma. Initial results of this 



model show that it is capable of describing the L-H transition. Further parameters studies will 
reveal if it will be capable of showing scaling behaviours resembling experimental observations. 

The H-mode confinement regime is of essential importance for the development of fusion energy 
as viable energy source for the future. Conceptual fusion reactor studies account on  reactors 
operating in the H-mode regime. The H-mode is also the regime ITER - the next generation 
international fusion experiment - will rely on to achieve the goal of ignition. 

In geophysical fluid dynamics the formation of transport barriers in the form of zonal flows is 
also a generally accounted phenomenon, with the earth's polar vortex as a clear manifestation of 
significant importance. However, it appears that the cyclic oscillation between the turbulence – 
or waves – that is driving the flows, and the zonal flow is not really encountered in the 
geophysical contents; although variations and meanderings of the transport barriers are 
commonly observed. One of the differences with the plasma case is that here the location of the 
transport barrier is fixed by the geometry of the devices, whereas in geophysical flows such 
constraints – related to, e.g., topography - appear less rigid. Several discussions with the 
geophysicists on these items were very useful, and have lead to new ideas for attacking the 
issues. 

A strongly related problem is concerned with the often applied concept of potential vorticity, PV, 
which is used throughout in geophysical fluid dynamics. The PV is a Lagrangian conserved 
quantity and by significant mixing, the PV will attain a uniform spatial distribution, which will 
imply a redistribution of fluid vorticity leading to large scale flows – jets. In magnetically 
confined plasmas one may also define a PV and similar dynamics may result. However, in the 
plasma case one often encounters other Lagrangian conserved quantities imposing restriction on 
both density and temperature profiles. Turbulent mixing of these quantities may likewise result 
in uniform distribution of the Lagrangian invariants, from which follows canonical density and 
temperature profiles. The underlying process is referred to as Turbulent Equipartition – TEP [3], 
Different aspects of TEP and PV homogenization and their relation were also discussed, which 
will have bearing on the future progress. 

In conclusion, the participation in the activity has really been very fruitful and has provide useful 
insights, which I will benefit from in my future work. I really liked the organization of the 
workshop with rather few scheduled presentations supplemented by discussion sessions around a 
suggest topic. Also the ad hoc organized social events added to the relaxed and open social 
interaction.    
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