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Visit Description: The visit has been to Woods Hole Oceanographic Institution (WHOI), Massachusetts, USA. The visit took place during the period 16 June to 13 July, 2002. During the stay at WHOI, I participated in the lecture series of the 2002 Program of Study in Geophysical Fluid Dynamics. The central topic of the 2002 program treated "Bounds on Turbulent Transport" with Friedrich H. Busse, University of Bayreuth, as the Principal Lecturer. Below follows a description of the central topic (from the web-page of the Program, www.whoi.edu)

Eddies in turbulent flows encounter limits to their growth and evolution depending upon the physical nature of the forces that produce them. This year we will focus upon the limits felt by convection and by shear produced turbulence. A minisymposium on the effects that rotation places upon convection will also be held in early July. Numerous applications are found in oceanography, earth and planetary sciences, and engineering. 
The effects of bounds on turbulent transport will be introduced in a series of lectures by F. H. Busse. Five morning lectures will be given during the first week summarizing these methods and describing the results. A variational technique will be applied to the energy integrals of the momentum, heat and component transport equations. The technique has classical roots, but it owes its modern origins to studies of convection decades ago at the GFD program. Following suggestions that convection might optimize the transport of heat, a new study that used global energy methods developed by Orr at the beginning of the 20th century was developed to calculate a rigorous upper bound to heat transport for all possible flows. For many years following this, a series of studies using this Howard-Busse approach determined a variety of rigorous upper bounds for turbulent transport of heat by convection and of momentum by shear flow. These solutions share many properties, such as temperature profiles or shear flow profiles, with actually realized turbulent velocity fields. In recent years the Doering-Constantin approach to the bounding problem has been developed and the equivalence of the two approaches has been demonstrated. These and several other advances have derived improved bounds on turbulent transports in recent years through the use of additional constraints and through the introduction of computational methods. These will be reported in lectures by other participants.
This more theoretical topic will be complemented with a mini symposium on rotating convection in early July, which will include presentations of experimental, ocean atmospheric and planetary observations. Five lectures by F. H. Busse will progress from convection in plane layers, through centrifugal driven convection in a cylindrical annulus and finally to convection in spherical shells. The studies include a large number of analytical, numerical, and experimental results. They share common features with the variational problems such as sequences of successive bifurcations and multiplicities of states. 
Lectures attended during the visit were the following:

Monday, June 17, Fritz Busse, University of Bayreuth, Germany, Introduction to Hydrodynamic Stability Theory
Tuesday, June 18 , Fritz Busse, Applications of Energy Methods and Linear Theory
Wednesday, June 19, Fritz Busse, The Sequence-of-Bifurcations Approach for the Transition to Turbulence
Wednesday, June 19, Louis Howard, Florida State University/Massachusetts Institute of Technology, Simple Approaches to Some Bounding Problems
Thursday, June 20, Fritz Busse, Upper Bounds for Turbulent Transports
Thursday, June 20, Charles Doering, University of Michigan, Bounds on Turbulent Transport: Introduction to the Background Method
Friday, June 21, Fritz Busse, Multi-alpha-Solutions
Friday, June 21, Peter Constantin, University of Chicago, Bounds for Rotating Fluids

Monday, June 24, Colm Caulfield, University of California, San Diego, Bounds on Mixing in Stratified Shear Flows
Monday, June 24, Richard Kerswell, University of Bristol, U.K., Unification of Variational Approaches
Tuesday, June 25, Karl Helfrich, Woods Hole OCeanographic Institution, Rotating Hydraulics and Upstream Basin Circulation

Wednesday, June 26, Willem V.R. Malkus, Massachusetts Institute of Technology, Observed Turbulence Averages from Upper Bounds Constrained by Nonlinear and Time Dependent Stability Conditions
Tuesday, July 2, Pascale Garaud, University of Cambridge, U.K., Stellar and Solar Rotation
TRAVEL COMPLETED 
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Besides participating in the lecture series of the GFD2002 Program, the collaboration with Prof. George Veronis, Yale University has continued, as he also participated in the GFD program. We have worked on a two-layer model of the thermohaline circulation with a western continental slope and a mid-ocean ridge. We have continued to develop the analytical solution obtained during my visit at the GFD2001 Program. The work treats the thermohaline circulation following the ideas of Stommel (1958), where he obtained an analytical solution for a homogenous model of abyssal flow. The work of Stommel was later developed into a two-layer model by Veronis (1976). Combining solutions for the flat bottom interior with solutions for sloping boundaries (Salmon, 1992) we can now produce solutions for the two-layer case with topography. The conservation of potential vorticity leads to large north-south excursions of the flow in the topographic regions. Justification for the work has been obtained by comparing our solution to previous numerical and observational work. We have treated the problem in the inviscid limit and discontinuities occur in the solution and will have to be smoothed by friction. The work has resulted in a manuscript by H.C Andersson and G. Veronis: Thermohaline circulation in a two-layer model with sloping boundaries and a mid-ocean ridge, that will shortly be submitted to the refereed journal Deep-Sea Research. A numerical solution of the problem with viscosity added has been planned for the future in order to test the solution where the jets occur and whether friction enables the jets to merge with adjoining flows.
