Previous Track Record

This is a proposal for a symposium on Turbulence to be held in the academic year 2005-2006 at the University of Warwick Mathematics Research Centre (MRC). The backbone of the symposium will consist of a series of thematically interconnected workshops. The workshops will be complemented by a year-long active seminar series and visitor programme including a small number of long-term collaboration visits, by instructional courses and by a summer school to maximize the benefit to junior researchers. We aim to promote the scientific interaction among mathematicians, physicists and engineers involved in the turbulence research. We will also seek to involve industrial specialists, particularly from the European Centre for Mid-range Weather (ECMW) and Defense Establishment Research Agency (DERA) and the UK Met Office.
1. Organisers 
Dr. Sergey Nazarenko (PI) is a Reader in mathematics at Warwick. His main research area is turbulence of classical fluids (described by Navier-Stokes and Euler equations), magnetic fluids (MHD and plasmas), dispersive waves (weak turbulence) and quantum fluids (Nonlinear Schrödinger equation). He has published his results in 45 papers in leading international science journals. Being a member of the Mathematics Institute since 1996, Sergey Nazarenko has supervised four PhD students and three postdoctoral colleagues. Over the past six years, he has taught fluid dynamics, waves and turbulence courses and has organized seminar series in fluid dynamics and in turbulence. He has organized numerous conferences and workshops in the areas of fluid dynamics, nonlinear waves and turbulence. From 1996 to 2002 he was a Deputy Director of the Fluid Dynamics Research centre at Warwick. He is a PI on a major Framework Programme 6 application for an EC network on the wave turbulence, involving 11 institutions from 14 countries.

Dr. Dwight Barkley D. Barkley is Reader in Mathematics and Deputy Director of Mathematical Interdisciplinary Research at Warwick.  He has expertise both in the computational study of the Navier-Stokes equations and other nonlinear PDEs. He has developed advanced numerical methods in many areas with particular emphasis on incorporating modern ideas from bifurcation and stability theory into large-scale computational solutions of PDEs.  He has performed fundamental computations on a number of flows, particularly the cylinder wake, perturbed channel flows, and the backward-facing step.

Dr. Robert Kerr is a Professor of computational fluid dynamics (CFD) at Warwick who has worked on numerical modelling of nonlinear processes in fluids for over thirty years. He worked at the US National Center for Atmospheric Research, Los Alamos National Laboratory and the University of Arizona. He is known for his numerical study of the vorticity blow-up in the 3D Euler equation and for a state-of-the-art simulation of atmospheric advection. He joined Warwick in 2002 to take the lead in CFD research and to strengthen the Warwick Centre for Scientific Computing. 

Dr. Oleg Zaboronski is a Senior Lecturer in mathematics at Warwick whose main research interest is non-equilibrium statistical mechanics which deals with statistical models characterised by non-zero fluxes of various conserved quantities through the phase space. Over the past few years he has been studying turbulence in such models, including the stochastic Burgers equation, various models of the cluster-cluster aggregation and the directed abelian sandpile model. He has used the methods of statistical field theory to describe the turbulent regimes in these systems, including applicability of Kolmogorov's theory and an anomalous scaling due to intermittency.

2. Scientific committee. 

The organizers of the Warwick Turbulence symposium will be advised by a scientific board which includes Peter Carpenter (Warwick), Massimo Vergasolla (Paris and Nice), Julian Hunt (UCL), Alan Newell (Arizona and Warwick), Neil Sandham (Southampton), Carlo Barenghi (Newcastle), Annick Pouquet (NCAR), Krzysztof Gawedski (ENS Lyon).

3. Venue.

The Warwick Mathematics Research Centre has an extensive visitor programme, and has run symposia on an annual basis for over 30 years. The MRC staff form an experienced team that has earned an excellent reputation in the mathematical community worldwide for efficiency and friendliness. They make a valuable contribution to the success of the Warwick symposia. 

Warwick is centrally located for travel from all over the UK and is within an easy access from the major international airports such as Birmingham (20 min), Luton, Stanstead and East Midlands (1 hour), Heathrow (1.5 hours), Manchester and Gatwick (2.5 hours).

4. Warwick environment

The Mathematics Institute (MI) at Warwick has a strong international reputation. Its Applied Mathematics programme of holds a 5-star (i.e. the highest) research rating from the 2001 RAE exercise.  Besides MRC, MI hosts a Mathematics Interdisciplinary programme and (jointly with other Warwick departments) the Centre for Scientific Computing that provide a good environment for the symposium visitors’ activities, such as a broad range of seminar series in related areas and powerful computing facilities.  

In addition to the organizers, who are directly and actively involved in the turbulence research, several MI members maintain interest in related areas of mathematics dealing with stochastic fluids, numerical analysis and dynamical systems, and their presence will help the cross-disciplinary learning and exchange of ideas within the symposium programmes.  They include Robert Mackay, James Robinson, Andrew Stuart, Roger Tribe, Oleg Kozlovski and Peter Topping. Further, we will receive active participation from the people involved in the turbulence related research in the Warwick Physics and Engineering departments, e.g. Peter Carpenter, Peter Thomas, Greg King, Vadim Nakarjakov, George Rowlands and Sandra Chapman.

The Warwick turbulence group has submitted an application for a FP6 EU Network on wave turbulence (with Nazarenko as a network coordinator). This is a natural continuation of Warwick’s participation in the European turbulence activities which in the past included being a node of the EU network “Intermittency in Turbulence”. If successful, the network grant will allow us to use additional funds for organizing the joint symposium and the network-related activities such as a workshop in wave turbulence and a summer school in turbulence. We will also seek to organize joint events with other UK institutions (e.g. Hull, see below) and to apply for additional LMS funds to organize Instructional courses in turbulence related subjects.

CASE FOR SUPPORT

1.  Why a symposium on Turbulence now?
Turbulence is everywhere. It is an important player in weather and climate systems, it greatly affects aviation and sea navigation, it causes formation of protogalactic magnetic fields and it affects the plasma confinement in thermonuclear devices. It is important and widespread and yet it remains the greatest mystery for scientists who try to describe it. Even after significant advances by Richardson, Reynolds, Taylor, Prandtl, Kolmogorov, Batchelor, Kraichnan and other great scientists, turbulence remains largely a phenomenological science with only a few exact results obtained over the years. On the other hand, turbulence is a very exciting and active subject and the proposed symposium would help consolidate effort in solving its challenging problems via encouraging the exchange of ideas, collaboration among the leading experts in the field and via transferring knowledge by these experts to junior scientists and postgraduate students. 

Turbulence is a very multi-disciplinary subject. But the approaches of mathematicians, physicists and engineers are often quite diverse reflecting historical developments in each of these subjects. One of the main goals of the proposed symposium will be to promote interaction among the turbulence researchers with different disciplinary backgrounds. For example, engineers have a lot to say to mathematicians about the problems that are of particular practical importance, and the mathematicians can (and should) familiarize engineers with new advances in theoretical turbulence which would be inaccessible without direct interaction because of the mathematical technicalities involved. 

Recently, there has been a resurgence of interest in turbulence among mathematicians and physicists worldwide and several new tractable turbulence models were found in different applications, such as e.g. a turbulent mixing of passive tracers, stochastic fields of water waves and a random set of weak shocks described by the Burgers equation. Different at first sight, all such non-equilibrium statistical systems possess a universal property that allows them to be classified as turbulent, namely the fluxes (cascades) of conserved quantities through phase (e.g. Fourier) space. This property allows the use of common approaches to describe physical systems across a vast range of scales, from quantum to cosmological, e.g. superfluid turbulence, planetary oceans and atmospheres, solar wind and the interstellar medium. It also allows one to use methods developed for other non-equilibrium statistical fields, e.g. the instanton formalism and the re-normalisation group approach, to turbulence. One of the remaining open challenges for mathematicians, which is important for understanding the energy dissipation in turbulence, is the existence (or non-existence) of singularities in the Navier-Stokes and Euler equations. One of the aims of the proposed symposium will be to report and access recent theoretical advances and to promote further work and collaboration in using modern techniques for solving turbulence models.

2. Participants

Confirmed participants: Carlo Barenghi (Newcastle), Sergei Chernushenko (Southampton), Neil Sandham (Southampton), Christos Vassilicoss (Imperial College), Darryl Holm (Imperial College and Los Alamos), Uriel Frisch (Nice Observatory), Vladimir Zakharov (Landau Institute and Arizona), Massimo Vergasolla (Nice Observatory), Krzysztof Gawedski (ENS Lyon), Michael Chertkov (Los Alamos), Julian Hunt (UCL), Sergey Kuksin (Heriot-Watt), Kostya Khanin (Heriot-Watt and INI), Sergei Lukaschuk (Hull), , Alexander Shnirelman (Hull), Gregory Falkovich (Weizmann Institute), John Gibbon (Imperial College), Alan Newell (Arizona and Warwick), Annick Pouquet (Nice Observatory), Yves Pomeau (ENS Paris), Yuri Lvov (RPI), Berengere Dubrulle (ENS Paris), Jean-Philippe Laval (ENS Lille), Peter Thomas (Warwick), Vadim Nakarjakov (Warwick), Peter Carpenter (Warwick), James Robinson (Warwick), Andrew Stuart (Warwick), Robert Mackay (Warwick), Peter Topping (Warwick), Oleg Kozlovski (Warwick)

Other expected participants: Gregory Eyink (John Hopkins), Evgenii Kuznetsov (Landau Institute), Antti Kupiainen (Helsinki), Helene Politano (Nice Observatory), Thomas Gomez (Université Pierre et Marie Curie, Paris), Sebastien Galtier (IAS Paris-Sud), Victor Shrira (Keele), Emmanuel Villearmaux (Marseille), David Dritschel (St Andrews), Javier Jimenez (Madrid and CTR Stanford), Katepalli Sreenivasan (ICTP Trieste), Vladimir Lebedev (Landau Institute), Eugenii Balkovski (Rutgers University), Michael Stepanov (Weizmann and IAS Princeton), Alex Fouxon (Weizmann Institute), Willem Van de Water (Eindhoven), Norman Zabusky (Rutgers), Peter Goldreich (Caltech and IAS Princeton),  Alfred Osborne (Torino), Miguel Onorato (Torino), Colm Connaughton (ENS Paris), Peter Jansen (ECMWF), Terry Cain (DERA), Dan Lathrop (Maryland), E Bodenschatz (Cornell), Yannis Kevrekidis (Princeton), Tom Mullin (Manchester), George Karniadakis (Brown), Olivier Dauchot (CEA, Saclay), Eduardo Wesfreid (ESPCI, Paris), Peter Haynes (DAMTP), Michael McIntyre (DAMTP), Andrew Gilbert (Exeter), John Cardy (Oxford), Rich Kerswell (Bristol), Stephen Belcher (Reading), Julie Turner (Met Office)
3. Parallel events. 

1. A major EU network application has been submitted in “Wave turbulence” with Warwick being the central node. If this application is successful, the timing will be perfect for holding joint symposium and the network events. 

2. We will run one of the symposium workshops consecutively with the European Geophysical Society 31th General Assembly (Nice, April 2006) to encourage US participation. 

3. We have an agreement with the Hull University to organise a satellite workshop on turbulence in Hull. We will also seek to organise similar events jointly with other UK institutions. 

4. We will co-ordinate our symposium with the MIR@W (Mathematics Interdisciplinary Research at Warwick) programme and we expect to be able to use MIR@W funds (provided by the University of Warwick) to increase participation of researchers from neighbouring fields.  

5. We will seek to coordinate our programmes with other UK and European events in turbulence and related areas, e.g. programmes at the Isaac Newton Institute.

4. LMS Instructional courses

We propose to organise two courses in September 2005 and March 2006 intended for postgraduate students, each featuring three series of lectures. We shall apply separately to the LMS for funding. Provisional topics are: Introduction to turbulence, Scale separation techniques in turbulence, Computing turbulent fluids, Wave turbulence and Field-theoretical methods for turbulence.

5. Workshops
The workshops will form the backbone of the symposium. They include:

Singularities, coherent structures and their role in intermittent turbulence ( Week 2, September, 2005, preceded by a LMS course on the subject)
The challenge of a roof of the existence (or non-existence) of global solutions for the Navier Stokes equations has recently experienced a renewed surge of attention. It is one of the Clay Institute Millennium problems. It is believed that, should solutions develop finite-time singularities, these solutions may be responsible for turbulence intermittency and that they play an important role in the turbulent energy dissipation mechanisms. There are also other types of coherent structures that contribute to these processes in which vorticity is amplified via stretching but it does not result in a finite-time blow-up. Examples are “vortex worms” that have Burgers vortices as simple prototypes, “horseshoes”, “streaks” and “injections” in turbulent boundary layers, etc. In magnetic fluids, turbulent dissipation may be dominated by the electric current filaments and sheets. In Bose-Einstein condensates in gases with attractive potentials (e.g. Lithium), the active players are finite-time collapses which have analytical prototypes among the solutions of the Nonlinear Schrödinger equation.

In this workshop, we will review the current state of the study of the Euler and Navier-Stokes singularities, other coherent events and structures, and their role in turbulence intermittency and energy dissipation. We will include a review of coherent structures and patterns that appear in convection problems and in the relatively new subject area of the turbulent pattern formation. We will address similar issues in magnetic and in quantum turbulence. We will aim at finding the unifying concepts and common methods of study for applications covering a vast range of scales, from the quantum scale to the astrophysical scale. We will encourage a mutually beneficial interaction of the mathematicians involved in obtaining rigorous results and scientists studying the effects of these solutions using simplifying models, experiments and numerical analysis.

One of the organizers (Kerr) is submitting to EPSRC a research proposal (joint with the Imperial College) to study the singularities in fluids. If approved, this project will be timely and complementary to the specified workshop.

Environmental turbulence (Two weeks in April 2006).
The timing for this workshop will be chosen to precede the EGS 31st General Assembly in Nice in order to increase participation of the US and European specialists working in the area of geophysical turbulence. The exact dates of the EGS meeting are not available but the usual timing is the end of April which conveniently fits into the UK and US Spring (Easter) breaks. In turn, the workshop will be preceded by an LMS instructional course in geophysical turbulence. 

Geophysical and environmental turbulence is of tremendous importance for weather forecasting and climate modeling, aviation and sea navigation, prediction of natural hazards. This area has experienced significant growth and advances over the last decade thanks to improved understanding of the underlying processes and to increased computational power available. However, the predictive power of the operational forecasting remains far from perfect because even the most powerful supercomputers cannot resolve the important small-scale processes in turbulence on an operational basis. Even the most optimistic extrapolations of computer development do not leave a hope that this problem will be solved soon just by direct increase in computational power. Thus, we should aim at finding better models of the unresolved (subgrid) scales. Further, much work remains to be done in establishing the role of waves in the small-scale dynamics of atmospheric and oceanic turbulence, studying the mechanisms responsible for the air-sea exchanges (momentum, gas, sea spray and moisture), the formation of rain clouds and the rain dynamics. Another important question to study is how underwater turbulence interacts with the free surface motions. These processes affect, for example, the spreading of oil slicks and the mixing of CO2 and oxygen to deeper layers in sea-water. Finally, we mention boundary layer turbulence as a classical example important in both atmospheric science and for industrial fluid dynamics.

This workshop will discuss recent progress in the fields mentioned above. We will review new and promising ideas about modeling the subgrid turbulence as well as recent advances in numerical and theoretical modeling of relevant physical processes. We will particularly encourage interaction between theoreticians and researchers involved with practical applications including experimentalists. We believe that such interaction will benefit both sides and turbulence research in general by identifying the important priorities in the area and by sharpening research focus on these priorities.

Non-equilibrium statistical mechanics and turbulence (Weeks 2 and 3, July 2006).
From the point of view of statistical physics, turbulence is a branch of non-equilibrium statistical mechanics dealing with states of complex systems characterized by non-zero fluxes of various conserved quantities through phase space. Though very general, this point of view turns out to be very useful. There are whole classes of non-equilibrium systems bearing no apparent resemblance with classical fluids, whose scaling properties can be studied using general phenomenology of turbulence, most notably, Kolmogorov theory developed in the context of hydrodynamic turbulence. Another advantage of such a generalization comes from the fact that many interesting turbulent systems are simpler than Navier-Stokes systems and can in fact be studied analytically. Thus fundamental issues of the theory of turbulence (persistence of constant flux solutions, applicability limits of Kolmogorov theory, emergence of multi-fractal statistics and intermittency, the influence of dissipative structures on the statistics, etc), which are relevant for all turbulent systems, can be studied quantitatively using the powerful machinery of statistical physics. Examples of turbulent systems analyzed recently from the viewpoint of non-equilibrium statistical physics, include passive scalar advection, kinematic dynamo, statistics of vorticity in two-dimensional turbulence, Burgers turbulence, stochastic rapid distortion theory, optical turbulence, cluster-cluster aggregation, directed abelian sandpile models. Mathematical methods used in this research are impressively diverse and include classical and stochastic analysis of PDE's, instanton formalism of statistical field theory, Boltzmann kinetic equation, Wilson renormalization group method. Cross-breeding between methods used in these fields is proving extremely useful. For instance, it has already been realized that methods developed in the theory of passive advection can be used to advance further the theory of the small-scale Navier-Stokes turbulence. Or, that Zakharov transformation, developed in the context of weak turbulence, can be applied to derive Kolmogorov spectra in the theory of cluster-cluster aggregation.

We therefore propose a workshop dedicated to non-equilibrium statistical mechanics and turbulence which will bring together specialists working in this new exciting and rapidly developing field. The aim of this symposium is to generate an exchange of ideas and techniques across boundaries of narrow sub-disciplines and, ultimately, to stimulate further advance towards the resolution of one of the most challenging problems of modern theoretical physics - the construction of the theory of turbulence.

Transition in open flows (3 day workshop; date in not fixed yet)

The sequence of intermediate steps leading to turbulence in confined flows, such as convection in small boxes or Taylor-Couette columns, is largely understood. However, since the time of Reynolds, turbulent transition in open flows remains largely unsettled.  There are many fundamental open questions concerning transition in extended and open flow settings, particularly in non-parallel and separated flows.  Even very basic issues such as the relative importance of linear and nonlinear mechanisms in various settings are not well understood. As part of the symposium, a three day workshop on transition will be organized by Barkley.  There will be three key themes: (1) Theory, particularly basic mechanisms of transition, linear and nonlinear stability studies.  (2) Recent experimental results and large-scale simulations (3) Control and drag reduction, particularly in boundary layers and wakes.  Invited speakers will include T. Mullin, P. Huerre, P. Bearman, B. Eckhardt, E. Wesfried, M. Gaster, F. Waleffe, P. Schmid. In addition representatives from industry will be invited to participate (Barkley has contacts with Peugeot and Renault). 

Smaller workshops and joint events
We also plan to organize a number of smaller, one and two days long, workshops on more specialized subjects such as turbulence in Electrophysiology (cardiac dynamics), new applications of the rapid distortion theory and the scale separation techniques, MHD turbulence and dynamos, etc. We will encourage our external (particularly UK) participants to take lead in organizing some of these events. Some of the events will be combined with the MIR@W activities such as MIR@W Mondays and, therefore, some funds allocated for such activities will be used. We also plan a larger joint workshop and a summer school on wave turbulence if the FP6 network application submitted by the PI is approved.
6. Relevance to Beneficiaries
The symposium will benefit mathematicians, physicists and engineers involved in turbulence research, both academic and industrial. The workshops and conferences will be designed to meet the needs of UK postgraduate students in these area. The proposed symposium will make important contributions to scientific life in the UK, leading to new insights and solutions to some of the major problems outlined above. It will help maintain and enhance the internationally leading role of the UK in turbulence research. 

7. Dissemination and Exploitation
Workshops and conferences will be advertised through the LMS website and publications. Scientific results will be disseminated both electronically and conventionally through publications in the international journals. 

8. Justification of Resources
Subsistence for visitors

The subsistence rate for workshop participants is £45 per day. This may be reduced for long-term visitors depending on the availability of inexpensive accommodation.

Travel expenses

We shall encourage participants to fund (or contribute to) their own travel expenses. We expect that many of the overseas participants will be able to do so. We expect to support 40 participants. 

Based on our experience, we allow £300 (on average) for airfare and £32 inflated by 10% for ground transportation. 

British participants

The fixed amount of £20,000 will cover the expenses of British participants. The calculation is based on a median Saver return fare and local transport of £50 pp and accommodation / subsistence of £45 per day. We have included some allowance for inflation, since the symposium will continue until July 2006. It is assumed that support will be provided for 35-40 UK participants, that is, about three quarters of the total estimated number. We shall not restrict the UK participation to people named above and to try to accommodate any interested UK mathematician. We want to emphasize that the Warwick MRC runs an Open House policy. We shall supplement this amount by using the MIRAW Visitors Fund, the MRC Visitors Fund and by applying for further funds.

Outreach fund

The fixed amount of £2,500 will be used to cover expenses incurred by participants who visit other UK universities. In particular, this fund will cover visits to the workshop on Turbulence in Hull and to attend short events and to give seminars at other UK institutions. This programme has been much appreciated in the past as an important way for our symposia to enrich the mathematical life of the UK.

Overseas participants

A sum of £37,800 is requested to support in part the accommodation and subsistence costs of overseas participants. This has been calculated assuming that 56 participants (approximately three quarters of all the overseas attendees) will attend each for a total of 15 days at a subsistence rate of £45 per day.

Additional Direct Costs

The Mathematics Research Centre (MRC) is the organisation that coordinates and administers the visitors programme in the Mathematics Department at Warwick. It is vital for the success of the symposium that the substantial extra administrative and secretarial work it generates is adequately covered. Thus the main additional cost is providing appropriate administrative and secretarial help. Also the symposium will generate significant extra costs for computing consumables, printing, photocopying, postage and telephones.

Other staff costs

We are applying for 75% of the salary for 1 year of a full-time business manager who is on CG 4.6 at £20,252 per annum including NI/Sup. This is the key administrative position without which we would not be able to run the symposium. The job requires initiative and carries with it a great deal of responsibility. The importance we attach to this position can be measured by its high grading. The business manager will carry out the following administrative and clerical tasks.

· Servicing the meeting throughout the year and providing clerical support for the directors of the MRC.

· Arranging and scheduling accommodation, negotiating with landlords and hotels, managing the MRC houses.

· Organisation and administration of the symposium and workshops within the symposium.

· Processing claims for travel and subsistence expenses, arranging payments to visitors.

· Budgets, accounts, records and record keeping.

· Care for visitors during their stay at Warwick.

Consumables

The visitors will have free access to the computing, photocopying and printing facilities in the mathematics department. The computer usage generates additional costs for floppy disks, printer cartridges and software expenditure. Usage by visitors during their stay and the organisation and administration of the symposium will lead to extra use of printing and photocopying facilities, considerably contributing to wear and tear in addition to copy costs. We are applying for a contribution towards all these costs.

Exceptional costs

The visitors will have free access for business use to the postage and telephone facilities in the mathematics department. The organisation and administration of the symposium will lead to the extra use of these facilities as well. We are applying for a contribution towards these costs.

Budget Summary
The total budget of £98,775 splits as follows.

· Living expenses for overseas visitors: £37,800

· Travel expenses for overseas visitors: £13,549

· British visitors: £20,000

· Outreach Fund: £2,500

· Consumables: £2,000

· Postage and telephones: £750 

· Staff costs: £15,189

· Indirect Costs: £6,987

Duration of the budget

The main activity of the proposed symposium, including several major workshops, will take place during the year September 2005 to July 2006. Several smaller scale workshops and visits by individuals are envisaged in the two years to Aug 2008 as follow-up activities. These activities will ensure that the results of the symposium can be properly analysed and disseminated, and that the results of collaboration initiated during the proposed symposium are written up and fully exploited. It will also allow us to form a balanced view of subsequent developments in the area, and to integrate it into the report on the symposium.

PAGE  
4

