MATHEMATISCHES FORSCHUNGSINSTITUT OBERWOLFACH
Tagungsbericht 30/1987

Mathematische Probleme in Stromungen und Plasmen

12.7. bis 18.7.1987

Die Tagung stand unter der Leitung von Herrn Kirchgassner (Stvnttgan) und Herrn
Marsden (Berkeley). Es nahmen teil 46 Mathematiker und Physiker, davon 15
deatsche. Die wichtigsten Themen waren:

1. Hamiltonsche Beschreibung von Strémungen, insbesondere Wirbeltransport,
nichtlineare Stabilitat.

2. Dynamische Systeme und Turbulenz. Hier besonders: homokline Verzwei-
gung darch exponentiell kieine Durchdringung von stabiler und instabiler
Mannigfaltigkeit, nichtlineare Wellen, Stabilitit und resonante anflere Kraf-
te.

3. Transonische Str&mungen,eine neue variationelle Formulierung und Numerik
hierzu.

4. Bifurkation und Symmetriebrechung, besonders am Beispiel der Couette-
Taylor Instabilitait. Im Mittelpunkt standen die Hopf-Bifurkationen bei
vorhandener O(3)-Symmetrie. Ferner wurden behandelt neue Methoden zur
Bestimmung von Normalformen nichtlinearer Vektorfelder.

Folgende Personen hielten Hauptvortrige (in zeitlicher Reihenfolge):

Busse (Bayreuth), Golubitsky (Houston), Bemelmans (Saarbriicken), Amick (Chi-
cago), Pulvirenti (I'Aquila), Marsden (Berkeley), Newell (Tucson), Batt (Min-
chen), Tasso (Garching), Marchioro (Rom), Ne¢as (Prag), Feistauer (Prag).
Seminare @iber Spexialthemen wurden veranstaltet von:

looss (Nizza), Stewart (Warwick): Symmetriebrechung und Bifurkation

Turner (Madison), Wan (Buffalo): Nichtlineare Wellen

Heywood (Vancouver), v. Wahl (Bayreuth): Navier-Stokes

Here V() is the Levi-Civita connection of m(j), R(j) is the Ricéi tensor of m(j)
represented as an operator by m(j) and A(j) is the Laplacian given by m(J).
X(t) € 'TR with div,;) X(t) = 0. F is well defined.

F.H. BUSSE: The Optimum Theory of Turbulence

The main goals and methods of the optimum theory of turbulence are reviewed
and a new application is outlined. Through the derivation of bounds on average
properties of turbulent fluid flows rigorous results can be obtained in contrast
to other theories of turbulence which must rely on additional assumptions. The
extremalizing vector fields- derived as solutions of the variational problems not
only provide the upper bounds, but exhibit some interesting properties which can
be compared with observed turbulent fluid flow. The newly treated case of an
internally heated sphere is described as an application of the theory to a problem
with a finite domain. The results of the Optimum Theory could be improved by
the imposition of additional integralrelationships (moments) of the basic Navier-
Stokes- Equations. Using additional constraints one could also introduce time-
dependence into the formulation of the variational problems.

P. J. MORRISON: Sufficient and "Necessary” Free Energy Conditions
for Stability

There exist a large number of sufficient conditions for the stability of ideal fluid
and plasma systems, which depend upon the positive definiteness of some quadra-
tic form. Usually it is believed that these conditions yield no information when

indefinite. I argue tl::c—gntury. Equilibria away from thermodynamic equilibrium,
such as those with mean flow in fluids or bumpy distribution functions in kinetic
theory, possess free energy that may not be tapped by the ideal linearized equati-
ons. Expressions for the change in free energy upon perturbation from equilibrium
can be obtained. If such an expression is definite, stability is proved by Liapunoy’s
theorem. If the expression is indefinite then there are two possibilities: 1) spectral
instability or 2) spectral stability with negative energy modes. We argue via ex-
amples that the later case is generically unstable to infinitesimal perturbations,
due to nonlinear effects, or to the inclusion of appropriate dissipation mechanisms.
In this sense the free energy condition is necessary and sufficient for stability. This
very general idea we call the free energy principle.
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