International Conference on Analysis and Geometry

August 30 – September 3, 1999, Novosibirsk, Russia

Abstracts

Meirmanov, Anvarbek, Universidade da Beira Interior, Covilh, Portugal; email: meirman@ubisth.pt Weak and Classical Solutions for the Hele–Shaw Problem The first topic of this talk is a method of constructing solutions to well-posed Hele-Shaw problems with general boundary conditions on the given boundary. Under minimal restrictions on the boundary and initial data, this method permits us to prove the existence of a weak solution. It also yields a comparison theorem for solutions, a theorem about the continuity of a solution with respect to boundary and initial data, and some estimates for BV –solutions.

Another topic is the study of global-in-time classical solutions to well-posed free boundary problems for the Hele-Shaw flow in two dimensions.

Earlier, weak solutions to well-posed Hele-Shaw problems were studied using variational inequalities by many authors (see, e.g., [1,2,3]; for details, consult [4,5]).

Locally in time, the classical solvability of the Hele–Shaw problem was established in [6] for analytic solutions in strip-like domains with analytic initial data and later in [7] for the Laplace equation with timeindependent given data in arbitrary domains.

The principal difficulties in the study of global solvability originate in the very nature of the problem. In a solution to the Hele–Shaw problem, the pressure of the liquid in the unknown domain depends on time as a parameter — yet, the first energy estimates do not guarantee its smoothness with respect to time. Local smoothness in spatial variables may be lost near the free boundary. Because of these difficulties, the global-in-time classical solvability is proved only for domains with special geometry (strip-like or star-shaped ones) and only under the Dirichlet condition on the known boundary (where the given pressure depends only on time).

Work supported by project PRAXIS XXI 2/2.1/MAT/53/94 “Modelos Matemáticos com Fronteiras Livres”.

References [1] C. M. Elliott, V. Janovsky. A variational inequality approach to Hele-Shaw flow with a moving boundary. Proc. Roy. Soc. Edinburgh, 88A:93–107, 1981.

[2] B. Gustafsson. Applications of variational inequalities to a moving boundary problem for Hele-Shaw flows. SIAM J. Math. Anal., 16:179–300, 1985.

[3] B. Louro, J. F. Rodrigues. Remarks on the quasisteady one-phase Stefan problem. Proc. R. Soc. Edinb., 102A:26–27, 1986.

[4] C. M. Elliot, J. R. Ockendon. Weak and Variational Methods for Moving Boundary Problems. Pitman, Boston, 1982.

[5] S. D. Howison, A. A. Lacey, J. R. Ockendon. Singularity development in moving-boundary problems. Quart. J. Mech. Appl. Math., 38:343–360, 1985.

[6] A. Meirmanov. On a justification of the Boussinesque hydraulic equation. Dinamika Sploshnoi Sredy, 43:169–172, Novosibirsk, 1979.

[7] J. Escher, G. Simonett. Classical solutions of multidimensional Hele-Shaw models. SIAM J. Math. Anal., 28 (5):1028–1047, 1997.