
Hydrodynami Simulations of Expanding ShellsThe Gravitational InstabilityRihard W�unsh (rihard.wunsh�matfyz.z), Jan Palou�sand So�na Ehlerov�aAstronomial Institute, Aademy of Sienes of the Czeh RepubliAbstrat.We are working on the 3D numerial model of an expanding self-gravitatingshell using the ZEUS hydroode. The goal is to resolve instabilities in the wall ofthe shell. Simulations should verify previous studies of gravitational instabilities ofan expanding shell using the thin layer approximation. Linearized equations weresolved by Elmegreen (1994) who obtained riteria for the shell instability. In theinitial period of the evolution the shell is gravitationally stable due to strethingonneted to the fast expansion. Later, when it deelerates, the gravity starts tobe important. During its subsequent supersoni expansion the aumulation of theambient medium may trigger gravitational instability and fragmentation. We areinterested in the mass spetrum of fragments whih may be ompared with theobserved mass spetrum of the giant moleular louds and with the stellar initialmass funtion.1. The gravitational instability of the expanding shellThe dynamis of the expanding bubble was desribed by Weaver et al.(1977) and many other authors. We are interested in the later periodof the expansion, when gravitational instabilities may our.The Elmegreen's formula for the perturbation growth rate an beused to derive the mass spetrum of expanding shell fragments, Palou�set al. (2002). It an be approximated with the power law dN=dm �m��, where � := 2:35 at the high mass end, whih is very lose to themass spetrum index of the stellar IMF. Fig. 1 (left) shows the massspetrum of the expanding shell ompared to the spetra obtained indi�erent models disussed in Palou�s et al. (2003).2. Hydrodynami simulationsWe develop the 3D numerial model of an expanding self-gravitatingshell using the ZEUS hydroode (Stone & Norman, 1992). It is the3D seond-order aurate Eulerian ode based on the method of �nitedi�erenes and it works in both Cartesian and spherial oordinates.We have implemented the new ooling routine, whih uses more seureBrent's algorithm (e. g. Press et al., 1992) for the root �nding. The 2002 Kluwer Aademi Publishers. Printed in the Netherlands.
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Figure 1. Left panel: The mass spetra. The sale-free instability (growth rateof the fragments does not depend on their mass) and the Jeans ollapse yield thespetrum index � = 2:0, while spetra obtained from the areting massive sheetand the expanding shell are harder (� = 2:25 and � = 2:35). Right panel: 3Dhydrodynami simulation of expanding shell in Cartesian oordinates.Poisson solver is based on the Dynami Alternating Diretion Impliit(DADI) method, whih is the method originally used in the ZEUS, butits implementation is new (it will be desribed elsewhere).The model has suessfully passed tests based on the analytial so-lution and previous simulations. Currently we run �rst omputations,where fragments should our. The aim is to obtain their mass andompare it to the analytial solution and to observations.AknowledgementsThis work is supported by the Grant Ageny of the Aademy of Si-enes of the Czeh Republi under the grant No. K1048102. R. W�unshgratefully aknowledges the support of his partiipation at the JENAMonferene by the WS-ISM LOC.ReferenesElmegreen, B. G., 1994, ApJ, 427, 384Palou�s, J., Ehlerov�a, S., W�unsh, R., 2002, in The Evolution of Galaxies III - FromSimple Approahes to Self-onsistent Models, eds. G. Hensler, G. Stasinska, S.Harfst, P. Kroupa, Ch. Theis, Kluwer Aademi Publishers, in pressPalou�s, J., W�unsh, R., Ehlerov�a, S., 2003, MNRAS, in preparationPress, W. H., Teukolsky, S. A., Vetterling, W. T., Flannery, B. P., 1992, in NumerialReipes in C, Cambridge University Press, Chapter 9.3Stone, J. M., Norman, M. L., 1992, ApJ, 80, 753Weaver R., MCray, R., Castor, J., Shapiro, P., Moore, R., 1977, ApJ, 218, 377
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