
Hydrodynami
 Simulations of Expanding ShellsThe Gravitational InstabilityRi
hard W�uns
h (ri
hard.wuns
h�matfyz.
z), Jan Palou�sand So�na Ehlerov�aAstronomi
al Institute, A
ademy of S
ien
es of the Cze
h Republi
Abstra
t.We are working on the 3D numeri
al model of an expanding self-gravitatingshell using the ZEUS hydro
ode. 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 stret
hing
onne
ted to the fast expansion. Later, when it de
elerates, the gravity starts tobe important. During its subsequent supersoni
 expansion the a

umulation of theambient medium may trigger gravitational instability and fragmentation. We areinterested in the mass spe
trum of fragments whi
h may be 
ompared with theobserved mass spe
trum of the giant mole
ular 
louds and with the stellar initialmass fun
tion.1. The gravitational instability of the expanding shellThe dynami
s of the expanding bubble was des
ribed by Weaver et al.(1977) and many other authors. We are interested in the later periodof the expansion, when gravitational instabilities may o

ur.The Elmegreen's formula for the perturbation growth rate 
an beused to derive the mass spe
trum 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, whi
h is very 
lose to themass spe
trum index of the stellar IMF. Fig. 1 (left) shows the massspe
trum of the expanding shell 
ompared to the spe
tra obtained indi�erent models dis
ussed in Palou�s et al. (2003).2. Hydrodynami
 simulationsWe develop the 3D numeri
al model of an expanding self-gravitatingshell using the ZEUS hydro
ode (Stone & Norman, 1992). It is the3D se
ond-order a

urate Eulerian 
ode based on the method of �nitedi�eren
es and it works in both Cartesian and spheri
al 
oordinates.We have implemented the new 
ooling routine, whi
h uses more se
ureBrent's algorithm (e. g. Press et al., 1992) for the root �nding. The
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Figure 1. Left panel: The mass spe
tra. The s
ale-free instability (growth rateof the fragments does not depend on their mass) and the Jeans 
ollapse yield thespe
trum index � = 2:0, while spe
tra obtained from the a

reting 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 Dire
tion Impli
it(DADI) method, whi
h is the method originally used in the ZEUS, butits implementation is new (it will be des
ribed elsewhere).The model has su

essfully passed tests based on the analyti
al so-lution and previous simulations. Currently we run �rst 
omputations,where fragments should o

ur. The aim is to obtain their mass and
ompare it to the analyti
al solution and to observations.A
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