Exercise 6

Gravitational Instability

Astronomy G9001, Mac Low

· Read Flash User’s Guide Chapters 5, 7, 8, 9.1, 12, 15.2, and 18.2.1, as well as any other chapters that strike you as interesting (or useful). 
· In this exercise, we will use Flashcode to compute gravitational collapse from a slightly perturbed initial condition.  To begin, let me remind you of the basic formulae determining gravitational collapse scales.
· Free-fall time
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· Jeans mass
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· Truelove et al. 1997 criterion for resolution:  J = (x / λJ < 0.25

· We can use the Jeans instability test problem as a template for our (rather simpler) problem.  Our goal is to set up:
· a 3D cube with uniform pressure and
· random density perturbations of a specified amplitude in each zone at a background resolution defined by the minimum refinement
· with several Jeans masses on the grid (this will require computing your Jeans mass and setting the size of the grid large enough.  Flash works in cgs units by default, so G = 6.67 ( 10-8 unless you change it)
· You will need to create a new problem directory, and create Config, flash.par, and init_block.F90 in that directory, as well as a replacement for the refinement marking routine ref_marking.F90.  Use the Jeans instability files as prototypes.  
· Mostly what needs to be done to init_block.F90 is to cut out the machinery for setting up Fourier modes, and then add a random number generator.  Note that we are now working in F90 rather than F77, so the random number intrinsic changes.
· ref_marking.F90 needs to be modified more heavily.  It currently compares the error function on parent and child nodes of the AMR tree using MPI calls, as well as refining on maximum density.  The MPI calls (and include mpif.h) can be cut along with all the error machinery.  Instead, compute and refine on the Truelove criterion given above.  You’ll need to compute the largest Jeans number in each block, and then decide whether to refine or derefine based on that.  Use the original Jeans version as a model for how to mark refinement.  You may want to use the module physical_constants to call in Newton and pi.
· You’ll need to run for several free-fall times, with several hundred Jeans masses on the grid.  Start out with a minimum refinement level of 3 and a maximum of 7 (initial grid of 323).  This will run in moderate time, though it is so low resolution that the large-scale structure will be decidedly square (filaments crossing at right angles).  Use a value of gamma << 4/3 (eg 1.05) to ensure fragmentation.
· Here’s an obscure step: you will need an additional three files (see section 15.2.3.2), which I’ve downloaded from Tokyo and left at Columbia in ~mordecai/flash-template/fft. The files there need to be moved to your flash source/solvers/poisson/multigrid/fftcg subdirectory at the NCSA.  Why?  Historical reasons, apparently, judging from the README file in that subdirectory (whose disagreement with the manual suggests the history…)
· When you have all your files in the proper directories on modi4 (a subdirectory of the problems directory) you can use setup [problem] –3d –auto to preprocess the code and gmake –j n  to compile. Note that you will get some warning messages from hdf routines, which you can (probably) safely ignore.
· Even at the above suggested refinement levels, this will use more than 0.5 Gb of memory, so it will need to be run in a batch queue.  Adapt your batch file from the ZEUS run file.  Try giving it about 2 Gb of memory and 30 minutes to an hour.  Turnaround seems to be decent in that queue.
· Be sure to go through all five files (Config, flash.par, ref_marking.F90, init_block.F90, batch-file) to look for other things that might need to be changed – I’ve given some hints above, but by no means an exhaustive description of what needs to be done.  In case of doubt, I’ll be reading my email… but don’t leave it until the last minute!
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