Exercise 3

Blast Waves in Multiple Dimensions

Astronomy G9001, Mac Low

For the analytic part of this exercise:

· Repeat Sedov’s dimensional analysis for a stellar wind bubble, noting that the energy of the explosion can be replaced by the mechanical luminosity of the stellar wind 
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For the numerical part of the exercise we will return to the blast wave problem that we considered in the first exercise, and examine it more closely.  We’ll also modify it as an introduction to modifying the source code of ZEUS using EDITOR.

I have left a setup block called blast.ab in the usual directory ~mordecai/z3_template. It uses the built-in problem generator blast to set up a hydrodynamic blast wave in cylindrical coordinates on a 50 x 50 grid extending from 0 to 1 in R and Z  (so only one quadrant is actually computed).  The initial condition is a sphere about five zones in radius filled with low density, high energy gas.  (Five zones is about as small as a circle can be set up on a square grid without getting really bad distortions). 

· Begin by reading through blast in zeus34 and understanding what it does.

For the first exercise, run this problem at the given resolution, and some higher resolutions.  (Reset the initial sphere to a size of about five zones at each resolution.) Note how long it takes at each resolution.  

· Predict how much more CPU time higher resolution runs will take 

· Compare to your results and discuss.  (Note that the log file zl01ab gives this information at the end of the run.)

· Discuss the qualitative differences seen at higher resolution.  

· Compare the quantitative shock radius and density jump to theory at different resolutions. (Note that the blast wave energy is E=e0 V*prat, where e is the ZEUS internal energy variable, and V is the volume of the source region.)

Now try reducing gamma from 5/3 to 1.1 and compare high resolution runs.  Note the qualitative differences, and explain them.  

· How does the quantitative density jump condition behave at low gamma, compared to theory?

Finally, instead of using a uniform background atmosphere, introduce an isobaric exponential atmosphere (That is, exponentially declining density at constant pressure).  To do this, set up a change deck to be read by your setup block (which currently is looking for the file chgz34).  

In chgz34, write a script using EDITOR commands *delete (or *d) and *insert (or *i) to replace or insert lines in the source code. Use the (132-column) file zeus34.n in my directory to find line numbers and deck names.  The format is *d routine.xx[,yy]  to delete line xx [to yy] and replace it [them] with the following line[s] of code in the change deck, and *i routine.xx to insert the following lines of code below line xx.  In zeus34.n, there are several different line numbers.  The correct ones are the consecutively increasing ones in the last column of numbers (starting at 1 in each deck, denoted by *dk).  For an example of a change deck, look at fixes34.  You will only need to change a few lines in the blast subroutine to change the background atmosphere.

Include at least two scale heights of the atmosphere on the grid.  You may wish to modify the grid to include more, either by increasing its Z height, or even by using a ratioed grid or a section of ratioed grid.

· Run blast waves at gamma = 5/3 and 1.1 in the modified atmosphere, and discuss the results.  Does resolution change the result?
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