Exercise 2

Shocks, Modification of ZEUS, Resolution, and Order of Method

Astronomy G9001, Mac Low

For the analytic part of this exercise, use the shock jump conditions:
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to derive the ratio of densities across the shock in terms of the preshock Mach number M=v1/cs, where cs2=γP/ρ.  Show that when M becomes large, ρ2/ ρ1=(γ+1)/(γ-1).
For the numerical part of this exercise, we will modify ZEUS a little.  Modifications of ZEUS use two files: the setup block, and the change deck.  The setup block changes everything except actual lines of code, while the change deck makes whatever changes are necessary for the particular problem.

I have placed a simple setup block and change deck combination in ~mordecai/z3_template, in files shock.aa and chgshk.  The setupblock is a segment of csh shell script, and follows standard conventions (including the use of $ to give the value of variables). To use these files:

· Copy chgshk to the magic name chgz34 (or alternatively edit the file chgzeus during compilation to change the name chgz34 in the read statement)

· Compile using the command zcomp shock.aa
· Copy the resulting xzeus34 and inzeus to an execution directory, and run as we did last week

The problem I have set up initially is a supersonic flow running into a reflecting boundary.  The reflecting boundary condition is set in shock.aa, in the namelist oib, (outer i boundary)  the inflow boundary is set in namelist iib, and the rest of the problem is set up in the change deck, which defines the standard problem namelist pgen. Note that the inflow boundary and the problem generator have to be set self-consistently.

This exercise is in two parts.  In each case, report your results.  You’ll probably want to use variations on the IDL plot and oplot commands.  Look at the keywords they will take to play with line type and thickness, plot titles, plot symbols.  In particular, using negative values of psym plots both symbols and line, useful for showing the location of individual zones.

1. Use this setup to examine the consequences of changing:

· Flow velocity.  Check how well the shock jump conditions are satisfied for a few different values. Watch out for wall heating in evaluating the jump conditions.

· Resolution.  Modify the resolution in shock.aa to a large value (eg 10,000).  So long as the values in inzeus remain smaller, they can take whatever value you want (the setup block declares the maximum array sizes, while the input deck sets the actual loop limits.)  Try a series of factor 2 increases in resolution.  Does it make any difference to the accuracy of the shock?

· Artificial viscosity (qcon in namelist hycon).  Roughly gives the width of the shock in zones.  Try a broad range (but don’t be surprised if the code crashes for values much under two).  How does changing artificial viscosity change accuracy of jump conditions?

· Courant number. (courno in namelist hycon).  Again, could lead to numerical instability.  What happens when it does?

2. Now modify the setup to initialize one or two cycles of an advecting, isobaric, sinusoidal density perturbation on a periodic grid. Consult the ZEUS manual as necessary.  The ZEUS energy variable e(i,j,k) is internal energy density (Unless the macro TOTAL_ENERGY is set).  Notice that this solution should remain constant indefinitely in the absence of numerical error.  Advect the perturbation several times across the grid and observe if it changes. Try to quantify any changes. What happens if you vary:

· Resolution.

· Order of method used (namelist hycon).  How does changing order change the effects of resolution? 

· Flow velocity.  Try subsonic and supersonic values. (cs2=γ(γ-1)e/ρ, where γ is set in namelist eqos)
Here is one of the IDL phrases I introduced in the lecture:

for i=1,30 do begin & $

  a=sin(findgen(10000.)) & $ 

  hdfrd,f=’zhd_’+string(i,form=’(i3.3)’)+’aa’,d=d,x=x & $

  plot,x,d[4].dat & end
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