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The following is a Xerox of an article:

 Caramana, et al, “The Construction of Compatible Hydrodynamics Algorithms Utilizing Conservation of Total Energy”, J Comp. Phys. [146], 227-262 (98).

I think that an interesting test kernel would be to use eq. 7 to update the velocity and then to use eq. 12 to update the specific internal energy.  This should be done in xy Cartesian geometry.  I further believe that it is sufficient to use the initial values to do a predictor time step to the half time level.  This means that the geometry going into the force calculation is the same for evaluating equations 7 and 12.  For the test problem, use a gamma law EOS for the pressure:


P = ( ( - 1) ( e

For a test problem, I propose the free expansion of an infinitely long cylinder of gas initially of radius 1.0 into a vacuum.  I propose that the axis of the cylinder intersect the xy plane at the origin ( 0.0 , 0.0 ).  The article describes a Lagrangian hydro scheme whose mesh moves with the gas.  I propose that the test kernel model that part of the cylinder contained in the first quadrant.  Let the mesh consist of 4 equally spaced cells in the angular direction and 10 equally spaced cells in the radial direction (giving a mesh of 40 cells).  The cell sides are all straight line segments.  I propose that the initial density and specific internal energy be 1.0; i.e. e = (= 1.0.  I further propose the test problem use of a gamma 5/3 gas. (( = 5/3), and the initial velocities be ( 0.0 , 0.0 ).  At the end of the predictor step, one should find that only the vertices of the outer shell should have a small velocity directed radially away from the origin.  Similarly all specific internal energies of the outer most cells should decrease very, very slightly.  In order to completely specify the problem, let the initial time step be 0.01, so dt=0.005 for the predictor time step.  

The problem is subject to the following boundary conditions:  Points on the x-axis are constrained to move along the x-axis and their velocity in the y direction must be zero.  The points on the y-axis are constrained to move along the y-axis and their velocity in the x direction must be zero.  Furthermore, none of the cell verticies at on the origin ( 0.0 , 0.0 )  are allowed to move at all.

The corner forces going into the velocity update and the energy update are all calculated based upon the initial geometry of the test problem.  

(One might consider  using the velocity update to update the coordinates which would have then updated all the cell volumes and face areas, density, etc—fortunately this complexity is not in the model.)

The test problem contains a number of interesting "features" of the hydro that we modeled using a fine mesh to contain subcell information.  It makes use of cell centered, vertex centered, and face centered arrays.  Missing are the edge centered arrays; however, in our implementation of the geometry calculations, we also made use of edge centered arrays.  In other words, this test problem requires the use of arrays having more than one size as well as different centerings.  No matter how it is coded, it contains lots of special cases which we took care of in “R1” by using “NDIndexes.”  The kernel can be handled without resorting to scalar code.

A kernel for scalar code is the edge based artificial viscosity of Caramana et al “Formulations of Artificial Viscosity for Multi-Dimensional shock Wave Problems”, J Comp. Phys. [144], 70-97 (98).  We coded ( (eq 25) in parallel.  The rest of calculation should make as much use as possible of :  (1-() .ne.0.0 and  (v ( S > 0  on an edge to avoid unnecessary work when f=0.0 (eqs 21 and 22).

The cylindrical Noh problem would be used for a test problem.  It uses the same mesh that was used for the free expansion.  The boundary conditions are the same as before.  Again one needs only to calculate the predictor value for “f”.  The problem has (=1, e=0, (=5/3.  The velocities are all directed radially inward with a velocity magnitude of 1.0 except for the vertices at the origin where all velocities are ( 0.0 , 0.0 ).  At the end of the predictor step, “f” vanishes on all cell edges except for those with one end on the origin.
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