New Algorithms for Stability Analysis in Complex Systems

The “Linear and Nonlinear Analysis for System Design” project funded by the Mathematics, Information and Computational Science program has created the capability to directly locate and track the point where a physical system abruptly loses stability, e.g., an ignition point in combusting systems. This is called a turning point bifurcation, and it occurs at the particular parameter value where the sensitivity (or Jacobian) matrix governing the system’s response to small perturbations has a zero eigenvalue.  Our algorithm doubles the number of equations that must be solved simultaneously, which for three-dimensional fluid flow problems is already between 105 and 106. But this expense is well worth it because the location of the turning point is often the crucial piece of information needed in system design.  The algorithm has been implemented to work with massively parallel simulation codes, and has been used to identify feasible designs for the scale-up of a Chemical Vapor Deposition (CVD) reactor.  (Contact: Andrew Salinger, Sandia National Laboratories, Albuquerque, NM 87185-1111, agsalin@cs.sandia.gov)
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This figure shows a plot of the turning points in a CVD reactor as a function of the Rayleigh number and the Reynolds number.  This plot can be used for CVD reactor design.  The undesirable flow show in the upper left insert can occur at operating points between the two curves.  The desirable flow shown in the lower right occurs at operating points below the bold curve.  

�





�








