New Capabilities for Stability Analysis

A scalable algorithm for determining the linear stability of steady-state incompressible flows have been successfully implemented and used to guide the design of an important engineering system. This capability has been demonstrated on problems of up to 4 million unknowns running on 1024 processors. The linear stability problem is formulated as a generalized eigenvalue problem by linearizing the partial differential equations around the steady state solution. A sophisticated eigenvalue analysis algorithm, based on Arnoldi’s method and using a novel implementation of the Cayley transformation, is used to locate the selected eigenvalues of the system. If any eigenvalues have positive real parts, then the solution is unstable.

This algorithm has been applied to the flow in a rotating disk reactor, which is used for growing thin films of lasers and semiconductors. The solution of a three-dimensional flow and heat transfer model shows that a desirable flow pattern is established in the reactor for a large range of designs, as parameterized by the Grashof number. However, linear stability analysis revealed that this flow pattern becomes unstable to oscillatory disturbances as the Grashof number increases past 14500. A reactor operating at conditions where the desirable flow is unstable would not produce quality materials, and so reactors must be designed to operate below this stability limit.  Mesh convergence studies of up to 4 Million unknowns confirm this result.  

A paper with these results has been submitted to the International Journal of Numerical Methods in Fluids.  For more information, please contact Andrew Salinger (agsalin@cs.sandia.gov) or Rich Lehoucq (rlehoucq@sandia.gov).
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Figure 1: This figure shows the results of a linear stability analysis of the steady 3D flow and heat transfer in the rotating disk reactor. The evolution as a function of parameter of the 3 rightmost eigen pairs in the complex plane show that stability is lost near Gr=14500 as a pair of eigenvalues cross into the positive real plane.
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Figure 2: This figure shows a representative three-dimensional steady flow in the rotating disk with streamlines.  The linear stability analysis of this desirable flow solution indicates that it is unstable for reactors designed to operate above a critical parameter value\ of Grashof Number=14500.








