Reliable Modeling Using Interval Analysis:

Chemical Engineering Applications

Mark A. Stadtherr Department of Chemical Engineering University of Notre Dame 182 Fitzpatrick Hall Notre Dame, IN 46556 USA

Chemical engineers often deal with nonlinear models of complex physical phenomena, on scales ranging from the macroscopic to the molecular. Frequently these nonlinear models occur in process engineering problems requiring nonlinear equation solving and/or optimization. The reliability with which these problems can be solved is often an important issue. For example, in process optimization a consistent issue concerning reliability is whether or not a global, as opposed to local, optimum has been achieved. In process modeling, especially with the use of highly nonlinear models, the issue of whether a solution is unique is of concern, and if no solution is found, of whether there actually exists a solution to the posed problem. For some problems, the model may have multiple solutions and all must be found, with no a priori knowledge of the number of solutions that exist. Methods based on interval analysis provide the power to solve these problems reliably, in fact with mathematical certainty.

In recent years, interval-Newton-based methods have begun to be used for the reliable solution of chemical engineering problems such as:

(1) phase stability analysis using excess Gibbs energy models (Stadtherr et al., 1995; McKinnon et al., 1996; Tessier et al., 2000) and cubic equation of state models (Hua et al., 1996, 1998),

(2) computation of homogeneous azeotropes (Maier et al., 1998) and reactive azeotropes (Maier et al., 2000),

(3) computation of mixture critical points (Stradi et al., 2001),

(4) computation of solid-fluid equilibrium (Xu et al., 2000) and

(5) parameter estimation in vapor-liquid equilibrium models (Gau et al., 2000).

In each case, the interval methodology is used to deal rigorously with issues of multiple (or no) roots in nonlinear equation solving problems or issues of multiple local extrema in optimization problems.

In this presentation, the focus will be on some new applications of interval methods to solve nonlinear modeling and optimization problems in chemical engineering. Of particular interest are (1) some relatively large dimension problems (largest with 264 variables) arising from parameter estimation using the error-in-variables approach and (2) some molecular-scale problems arising in density functional theory and in statistical associating fluid theory. Improvements in the methodology used to solve these problems will also be discussed.

References

[1] C.-Y. Gau, J. F. Brennecke, and M. A. Stadtherr, “Reliable parameter estimation in VLE modeling”, Fluid Phase Equilib., 2000, Vol. 168, p. 1.

[2] J.-Z. Hua, J. F. Brennecke, and M. A. Stadtherr, “Reliable prediction of phase stability using an interval-Newton method”, Fluid Phase Equilib., 1996, Vol. 116, p. 52.

[3] J. Z. Hua, J. F. Brennecke, and M. A. Stadtherr, “Enhanced interval analysis for phase stability: cubic equation of state models”, Ind. Eng. Chem. Res., 1998, Vol. 37, p. 1519.

[4] R. W. Maier, J. F. Brennecke, and M. A. Stadtherr, “Reliable computation of homogeneous azeotropes”, AIChE J., 1988, Vol. 44, p. 1745.

[5] R. W. Maier, J. F. Brennecke, and M. A. Stadtherr, “Reliable computation of reactive azeotropes”, Comput. Chem. Eng., 2000, Vol. 24, 1851.

[6] K. I.-M. McKinnon, C. G. Millar, and M. Mongeau, “Global optimization for the chemical and phase equilibrium problem using interval analysis”, In: C. A. Floudas and p. M. Pardalos (eds.), State of the Art in Global Optimization: Computational Methods and Applications, eds. Kluwer Academic Publishers, Dordrecht, The Netherlands, 1996.

[7] M. A. Stadtherr, C. A. Schnepper, and J. F. Brennecke, “Robust phase stability analysis using interval methods”, AIChE Symp. Ser., 1995, Vol. 91, No. 304, p. 356.

[8] B. A. Stradi, J. F. Brennecke, J. p. Kohn, and M. A. Stadtherr, “Reliable computation of mixture critical points”, AIChE J, 2001, Vol. 47, p. 212.

[9] S. R. Tessier, J. F. Brennecke, and M. A. Stadtherr, “Reliable phase stability analysis for excess Gibbs energy models”, Chem. Eng. Sci., 2000. Vol. 55, p. 1785.

[10] G. Xu, A. M. Scurto, M. Castier, J. F. Brennecke, and M. A. Stadtherr, “Reliable computation of high pressure solid-fluid equilibrium”, Ind. Eng. Chem. Res., 2000, Vol. 39, p. 1624.