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Abstract

In optimizing the iteration parameters of the SIMPLE numerical procedure, a genetic algorithm (GA) that searches for a minimum
calculation time in a space of iteration numbers was developed. A methodology has been presented for the numerical solution of
natural convection in a squeezed cavity at Rayleigh numbers of 106. A double-staggered-grid numerical method which leads to
generalization of the SIMPLE-like method for external and internal problems was used to optimize the iteration parameters for
a single grid. The momentum equation was treated by the successive overrelaxation and the Gauss-Seidel methods. The pressure
correction equation was solved by the conjugate gradient method with an incomplete factorization preconditioner. The temperature
equation was solved by the bi-conjugate gradient-stabilized method with incomplete factorization preconditioner.
© 2010 IMACS. Published by Elsevier B.V. All rights reserved.
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1.  Introduction

Since 1972, when Patankar [14] successfully developed the SIMPLE method, several variants of SIMPLE have been
proposed, to improve the convergence rates. Progress of an effective iterative solution of a linearized momentum-mass-
energy system depends heavily on the set of iteration parameters and the iterative procedures of the system of linear
equations. In the context of values of iteration parameters of computational methods it is appropriate to refer to the
iterative method for solving the unsteady viscous flow equations, according to Fletcher [8], p. 169: “Possibly the delicate
point of the method lies in the choice of parameters, since the number of iterations necessary to reach convergence is
very sensitive to this choice.” The number of iterations, the relaxation factors and the iteration parameters are generally
chosen on the light of numerical experiments or published recommendations.

In most studies it is emphasized that the SIMPLE method has a slow convergence rate, even though Cartesian co-
ordinates are used. Attempts to enhance the convergence properties of the SIMPLE method in general coordinates may
be divided into two parts: enhancement of the approximation of momentum-mass-energy equations, which includes
approximation of cross-derivatives and use of enhanced linear algebraic methods; followed by choice of the set of
iteration parameters. Lehnhäuser and Schäfer [12] used an approximation of the pressure derivatives based on a multi-
dimensional Taylor expansion and they discussed the problem associated with of the pressure-correction equation. Yen
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