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HYBRID RELAXATION — A TECHNIQUE TO
ENHANCE THE RATE OF CONVERGENCE OF
ITERATIVE ALGORITHMS

R. Marek and J. Straub
Institute A for Thermodynamics, Technical University of Munich,
Arcisstrasse 21, W-8000 Munich 2, Germany

In solving multidimensional transient fluid flow and heat transfer problems, the strongly
coupled conservation laws of mass, momentum, and energy require segregated iterative
procedures. Derived from the SIMPLE algorithm, the fully explicit iteration scheme
MAPLE (Modified Algorithm for Pressure-Linked Equations) for the pressure-velocity

pling is introduced here. A sub. ial speedup is gained in the iteration by utilizing
hybrid relaxation, a combination of under- and overrelaxation, instead of the wusual
underrelaxation. Moreover, hybrid relaxation is mot restricted to pressure-velocity algo-
rithms only, but can be applied in more general iterations.

INTRODUCTION

In general, the conservation laws governing multidimensional heat transfer
and fluid flow are nonlinear partial differential equations requiring a numerical
approach, as analytical solutions are available only for a limited number of
simplified cases. By elimination of the pressure in two-dimensional situations, the
¥, O method reduces the number of dependent variables by one, with vorticity 2
and stream function ¥ being calculated instead of pressure and two velocity
components. Three-dimensional problems, however, are usually treated in terms of
primitive variables p, T, and v by means of finite differences, finite elements, finite
volumes, or combinations of them. As a common feature of all these methods, the
coupled partial differential conservation equations for mass, momentum, and
energy are transformed into a system of linear algebraic equations, which is solved
for discrete regions of the calculation domain.

Regarding time-dependent problems, the available numerical algorithms can
be classified into explicit, implicit, and semiimplicit techniques. Usually, time steps
of arbitrary size can be chosen with implicit and semiimplicit methods, while
several stability criteria limit the increments in time with explicit procedures.

Pressure and velocity in a fluid are strongly coupled via the continuity(1) and
_momentum (2) equations. With both explicit and implicit solution techniques, the
problem arises that, for the ‘calculation of the flow field, the pressure of the new
time level is usually unknown. A variety of iterative methods, such as SIMPLE

_[1-4), SIMPLER (3,5, 6], SIMPLEC (1, 6, 7], or SIMPLEX [7} have been developed
to deal with the coupling of pressure and velocity. Excellent comparisons of the
different algorithms are carried out by Jang et al. [S] and Latimer and Pollard [6).
The well-known SIMPLE algorithm of Patankar and Spalding (2-4] and its en-
hanced successors use underrelaxation to enable convergence of the pressure—
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