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Abstract: To address the issue of traditional under-relaxation factor selection overly reliant on
computational experience and overlooking inherent flow field characteristics, a method for
automatically acquiring under-relaxation factors driven by flow field characteristics is proposed.
For the semi-implicit method for pressure-linked equations (SIMPLE) series algorithm, a
quantity representing the velocity distribution based on the velocity gradient of the flow field is
provided. Utilizing a nonlinear function to transform this quantity, an expression for calculating
the velocity under-relaxation factor is derived. Comparative analyses of fixed under-relaxation
factors and the automatic acquisition method are conducted in three classic cases of lid-driven
flow, backward-facing step flow, and tank flow under first-order upwind, quadratic upwind
interpolation of convective kinematics (QUICK) , and stability-guaranteed second-order difference

schemes. The results show that the proposed automatic acquisition method yields computation
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times comparable to the shortest computation times under fixed under-relaxation factors in all

cases and discretization schemes, and in some scenarios, even shorter than the shortest

computation time under fixed under-relaxation factors. In the case of the backward-facing step
flow with grid sizes of 30 X 180 and 30 X 210 under the QUICK scheme, computations do not

converge with fixed under-relaxation factors set at 0.1, 0.5, and 0. 9, but converge when using

the proposed automatic acquisition method. The residual values obtained using the automatic

acquisition method can reach the order of 107", equivalent to the order of fixed under-relaxation

factors under convergence conditions. This research provides a reference for further optimizing

automatic under-relaxation factor acquisition methods.

Keywords: SIMPLE algorithm; finite volume method; high-order scheme; under-relaxation factors
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Fig. 1 Spatial relationships among control volumes
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