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The main purpose of the presented research is to incorporate the idea of weak-
compressibility into pressure-velocity coupling algorithm to improve the convergence and
efficiency of flow solver. The flow solver is based on numerical solution of incompressible
Navier-Stokes equations. Two computational strategies are the most popular in this area
namely artificial compressibility method and pressure-velocity coupling. The presented
approach is some kind of linkage between them. The weakly-compressible flow equations are
derived applying a relationship between pressure, density and sound speed with assumption of
low Mach number flow. To solve the resulting system of equations some classical time
stepping may be used (Bajantri et al., 2007), what is similar to artificial compressibility
method. The pressure-velocity coupling algorithm may also be implemented (Munz et al.,
2003). In second case the more general algorithm is obtained.

For the purpose of the presented research, the author focus on model described by
Song & Yuan (1988) and implemented for the problem of spillway flow simulation by
Bajantri et al. (2007). The additional coefficient describing level of weak-compressibility is
introduced to the mass balance equation. The mass balance and momentum balance equations
written in the Einstein' notation are shown below
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In (1), p is pressure and u; denotes velocity components. p and v are fluid density and
kinematic viscosity coefficient, respectively. a is speed of sound. f is additional coefficient
describing the level of weak-compressibility. Its range of variability is [0, 1]. The Robin's
boundary conditions are used for each variable. The equations (1) are approximated by means
of finite volume method in the staggered mesh adopted from Tu & Aliabadi (2007). The
velocity components are determined in cell centers, while pressure is approximated in nodes.
Multilevel pressure-velocity coupling algorithm based on PISO concept is used. The
MGMRES algorithm (Burkardt, 2008) is adopted to solve all linear systems in the problem.

The main idea of the presented method is to use multiple restarts during single time
step like in the SIMPLE scheme. During this process coefficient of weak-compressibility S is
gradually 'vanishing', what means decreasing from from 1 to 0. The developed algorithm is
tested with two well known cases: (1) lid-driven cavity flow, (2) backward facing step. The
values of basic physical parameters are as follows: density p = 1000 kg/m®, viscosity
v=1m?%s, speed of sound a=1500m/s. The results are presented for the single set of
computational parameters including time step At = 1x10™ s and cell size h® = 0.2x0.2 m?. The
assessment of efficiency is done by comparison with classical approach based on
incompressible flow equations and PISO scheme. Two measures for comparisons are used.
An accuracy measure is relative difference in obtained results, namely pressure and velocity
components, between analyzed and reference algorithm. Because the volume of this abstract
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is limited, only the results for one point are presented. The convergence speed is measured as
the number of MGMRES iterations to solve Poisson equation for pressure correction systems.

The results are presented in fig. 1. The graph (a) represents the results for lid-driven
cavity flow. The graph (b) is prepared on the basis of backward facing step simulation. The
abbreviations used means: WCF — weakly-compressible model with PISO scheme, VC 2x1 —
vanishing compressibility model with 2 restarts and 1 correction, VC 2x2 — as previous one
with 2 restarts and 2 corrections, ICF — incompressible flow model with PISO scheme. The
bars represent the MGMRES iteration, the points show relative differences between the
results of tested model and reference model (ICF).
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Fig. 1a,b Obtained results: (a) lid-driven cavity flow, (b) flow over backward facing step

VC 2x2 and VC 2x1 models show the same or better compatibility with ICF model in
comparison with WCF one. The relative differences are in the range of required MGMRES
tolerance in case of lid-driven cavity flow. In the second case, VC 2x2 and VC 2x1 models
give differences of few order lower than WCF. The number of necessary iterations may be
decreased by smaller number of corrections level. This is well seen in comparison of VC 2x2
and VC 2x1 results in both cases. Hence, the total efficiency of incompressible flow
computations may be improved be introduction of weak-compressibility terms.
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