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ABSTRACT

Models of incompressible fluid flow are of saddle point type as they possess a coupling between
pressure and velocity variables. Pressure correction methods facilitate approximations of solutions
to time-dependent incompressible fluid flows by decoupling the momentum equation from the con-
tinuity equation. Many pressure correction methods follow a common approach [2]:

(i) compute a (not necessarily divergence-free) predictor velocity field,
(ii) solve a Poisson problem for the pressure,
(iii) project the predictor velocity field onto a divergence-free one.

In some situations, explicit approximations of the velocity variables are feasible, so that the numer-
ical most expensive step is the elliptic pressure problem. We here present a domain decomposition
method that replaces the pressure Poisson problem from step (ii) with local pressure Poisson prob-
lems on non-overlapping subregions. No communication between the subregions is needed, thus
the method is favorable for parallel computing. We show under certain assumptions that this new
scheme has the same order of convergence as the rotational pressure correction scheme (with global
projection) [1], [3]. Numerical examples for the Stokes system show the effectiveness of this new
pressure correction method. The convergence order O(k2) for resulting velocity fields is observed
in the norm l2(0, T ;L2(Ω)).

Moreover, we propose a design of Robin-type boundary conditions for the local pressure Poisson
problems [4]. Numerical tests regarding the Navier-Stokes equations show that Robin-type bound-
ary conditions are well suited for the local pressure problems, especially when the Reynolds number
is moderately large.
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