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Introduction
This thesis is concerned with a direction splitting algorithm for the solution of the time-dependent incom-
pressible Navier–Stokes equations [1, 2]. The idea behind the algorithm is to replace the standard Poisson
problem for the pressure correction by a series of one-dimensional second-order boundary value problems.

Ap(x) = (1 − ∂xx)(1 − ∂yy)(1 − ∂zz)pp(x) = q(x), x = (x, y, z).

The direction splitting algorithm has been announced in [3]. Its performance has been analyzed in [1]
where it is shown that solving with A is more efficient than solving with the Laplacian ∆. Only tridiagonal
systems have to be solved instead of executing Fast Fourier transforms (FFTs).

The purpose of this work is to port the direction splitting algorithm to the GPU. The algorithm is
provided as a compact MPI-parallelized FORTRAN 90 code.

Numerical tests will concern the start-up flow in a three-dimensional impulsively started lid-driven
cavity of aspect ratio 1 × 1 × 2 at Reynolds numbers 1000 and 5000 using grids consisting of up to 2 · 109

nodes.

Description of the task
The direction splitting algorithm is provided as a FORTRAN 90 code. This code is parallelized for dis-
tributed memory machines by means of MPI (Message Passing Interface). The code is to be analyzed. The
MPI tasks are to parallelized for graphics boards (GPUs) with CUDA. Target machines with have multiple
GPUs.

Requirements
• Good knowledge in FORTRAN, CUDA, and parallel computing.

• Good knowledge of numerics is useful.

Deliverables
• The work is to be documented in a short and concise thesis (LATEX, PDF). It must be written such that

it is intelligible to a fellow-student.

• The code should be written as clean as possible. It must be properly documented.

• At the end of the thesis, the work is to be presented in a 30 minutes’ talk.

Contact
• Prof. Dr. Peter Arbenz, arbenz@inf.ethz.ch, Tel: 044 632 7432
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