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Abstract: The straight pipe of circular cross-section is a familiar simple set up,
yet the flow of fluid through a pipe exhibits rich chaotic dynamics. It provides
a popular setting, both for investigation of the principles of simulation, and for
methods designed to probe the fundamental properties of dynamical systems. The
openpipeflow.org code may be used for simulation and as a solver for relative
equilibiria (travelling wave) solutions and relative periodic orbits.
This article describes the core numerical techniques that have been implemented.
Problems associated with the boundary conditions for PPE formulations are
bypassed by the influence–matrix technique, allowing one to solve for the ‘real’
pressure, whilst simultaneously opening up the possiblity of arbitrary boundary
conditions. Also presented are extensions …
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1 Introduction
Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco
laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit
in voluptate velit esse cillum [WRITING UNDERWAY] dolore eu fugiat nulla pariatur.
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim
id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor
in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur
sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est
laborum.
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2 Governing equations
3 Numerical formulation
3.1 Fixing the PPE formulation
3.2 Parallel framework
4 Extensions
4.1 The Newton–Krylov method
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