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Abstract

In this paper, we investigate theoretically and computationally the conservation properties of re-
duced order models (ROMs) for fluid flows. Specifically, we investigate whether the ROMs satisfy
the same (or similar) energy balance and mass conservation as those satisfied by the Navier-Stokes
equations. All of our theoretical findings are illustrated and tested in numerical simulations of a
2D flow past a circular cylinder at a Reynolds number Re = 100.

First, we investigate the ROM energy balance. We show that using the snapshot average for
the centering trajectory (which is a popular treatment of nonhomogeneous boundary conditions in
ROMs) yields an incorrect energy balance. Then, we propose a new approach, in which we replace
the snapshot average with the Stokes extension. Theoretically, the Stokes extension produces an
accurate energy balance. Numerically, the Stokes extension yields more accurate results than the
standard snapshot average, especially for longer time intervals.

Our second contribution centers around ROM mass conservation. We consider ROMs created
using two types of finite elements: the standard Taylor-Hood (TH) element, which satisfies the mass
conservation weakly, and the Scott-Vogelius (SV) element, which satisfies the mass conservation
pointwise. Theoretically, the error estimates for the SV-ROM are sharper than those for the TH-
ROM. Numerically, the SV-ROM yields significantly more accurate results, especially for coarser
meshes and longer time intervals.

Keywords: Reduced order model, proper orthogonal decomposition, energy balance, mass
conservation.

1. Introduction

Reduced order models (ROMs) have been used in numerous scientific and engineering appli-
cations, and have been particularly successful as surrogate models for structure dominated fluid
flows (see e.g. the nice review of Lassila et al in [1] and references therein). The ROM strategy is
straightforward: In an offline stage, snapshots from a fine resolution numerical simulation of the
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