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We propose that the resolvent analysis developed by McKeon & Sharma (J. Fluid Mech., vol. 659,
2010, pp. 336–388) could be a more suitable approach to recover relevant frequencies and structures
from time-mean flows than the global instability analysis. Common pitfalls of the global instability
theory applied to mean flows, such as dealing with high non-normality flows, or the necessity of
modeling non-linear interactions, are circumvented with the present approach. Additionally, both
methodologies essentially employ the same numerical tools. Examples of both methodologies applied
to a non-linear lid driven cavity flow and a turbulent pipe flow will be provided.
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Extended Summary

Global instability numerical tools have recently achieved maturity in the sense that even the most
challenging numerical task, obtaining global modes of a laminar steady flow with three inhomogenus
spatial directions, can be carried out in an affordable manner with modern workstations (Gómez et al.,
2012). As such, literature providing solutions of these problems is rapidly increasing and our scientific
community has accepted that the battle of the global modes is over. ‡

Yet another challenge of a different nature arises from the application of this methodology to tur-
bulent flows. Despite the observed similarities between Fourier modes and global modes in such flows,
no established theory exists that can provide a link between the two classes of modes. Nevertheless,
global instability applied to time-mean flows has turned out to be a useful tool in the identification
of relevant coherent flow structures in many problems (Oberleithner et al., 2014).

However, this approach can be considered dubious for three reasons. First, time-averaged flows
are not solutions of the Navier–Stokes equations; they are solution of the Reynolds-averaged Navier–
Stokes equations. As such, the closure problem is inherent in the approach and the unknown Reynolds
stress must be taken into account. Second, it has been shown that this methodology may not be
reliable when the flow presents high non-normality (Sipp & Lebedev, 2007). And third, the concept
of an infinitesimal perturbation growing in time in turbulent flows where the nonlinear interactions
are dominant is questionable.

In this talk we will argue that the resolvent analysis for turbulent flows developed by McKeon &
Sharma (2010) may represent a more formal approach for using the global instability machinery to
identify flow structures in turbulent flows. This methodology consists of an amplification analysis of
the Navier–Stokes equations in the frequency domain, which yields a linear relationship between the
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velocity field at specific wavenumbers and the nonlinear interaction between other wavenumbers via
a resolvent operator. A singular value decomposition (SVD) of this operator reveals that it acts as
a very selective directional amplifier of the nonlinear terms and hence a low-rank approximation of
the resolvent is able to reproduce the dominant features of the flow. The resolvent operator emerges
from a shift-invert transformation of the Jacobian matrix, hence it is amenable to be inspected using
existing global instability numerical tools.

We will demonstrate the potential of this methodology by employing the two dimensional resolvent
formulation of Gómez et al. (2014) to obtain the relevant flow features of different canonical flows. For
instance, Figure 1 shows the reproduction of Taylor-Görtler vortices in a nonlinear cavity flow and
near-wall streaks in a turbulent pipe flow. Comparisons with models based on global instability will
be provided.
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Figure 1. (Left) Representation of Taylor-Görtler vortices in the lid-driven cavity flow at Re = 1200. Iso-sur-
faces of ±20% max/min spanwise velocity of spanwise Fourier mode β = 3. (a) Direct numerical simulation
(DNS), (b) resolvent model. Arrow indicates the motion of the top lid. (Right) Near-wall streaks in a turbulent
pipe flow at Re = 10000. Contours of the streamwise velocity in a constant-radius surface close to the wall. (c)
Fourier mode obtained via dynamic mode decomposition of DNS data, (d) resolvent model. Note a random
shift in phase.
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