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Abstract This work aims to reconstruct three-dimensional coherent structures associated with centrifugal instabilities by making use
of the dynamics in a space-time volume (z, y, t) and the spanwise-travelling wave assumption.

CONTEXT

Open cavity flows are often studied with regard to the self-sustained oscillations of the shear layer impinging onto the
downstream corner of the cavity. However, the recirculating inner-flow is also known to be linearly unstable with respect
to continuous families of spanwise-travelling waves, interpreted as the result of centrifugal instabilities. In a saturated
state, centrifugal instabilities lead to highly energetic broad-banded three-dimensional dynamics, which can be decom-
posed as spanwise-distributed wavelike structures organising along the main recirculation. Those coherent structures are
often referred to as Taylor-Gortler vortices [8, 1, 5, 6]. They are associated with frequencies at least one order of magni-
tude smaller than those of the self-sustained oscillations. Identifying such slow dynamics in the permanent regime is of
particular interest since it influences drastically the vortices shed within the shear layer.

DATA AND METHODOLOGY

In the volume (x, y, z), consider a rectangular cavity flow such that z is the streamwise coordinate and y is the crosswise
coordinate, normal to cavity bottom, and z is the spanwise coordinate, parallel to cavity bottom. The three-dimensional
organisation of the inner-flow has been investigated using multiple time-resolved planar PIV measurements from two
distinct experimental campaigns. Through time-Fourier transform over such space-extended data, we can obtain global
Fourier modes associated with a given frequency [9, 3]. This process can be performed either in a zz-plane, parallel to
the bottom of the cavity (Figure 1), or in a zy-plane (Figure 2).

The space-time dynamics observed in a zx-plane typically
depicts spanwise-travelling waves, whose characteristics
match results from the literature [4]. When considering
the overall broad-banded dynamics deriving from the cen-
trifugal instabilities, Strouhal numbers are such that
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with D the cavity depth and U the incoming velocity. As
for the spanwise wavenumbers, they generally scale as
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Figure 1. Example of global Fourier mode in a zz-plane at
y/D = —0.1, associated with frequency f D/Uo, = 0.018, for
Rep = 2400. Real part (left) and imaginary part (right) are de-
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picted with contours of the streamwise velocity component u’,
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Figure 2. Example of global Fourier mode in a zy-plane, associated with frequency f D/Us = 0.024, for Rep = 4570. Real part
(left) and imaginary part (right) are depicted with contours of the streamwise velocity ', normalised by incoming velocity Up.

Relying on such results, we argue that, at the first order, the assumption of periodic spanwise-travelling waves can apply
to the permanent regime, similarly to what is considered for (linear) Bi-Global stability analyses. The three-dimensional
flow then rewrites
U(z,y,z,t) = Z ¥(x,y,w) elWt=k2) 4 e,
w

where ¥ (z, y,w) is the (complex) global Fourier mode, associated with the pulsation w in a zy-plane. It comes that the
temporal evolution of the wavelike structure in a given zy-plane is equivalent to its spanwise evolution at a given time.
For each frequency corresponding to a spanwise-travelling wave, we can therefore reconstruct the associated coherent
structures in the three-dimensional space (z,y, z) through the space-time volume (z,y,t), as shown in Figure 3. Using
that methodology, we intend to identify the three-dimensional organisation of the broad-banded dynamics of the inner-
flow, with respect to periodic eigenfunctions provided by linear stability analyses from the literature [4, 7].

Figure 3. Reconstruction of a spanwise-
travelling three-dimensional wave in the
space-time volume (z, y, t), performed from
the global Fourier mode shown in Figure 2.
Iso-surfaces of streamwise velocity are dis-
played for two levels (u' /Uy = 4-0.0055).
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