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Instabilities in the wake of multiple freely-oscillating cylinders
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Introduction

Vortex induced vibrations are of great interest to many fields of engineering. One of their lat-
ests practical application worth mentioning is the design of submerged deformable structures that
are able to convert energy from marine currents and waves (see for instance the Wave Carpet
project of Caltech University). Although a lot of VIV systems, as the case of a single oscillating
cylinder (Williamson & Govardhan (2004)), have been extensively studied, some other remain
widely misunderstood. The case of multiple cylinders has for example been mainly studied for
fixed cylinders. Recently, Hosseini (2020) used an immersed boundary method to explore the
flow past multiple rigidly-mounted cylinders. Tandems of elastically-mounted cylinders have also
been studied. For instance, Griffith, Jacono, Sheridan & Leontini (2017) have mapped the flow
patterns for two cylinders with respect to the distance separating them. We propose an Arbitrary
Lagrangian Eulerian method to further explore the dynamics of multiple freely-oscillating cylin-
ders.

1 Methodology

The Arbitrary Lagrangian Eulerian (ALE) method allows to conform the fluid domain with the
solid domain at the fluid-solid interface. By introducing a displacement field ξ̂ and an extension
displacement field ξ̂e, the solid deformation and fluid velocity can respectively be expressed in
Lagrangian coordinates. All the unknowns are therefore expressed in a stress free configuration.
The motion yn of each cylinder in the transversal direction is governed by the following equation
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Figure 1: Array of n spring mounted cylinders with densities, spring stiffness and damping pa-
rameter: ρn, kn and γn. The cylinders are immersed in a fluid domain Ω̂f of density ρf . The
domain is delimited by inlet and outlet boundaries, Γi and Γo as well as lateral boundaries Γl.
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where U∗ is the reduced velocity, Cyn(t) is the vertical force coefficient and m∗
n the mass ratio

between the cylinder and fluid densities.

Following the method used by Pfister, Marquet, & Carini (2019) a weak formulation of the ALE
system is written, for N spring-mounted cylinders. Together, equations (1) and the weak for-
mulation can be written as a system of 4N + 5 equations, N being the number of cylinders.
The 4N + 5 unknowns of our system can be decomposed into a three field problem (cylinder,

extension and fluid). Defining zn =
∂yn
∂t

as the velocity of a cylinder, we solve our system

and obtain the the following unknowns q̂c = (z1, ..., zn, y1, ..., yn), q̂e =
(
ξ̂e, λ̂e1 , ..., λ̂en

)
and

q̂f = (û, p̂, λ̂1, ..., λ̂n).

2 Outline

Figure 2: Vorticity field of a tandem of elastically mounted cylinders at Re = 100.

Tirri, Nitti, Sierra-Ausin, Giannetti, & de Tullio (2023) recently showed that for low values of U∗,
one mode linked to the stationary wake is unstable. At U∗ = 4 the second mode loses stability
which marks the beginning of the lock-in region. A beating phenomenon arises from the modes
interaction at U∗ = 5. Finally, for larger values of the reduced velocity, one dominant mode
induces large oscillations of the second cylinder which then governs the dynamics (see Figure
2). To extend these results to multiple elastically-mounted cylinders, a parametric study will
be presented. The influence of the number of cylinders, and their characteristics, on the wake
dynamics will be shown.
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