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Aeolian tones and bluff bodies

Sound generated by bluff body wakes

Frequency is determined by wake fluctuations




A prototype: the cylinder wake

Laminar flow
o~V
Re<47 47<Re<189 Re>189
2D steady flow 2D periodic vortex shedding 3D

Turbulent flow unsteady

Note: Persistence of
large-structure
shedding.

The power spectra
reveals that the original
shedding frequencies
Shedding of large vortices are still present and
still present dominant !

Re=2000
The flow is 3D and turbulent




Approaches to CAA (Computational AeroAcoustics)

1. Acoustic Analogies

A different approaches (Lighthill, Curle, Goldstein, Ffowcs Williams-Hawkings..)
A Relate sounds to integrals of surface and volume source terms.

A Hybrid approach: near field aerodynamic part by CFD and far field sound by acoustic
analogy (which requires the solution of a forced wave equation)

2. Acoustic/Viscous Splitting methods

A Hybrid approach withouth acoustic analogies (Hardin & pope 1994)

A The féow field is divided into a mean and a perturbation which, in the far field, is equivalent to
soun

A Suitable for low Mach numbers

3. Direct Noise Computation(DNS)

A Fluid motion and sound are computed together by solving the fully compressible equations in time
A Computationally very demanding , this approach requires ad-hoc accurate numerical schemes

A In many case to reduce the computational burden , LES or URANS are used




Direct Noise Computation

2D Compressible flow around a circular cylinder
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Sound generation by a two-dimensional circular
cylinder in a uniform flow
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Low Mach number M=0.2

() Dipole

Low Reynolds number Re=150




Global modes & Aeolian tones

What we want to know:
C Noiseintensity

¢ Frequency

C Noisedirectivity

Is It possible to say something about sound
generation without running time comsuming
simulations?
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What we want to know:
C Noiseintensity

¢ Frequency

C Noisedirectivity

Is It possible to say something about sound
generation without running time comsuming
simulations?

Our approach: Global modes and stability analysis




Linear stabllity analysis

1. Compressible Navier Stokes equations o
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2. Flow decomposition 0 (atud) 0 (chv) T Qo)A @P o

3. Non linear Base flow eq. 4. Linear Perturbation eq.

5. After discretization we obtain a generalized eigenvalue problem
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Base flow stability analysis

Near-field Re=50 M=0.2

, TBIPpT UK o Q

St in good agreement with non
linear one
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Directivity of the \
pressure waves




