Space-time (2D+T) spectral synthesis for studying vibration of and
radiated noise from structures under a turbulent boundary layer
excitation
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The topic of vibration of and radiated noise from structures under a turbulent boundary layer (TBL)
excitation has been studied for decades with various applications and scales ranging from cars to aircrafts
as well as vessels and submarines [1, 2]. With large interest from several industries and research areas, it
remains a critical research topic that is still looking for accurate and cost-effective simulation and measure-
ment techniques. Interestingly enough, the literature records few experimental results in comparison with
a very large number of publications dealing with numerical computations. Also, most of the publications
concern vibration of structures and very little include radiated sound. This has two important consequences
(1) a reduced number of experiments is available for validating the results of numerical computations
and (2) perception of the radiated sound from TBL-excited structures is hardly considered even it
should be a primary goal for transportation applications. In many numerical approaches used to predict
vibrational responses of structures excited by turbulent flow, the cross-spectral density function describing
the wall pressure fluctuations has to be coupled to a deterministic vibroacoustic model. Since a very large
number of distributed points on the surface of the structure needs to be considered according to theory,
usual requirements in terms of ideal mesh size are deemed unrealistic in many practical cases. Model-
ing techniques considered as hybrid approaches which combine statistical and deterministic methods were
investigated in [3, 4, 5] so as to relax meshing constraints.

In [6], it was proposed to couple a space-time synthesis approach (i.e. several consecutive realizations
of the wall pressure field, see an example in Figure 1) to a deterministic model so as to predict sound
transmission loss of and radiated sound pressure from panels excited by a diffuse acoustic field (DAF)
excitation. Both quantities were efficiently predicted and good agreement was obtained with measurements
and finite element method predictions. The proposed method has several advantages, that can provide
adequate solutions to points (1) and (2) previously expressed : (1) Each realization of the wall pressure
field and obtained vibro-acoustic results can be considered as a virtual experiment, or a series of them
can mimic an experiment of variable length, and (2) The radiated sound pressure as a function of time
and under a random excitation (DAF-TBL) can be obtained and used for listening purposes.

The presentation will describe the suggested calculation process, and results obtained in the case of two
panels excited by a diffuse acoustic field will be recalled. Measurements made on a rectangular aluminum
panel with controlled simply-supported boundary conditions and tested in a low-speed anechoic wind-tunnel
at a flow sped of 40 m/s [7] will be used as a test case for extending the approach to TBL excitation (see
experimental setup in Figure 1).
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Figure 1: (Left) A realization of the wall pressure field in the case of a diffuse acoustic field excitation;
(Right) The experimental setup used for measurements in wind-tunnel.
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