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NOISE SOURCES IN TURBULENT SHEAR FLOWS The knowledge of the physical mechanisms underlying the generation of noise in turbulent shear flows remains a challenging task despite over 50 years of intensive research in the field. The interest into this topic is considerable since turbulent shear flows are encountered in many engineering applications including, for example, turbulent boundary layers with and without pressure gradients, compressible and incompressible jet flows and wakes behind streamlined or bluff bodies. The accurate knowledge of the noise generation mechanisms is a fundamental step for both theoretical modelling and practical applications leading, for instance, to the development of flow/noise manipulation techniques and noise suppression devices. Recent developments in terms of our capacity to both numerically and experimentally analyse the physics of turbulent shear flows have opened up new possibilities to



improve our knowledge about the noise generation and propagation mechanisms. The aim of the course is to present a state-of-the-art review of on-going activities in noise prediction, simulation and measurement and to indicate current research directions in a way that is accessible to attendees coming from both academic and industrial areas. To this purpose, introductory lectures on fundamentals of aeroacoustics will be followed by up-to-date reviews of topics of specific interest for engineering applications. The first part of the course is denoted as “Fundamentals” and includes two lectures. The first one, opening the course, is devoted to general concepts of aeroacoustics. The second one, is again dealing with general issues but more directly correlated with the need for simulating numerically aeroacoustic problems. This lecture will deal with computational aspects but elucidates more



INVITED LECTURERS general issues spanning from noise generation mechanisms to noise propagation in turbulent flows. In the second part of the course, denoted as “Specific Topics”, particular emphasis will be put over topics of relevant interest for engineering applications and aircraft design. These topics will include: - Self-sustained oscillations generated, for examples, in cavity flows as a result of feed-back resonance mechanisms. - Fundamentals and modelling of jet noise, including some references to the problem of jet noise control. - Experimental aspects dealing with aeroacoustics measurements with emphasis not only to measurement techniques and post-processing procedures but also to methods commonly adopted for noise sources identification. - Noise from moving surfaces, such as airfoils (self-noise and trailing



edge noise) or turbine blades. - Duct acoustics and acoustic wave propagation in closed domains. - Boundary layer noise with particular emphasis on theoretical aspects related to the statistical modeling of wall pressure fluctuations in attached and separated wall flows. All these arguments will be treated extensively with the inclusion of many examples of practical applications. The main objective of this course is therefore to allow an information transfer between well-known scientists, leaders in the field of aeroacoustics, and industries and laboratories. Indeed, the lecturers, coming from European countries and from US, are all leading experts in the field of aeroacoustics covering both basic theoretical aspects and the state-of-the-art in industrial highend applications.



PRELIMINARY SUGGESTED READINGS W.K. Blake (1986) Mechanics of Flow induced Sound and Vibration Volume II Complex Flow-Structure Interactions, New York, Academic Press. G.M. Corcos (1964) ‘The structure of the turbulent pressure field in boundary layer flows’, Journal of Fluid Mechanics 18, 353-378. W.R. Graham (1997) ‘A comparison of models for the wavenumber-frequency spectrum of turbulent boundary layer pressures’, Journal of Sound and Vibration 206, 541-565. M.J. Lighthill (1952) 'On sound generated aerodynamically: general theory' , Proc. Roy. Soc 211, 564-587.
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M. Wang, J.B. Freund & S.K. Lele (2006) ‘Computational prediction of flow-generated sound’,



IWDE 92-06, Technische Universiteit Eindhoven, Pdf available : http:// www.win.tue.nl/~sjoerdr/



P. Jordan & Y. Gervais (2008) 'Subsonic jet aeroacoustics: associating experiment, modelling and simulation', Experiments in Fluids, 44, 1-21.



Annual Review of Fluid Mechanics, 38, 483-512. A.D. Pierce (1989) Acoustics, Acoustical Society of America.
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C.K.W. Tam, K. Viswanathan, K.K. Ahuja & J. Panda (2008) ‘The sources of jet noise: experimental Evidence’, J. Fluid Mechanics, 615, 253_292.



T. Colonius & S.K. Lele (2004) ‘Computational aeroacoustics: progress on nonlinear problems of sound generation’, Progress In Aerospace Sciences , 40, 345-416. D.J. Bodony & S.K. Lele ‘Current status of jet noise predictions using large-eddy simulation’, AIAA Journal, 46, 364-380.



S.W. Rienstra & A. Hirschberg (2001) An Introduction to Acoustics, report



Avraham Hirshberg - Technische Universiteit Eindhoven, The Netherlands 6 lectures on: Introduction to aeroacoustics and Self-sustained oscillations of internal flows. Using the analogy of Lighthill, the basic concepts of acoustics and aeroacoustics will be introduced. The instability of internal flows due to coupling between shear layer instability and acoustic resonance will be discussed. Various industrial applications will be considered such as the role of closed side branches and diffusers. Tim Colonius - California Institute of Technology, Pasadena, CA, USA 5 lectures on: Computational Aeroacoustics.These lectures focus on the development and application of high-fidelity computational approaches to sound generation by turbulent flows. The material will include discretization of the compressible Navier-Stokes equations and Fourier Analysis of discretization errors. Applications to jet noise, airframe noise, and cavity tones will be discussed. Peter Jordan - Université de Poitiers, ENSMA, France 6 lectures on: Experimental aeroacoustics and noise source identification.The lectures will include a brief overview of aeroacoustic theory, as well as a survey of modern data-processing techniques and the information which these have provided. The lectures will be structured so as to give a sense of where we currently stand in terms of our understanding of jet noise. Roberto Camussi - Università degli Studi Roma Tre, Italy 4 lectures on: Boundary layer noise. The structure and relevant features of turbulent boundary layers. Mechanism of noise generation in a turbulent boundary layer. Surfacepressure fluctuations induced by boundary-layer flow and relevant predicting. Spectral features of wall pressure fluctuations in case of separation and effects of roughness and compressibility. Recent advances on wall pressure data analysis. Philip J. Morris - Pennsylvania State University, University Park, PA, USA 7 lectures on: Jet noise: fundamentals and modeling. Following an introduction on the application of the acoustic analogy to jet noise, simple scaling laws are derived. The effects of the jet mean flow on the noise radiation are described including methods of prediction. The identification of noise sources in jets and numerical/experimental observations of jet noise are described. Michel Roger - Ecole Centrale de Lyon, France 7 lectures on: Noise from moving surfaces. Duct acoustics. Mechanisms of generation of noise generated by rigid moving surfaces interacting with flows are described. Basic principles are discussed together with examples including rotating blades and applications to open rotors. Duct acoustic is described mainly considering simplified geometries in order to emphasise basic physical mechanisms.



LECTURES All lectures will be given in English. Lecture notes can be downloaded from CISM web site, instructions will be sent to accepted participants.
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