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irrotational acoustic intensity: a new method for location of sound

to show the application of the irrotational intensity in the location of sound sources. .... knowledge of a mode vibration U( 2, y) is implemented as follows:. 
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ABSTRACT The new conception of acoustic intensity is developed in this papel: Since it is derived from the calculation of the gradient of the scalar potential of the active intensity that characterizes a sound field without vorticity; we call it the irrotational acoustic intensity. The acoustic holography technique allows 3-dimensional soundfields in space to be obtained using the complexpressure or intensity on the measuring plate near sources. It is possible to calculate the scalar potential from the 3-dimensional soundjelds, and the irrotational acoustic intensity can be derived from this potential. Analyses are made to show the application of the irrotational intensity in the location of sound sources. The technique developed in this paper is compared with the existing technique such as the standard acoustic intensity and the supersonic acoustic intensity for identijcation of region on a planar vibrating source. Useful information about location and ident$cation of sound sources by the irrotational intensity is given.



1. INTRODUCTION Identification and location of sound source are very important in the noise control engineering. Over the past two decades,the technique of acoustic intensity measurements has been widely used for location and analysis of sound sources on structures which radiate
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to the far field. A lot of theoretical and experimental work in this field can be found in edited books, journal publications and congresses,for examples Refs. [ 1,2,3]. Structural intensity, which describes the power transferred by elastic waves through mechanical structures, helps us to determine how the energy is injected by mechanical excitations and what transfer paths it takes to transfer vibrations to other connected structures [2]. The divergence of the structural intensity allows mechanical excitation or damping on the structures to be located and identified [3,4]. Acoustic holography allows is also recognized as a powerful tool to characterize sound sources and to estimate the structural energy flow and far-field directivity. This technique has been developed from laboratory NAH [5] to more practically-used methods such as BAHIM [6], STSF [7,8]. It is well known the vortex in the near-field of a structure makes it difficult for the noise control engineer to locate, from near-field measurements,the acoustic sourceswhich radiate to the far field, since the latter arises from imperfect cancellation of adjacent regions on the measurement surface. In order to solve this problem, a conception of supersonic acoustic intensity is introduced first for cylindrical structure in 1995 and then developed in planar plates in 1998 [9, lo]. The supersonic intensity is composed only of wave components which radiate to the far field, with the non-radiating components eliminated. In this paper, we introduce a new concept: an irrotational sound intensity which is defined as the gradient of the active sound intensity potential. As it is a non-vorticity, it presents a field without curl path patterns among sources. First the vector of the irrotational sound intensity is defined from the vector expressions for a sound field. The use of this conception will be demonstrated in the second section. Comparisons between the irrotational sound intensity and standard acoustic intensity, supersonic intensity are made to show source location methods. 2. DEFINITION



OF IRROTATIONAL



SOUND INTENSITY



The purpose of this section is to define the irrotational sound intensity. First the nature of sound intensity field is recalled. The irrotational sound intensity is then introduced. 2.1 Vector representation of a sound intensity field. The divergence and curl of a vector field are two important variables to study the characteristics of a vector field such as the sound intensity field. The divergence of a vector is a scalar that is related to a ‘source’ or a ‘sink’ of the vector field. The field is solenoidal in a region in which the divergence is zero. A potential vector can introduced to describe the solenoidal sound field. The curl of a vector field is used to analyze the interferences resulting in the interactions among sources which generated sound fields. If the curl is zero, the vector field is conservative and a scalar potential is used to describe the field. A sound intensity field is, in general, neither a purely conservative nor a purely solenoidal field. The divergence and the curl of the active sound intensity I are written in the following forms: V-1 = w(ro), VxI=R, (1)
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where w( ro) is the volume density of power, rc is the coordinates of ‘sources’ or ‘sinks’, G!is the vector potential of the active intensity. We introduce two components IQ and Ic, the active intensity can be written as the superposition of the two components: I = 14 + Ic, where 1, is of purely conservative so that it is defined by the following equations, v x I# = 0,



V. I+ = w(ro),



1~ is of purely solenoidal, its divergence and curl are expressed by V.Ic



= 0,



VxIc=R.



(3b)



A scalar potential 4 can be defined in the vector field I+. The relation between 1, and 43 is given as follows: 14 = -vc#+ (4) Substituting Eq. (3a) into EQ. (4) yields the Poisson equation V2g5 = -w(re). The solution of the Poisson Equation is



Eq. (6) shows that the scalar potential of the irrotational sound intensity is the function of the distribution of ‘sources’ or ‘sinks’, which depends on the interactions among sources mutual radiation impedance. In no ‘sources’ or ‘sinks’ regions, EQ. (5) becomes the Laplace equation v2cp = 0. (7) Therefore the scalar potential allows us to obtain the information about the sources such as the acoustic power, far-field directivity. Whereas the component 1~ represents the circulation of the sound power in near-field of structures and the interference configurations of sound fields. This interference makes it difficult to locate the acoustic sources and analyze the radiation phenomena in the near-field regions. To solve this problem, Williams [9] introduced supersonic intensity which is obtained using the Fourier transform to eliminate evanescent waves, leaving only the far-field radiating components. Since the negative intensity regions of a vibrator are removed, sources of radiation are readily located on the surface of the vibrator. In this work we propose a sound intensity which is composed only of the first term of EZq.(2) with the second term eliminated. As it is related to the scalar potential due to irrotational vector field (St # 0), we call it an irrotational sound intensity. The calculation method of the irrotational sound intensity is given in the following subsection. 2.2 h-rotational sound intensity. If the two components in EZq. (2) can be separated, the irrotational sound intensity can be easily calculated. However the separation of the
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two vector fields is, in general, impossible except for a few of simple sound fields like two plane waves propagating in perpendicular directions [ 11,121. IQ. (4) shows that the irrotational sound intensity is the gradient of the scalar potential. The solution of Equation (4) can also be obtained using the Fourier transform. Applying the Fourier transform to EQ. (4) yields: K.IdKc,Kg,h’z) @(KS, KY, K,) = -j (8) K2 ’ whereF{V~(s,y,z)}=-jK 
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