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1
INTRODUCTION


The InterNoise 2012 Proceedings will be published only on a CD-ROM.  CDs of the Proceedings will be given to each attendee of InterNoise 2012. The Proceedings will also be available after the conference for purchase. All of the InterNoise 2012 papers (except those associated with ASME NCAD) will also be included with the past NoiseCon and InterNoise papers on INCE’s website: http://incedl.org/ where individual papers may be searched.  INCE/USA members or NCEJ subscribers may then download papers.  Others may purchase papers online.


The purpose of these instructions is to ensure uniformity in the layout and typography of the papers. The headings and subheadings used in these instructions are in the format that should be used in the preparation of the paper. The type font used here and for the paper is WORD Times New Roman 12 point font. Other similar fonts may be used if Times New Roman is not available. Paragraphs should be indented by 0.3”.  Papers, including the figures, tables and illustrations, may have any number of pages between 4 and 12. 



The exclusive use of SI units is strongly recommended. If the English conventional system of units is used, the English equivalents must be inserted in parentheses following the metric values. Only manuscripts in the English language will be accepted. 
2
Manuscript format

2.1
Margin Settings

The paper size should be 8 1/2 x 11 inches. Top and side margins should be set at 1 inch. The bottom margin should be 3/4 inches. Do not use headers, footers, or page numbers in the paper. If it is necessary to use the A4 metric paper size, set the top margin to 25 mm, the side margins to 22 mm, and the bottom margin to 37 mm. Tab stops should be set at 0.25 inches (6 mm).

2.2
Top of the First Page


At the top of the first page, this logo should appear centered on the page.
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2.3
Title of the Paper


The paper title should in Times New Roman (or similar) 16-point bold. Capitalize the first word of the title, e.g., 
Fuzzy methods in affordability and cost estimates. 
The title should be left justified as shown above.
2.4
Author Information


Author information should be left justified below the title. Use 12 point "Times New Roman" (or similar) regular type. Put the author's name (first name followed by middle initial and last name), affiliation and address (city, state, zip code (USA) and country). Do not include personal titles (e.g. Dr., Prof. and INCE Board Cert) with author names. For multiple authors, group authors with the same affiliation/address, e.g.

name 1a)
name 2b)
affiliation 1

name 3c)
affiliation 2

Include authors' email addresses with footnotes using letters (see the example on the first page of these instructions).

2.5
Paragraph Indentation

Indent paragraphs by 0.3 inches.

2.6
Headings


Major headings should be left justified in 12-point "Times New Roman" (or similar) bold type, in all capital letters and labeled numerically, e.g. 
1
INTRODUCTION 

2
MODEL DEVELOPMENT 
Leave a line space above and below a major heading.   


Subheadings should be in 12-point Times Roman (or similar) bold type, with the first letter of each major word in upper case, and labeled numerically, e.g. 
2.1
Application of Fuzzy Relational Methods
2.2
Value Analysis
Leave a line space above and below subheadings. 

For heading and subheading, the tab after the number should be 0.3 inches.  There should be no period after the last number.
2.7
References


The list of references should be labeled numerically. Use superscripts in the text to indicate references, e.g , “…noise sources can be identified5-8 …” and “… action can be taken as reported by Cooper3.”  Examples of reference listings are given below.
2.8
Figures, Tables, and Equations


Include your figures and tables at the end of the paper, with tables presented before figures. Do not link figures or references in the text. Examples of a table and a figure, along with their caption formats are given at the end of these instructions.  Table captions should be left justified above tables, and figure captions should be left justified below figures.  The table and figure titles should be in 12 point Times New Roman italics type.  Include as many tables and figures as appropriate per page.  Do not start a new page with the first table or figure.  Examples of a table and figure are given below. 
Table 1 - Types of acoustic barriers installed along the Torino-Novara railway line.

	Barrier type
	Installed quantity

	Metallic cassettes filled with glass wool
	25 000 m2

	Timber and metal cassettes filled with glass wool
	25 000 m2

	Concrete panels with a porous side
	30 000 m2

	Acrylic sheets and concrete panels (reflective) 
	15 000 m2

	Others
	  5 000 m2


Table captions should appear above the table and figure caption below the figure.
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Fig. 4 -
Estimated wind-induced pseudo-noise spectra as a function of wind speed bin from data for 30 cm, 400 ppm, polyester windscreens.

Center and number your equations like this:
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In the text, equations should be referenced as Eqn. (*) or Equation (*) if at the beginning of a sentence.
3
SUBMISSION

Submit your paper as a PDF file using the link on the InterNoise 2012 Web site 
(http://www.internoise2012.com). File memory size is limited to 25 MB maximum.
4
CONCLUSIONS


Please follow these paper preparation instructions carefully and ensure that your paper is between four and twelve pages in length (suggested paper length). 
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Predictions of acoustical characteristic for a flank array sonar                       simplified to planar multi-layer system
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Suk-Yoon Hongb)
Department of Naval Architecture and Ocean Engineering, Seoul National University
College of Engineering, Seoul National University, Seoul, 151-742, Korea
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Hyun-Gwon Kild)
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Flank Array Sonar (FAS) is a long range submarine’s hull-mounted passive sonar system which detects low-frequency noise induced by machineries of enemy ships or submarines. Flank Array Sonar needs a sound absorption/insulation multi-layer structure to block off the self-noise from own machineries and to amplify signals from outside at the same time. In addition, the sonar dorm, which consists of two or three layers, is needed to protect the Flank Array Sonar system against exterior forces. Therefore, multi-layer system analysis should be performed when Flank Array Sonar is designed. This paper considers Flank Array Sonar as simple planar multi-layer system. Also, it classifies main sources that influence Flank Array Sonar system, and suggests the analysis process for each source. Continuity conditions of layers with spatial Fourier transformed equations are used, and further applied to a planar multi-layer structure excited by three kinds of sources : mechanical, plane wave and turbulent flow excitation. Short analysis time and easiness of parameter study of planar multi-layer system can be essential for preliminary design stage of Flank Array Sonar system.
1
INTRODUCTION


Flank Array Sonar (FAS) system which is long range passive detector is installed to both sides of a submarine. It detects noise of low frequency range under 4 kHz due to mechanical equipments of other submarines. Hiding and detecting functions are ones of the most important functions of a submarine. FAS has multi-layer structure to block the noise from own vessel machineries and to reduce the reflected noise from a ping of enemies. At the same time, multi-layer structure has to give regular sensitivity of measurements at interesting frequency range. Because of these complex conditions of FAS, various multi-layer combinations and arrangements have to be considered when the FAS is designed. However, it is almost impossible to test every multi-layer case. So, multi-layer analysis should be performed to predict the multi-layer acoustic performance at basic design step. 


This paper suggests main excitation types to affect FAS system and evaluating the acoustic performance of multi-layer for each excitation types. The analysis is investigated to multi-layer reduced to simple infinite planar model.

2
Theory

The main excitations that influence to FAS of a submarine during the military action can be classified to three types; mechanical excitation, plane wave excitation, and turbulent flow excitation. The mechanical excitation is induced by operation of essential equipments to manage a submarine. The noise due to the mechanical excitation is transmitted to FAS through a submarine pressure hull. The plane wave excitation occurs when a signal from other ships or submarines reaches at the FAS system of a submarine. The signal can be assumed as a plane wave because sources of the signal are usually located far from the submarine. In this reason, the exterior noise can be classified to the plane wave excitation. Movement of a submarine causes the turbulent flow excitation. When the submarine carries out a military operation, turbulent flows are generated at the exterior surface of the vessel. Theses flows make a noise and have an effect on FAS system. 
2.1
Governing Equations

Skelton1 suggested an analysis method of multi-layer systems using continuous conditions at the boundaries of a layer. He was derived matrix relationships satisfied displacement and stress continuous conditions of an isotropic elastic layer, and satisfied displacement and pressure continuous conditions of an acoustic fluid layer for three directions of rectangular coordinates at the upper and lower surfaces of a layer. He was obtained a relation of stiffener matrix, displacement matrix, and force matrix with derived matrix relationships. The governing equation matrix for a multi-layer system was assembled using relation matrices of isotropic elastic layers and acoustic fluid layers.

A pressure of the acoustic fluid layer is obtained in terms of complex exponential functions as follows:
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Equations (2) and (3) can be reduced by eliminating the arbitrary constants from these equations, and the spectral dynamic stiffness matrix equation is giving
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Here, 
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, which are positive when acting in the positive z direction. 

In the isotropic elastic layer case, the substitutions are
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Equations (5) and (6) reduce the linear displacement equations of elasticity to
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where 
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 being the wave speeds of pure longitudinal and shear waves in unbounded media. With Fourier transform decompositions of Eqns. (7) through (9), one may obtain general solutions of these equations in terms of exponential functions as follows:
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where 
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. Using Eqns. (10) through (12), the spectral displacements in terms of the unknown constants of integration are obtained as 
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And with substituting Eqns. (13) through (15) into the stress-displacement equations, the spectral stresses in terms of the unknown constants of integration are written as
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As the same way of acoustic fluid layer, Eqn. (19) can be obtained from Eqns. (13) through (14) and Eqns. (16) through (18) by eliminating the unknown constants using the continuous conditions of the lower and upper boundary of an elastic layer. 
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The governing equation of a multi-layer which is composed of acoustic fluid layers and isotropic elastic layers can be obtained from Eqn. (4) for acoustic fluid layers and Eqn. (19) for isotropic elastic layers.
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For the case of a multi-layer structure having M layers as shown in Fig. 1, (M+1) boundary surfaces exist at the model. The spectral stiffness matrix 
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2.2
Mechanical Excitation

When the mechanical excitation is applied to the multi-layer system, the spectral excitation vector 
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are zero. The spectral displacements of each layer are obtained from Eqn. (20). The far field pressure in the upper surface of the layered system is as follows:
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where the subscription ‘t’ means the upper acoustic domain where the pressure propagates. 
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2.3
Plane Wave Excitation

When the plane wave incident from 
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where 
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The plane wave affects at the first surface of the layered system, and every element of the spectral excitation vector 
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The spectral displacements can be calculated using Eqns. (20) and (25). With those displacements, the transmission loss is obtained as follows:
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where 
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, the subscription 't’ means the acoustic domain of the incident wave and the subscription 'b’ means the acoustic domain of the transmitted wave. 
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2.4
Turbulent Flow Excitation

Ko2,3 suggested a way to evaluate a noise due to turbulent flow using turbulent boundary layer pressure model. He was defined for a turbulent flow induced noise to affect a point hydrophone as the frequency spectral density with the Corcos4 turbulent wall pressure spectra which is written as
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where 
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 is the wall pressure spectrum. 

When the point hydrophone is embedded within a certain layer, the frequency spectral density is 
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where 
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 is the transfer function which is the ratio of the normal stress of the point hydrophone to the force acting on the flow contact surface of layered system, and defined as 
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Noise reduction is defined as the ratio of Eqn. (28) to Eqn. (29) for the point hydrophone embedded multi-layer system, and as follows: 
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Noise reduction can evaluate the noise level caused by turbulent flow, and predict the sensitivity of the location of the hydrophone or a material property of the hydrophone embedded layer. 
3
ResultS

Figure 2 shows the analysis model having three layers and the material properties of layers are illustrated in Table 1. The layer number increases from the upper layer which borders the water field to the lower layer. The analysis model is simplified from a surface of a submarine; a steel layer of the model is a pressure hull of the submarine, and two coating layers of the model are sound absorbing layers of the submarine. The sensor of FAS is assumed to be embedded the layer of number 1. The outer space of the multi-layer system is filled with water, and the inner space is filled with air like the submarine. 

The far field sound pressure level is shown in Fig. 3 when the mechanical excitation is applied to the analysis model. The far field sound pressure level decreases as coating layers are added to the steel layer.

When the plane wave incidents normally from water field, the sound transmission loss of the multi-layer system is shown in Fig. 4 which illustrates that coating layers increase the sound transmission loss.

Figure 5 shows the noise reduction of the multi-layer system excited with the turbulent flow. The zero noise reduction means that the sensor is exposed to the water field, and it is a reference value of the noise reduction. 
4
DISCUSSION AND CONCLUSIONS


This paper suggests the infinite planar analysis method for acoustic performance of FAS multi-layer system, which can be used for the basic design step. The main sources are classified as the three excitation types and the analysis of a simple model are investigated for each source type. This analysis can be applied to the more complex multi-layer system. 

This study can be developed by considering stiffeners for the mechanical excitation or by considering a shape or a array pattern of the hydrophones for the turbulent flow excitation. The cylindrical shell layered system which is more similar to a real submarine can be a good alternative. 
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Table 1 – Material properties of each layer in Fig. 2.
	Layer           
	1
	2
	3

	Material
	anechoic
	decoupling
	steel

	Young’s Modulus
	0.6×E08
	0.26×E07
	1.95×E11

	Poisson’s Ratio
	0.48
	0.46
	0.29

	Density [kg/m3]
	1600
	800
	7700

	Thickness [m]
	0.04
	0.01
	0.01

	Loss Factor
	0.2
	0.1
	0.01
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Fig. 1 – General multi-layer system and Cartesian coordinate.
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Fig. 2 – 
Three layered infinite planar model excited by mechanical force, plane wave and turbulent flow.
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Fig. 3 – 
Far field sound pressure level excited by mechanical force when measurement position is R=1, θ=0° and φ=0° from the surface (blue dash line : layer 3 only, red solid line : layer 1 & 3, black spot line : layer 1 & 2 & 3).
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Fig. 4 – 
Transmission Loss level excited by plane wave when incident angles are θ=0°, φ=0° (blue dash line : layer 3 only, red solid line : layer 1 & 3, black spot line : layer 1 & 2 & 3).
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Fig. 5 – 
Noise Reduction level excited by turbulent flow when free stream velocity is 10 knots and the sensor is positioned 1 cm from the surface (blue dash line : layer 3 only, red solid line : layer 1 & 3, black spot line : layer 1 & 2 & 3).
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