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ABSTRACT

This paper studies model simplification of underwater radiated noise of a catamaran. Based on theoretical
analysis, a mathematical model of underwater noise radiation of a catamaran is established. Sound pressure
level expressions of near and far field are thus obtained. Discussion shows that the standing wave effect
occurs within the region of two hull bodies of the catamaran, while sound pressure level vanishing with
distance in the far filed regions. With the help of acoustic-structural coupling analysis, numerical model of
underwater noise radiation of a twin hull ship is established. And result shows that the mathematical model
fit well with simulations.
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1. INTRODUCTION

With twin-hull technology matures Catamaran quickly becomes quite popular for its excellent
performances of large deck area, low resistance and reliable stability. However, its underwater noise
characteristic has not been explored deeply yet. Underwater noise can be extremely harmful, for
civilian ships it often adversely affects marine environment, marine fish’s migration, reproduction and
other life activities; for military vessels such as destroyers, aircraft carriers and stealth warships it
often leads to great risk to their stealth and vitality. Obviously, research on catamaran underwater noise
radiation is of great significance.

Currently, on the research of underwater noise radiation characteristic, scholars have made considerable
achievements with the following methods in the field of mono hull craft, including statistical energy
analysis (1,2), finite element method (3,4,5), boundary element method (6,7), acoustic-structure coupling
method (8,9,10,11),while in the field of catamaran still rarely reported.

In fact, as for catamaran structure, the two bodies each as a sound source will lead to coupling effect,
which contributes to the complication of the underwater radiated noise problem of a catamaran. Therefore,
based on linear acoustic basic assumptions, combined with radiated ball source theory, this paper establishs
a mathematical model of the noise sources of a catamaran, aiming to analyse the characteristics of
underwater radiated noise of a catamaran from a mathematical perspective.

2. THE MATHEMATICAL MODEL

In order to simplify the problem, consider the simplest case, two pieces of body was simplified to two
ball of radiation sources with the same phase, and on this basis to study the near-field acoustic radiation
characteristics. The reference'”! makes discussions with the two ball of radiation sources with the same
phase in the far field, while not in the near field. In this paper, the expression of the pressure of the two ball
of radiation sources will be deduced so that we can unlock the characteristics of underwater radiated noise
of a catamaran.

Assuming that located in infinite space, there are two pulsating balls and  with a distance of
between each other. The vibration frequency, amplitude and initial phase are all the same, one of which the
radiated sound pressure is!'*:
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Where p = the sound pressure in the watchpoint p ; 7, = the distance between the
watchpoint p and pulsating balls; @ = the circular frequency of pulsating balls; 4/7 = the

amplitude of sound pressure(generally, A may be a complex number, here we make it a real nunber to
simplify the problem.); k& = wave number and the relation between k , @ and ¢, can be demonstrated as:

k=— @)

Where c¢,= the sound velocity in the medium.

As for micro-amplitude sound waves, the sound pressure of synthetic sound field equals to the sum of
each column, which satisfys the principle of linear superposition of sound waves "2, Therefore, we can get
the expression of synthetic sound field sound pressure as:
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Figurel. The far field of the double pulsating balls
P
n r
o/r ?
S S
1 j O - 2
[

Figure2. The near field of the double pulsating balls
Where p = the synthetic sound pressure in the watchpoint; 7 = the distance between the watchpoint

P and pulsating ball §,,7, = the distance between the watchpoint P and pulsating ball S,; A/7 = the
amplitude of sound pressure in the watchpoint P from pulsating ball S|, A4/7, the amplitude of sound
pressure in the watchpoint P from pulsating ball §,; O= the center point between the two pulsating
balls; 7 = the distance between the watchpoint P and O; k =wave number and satisfy the equation (2).

Here we define r as the “characteristic radius” of the wavefront of the double pulsating balls source
synthetic sound field, A as the half of the acoustic path difference of watchpoint P between S, and

S, , and there are:

r+A=r (5)
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r—A=r, (6)
From (5) and (6) we can obtain:
rn—r,=2A (7
n+rn
- < —p 8
> (8)

Put (5) and (6) into (4) we can obtain:

A ifwt—k(r A i[wt—k(r—
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Here we define |A| # 1, which means that S and §,are two singularities of the synthetic sound field
and not satisfy the equation (9) . Therefore, we can draw the equation from (9) :
p(r+A)r—A)

= A(r — A" L g 4 A (10)

namely:

2Aej(a)t—kr)
C(r+A)r—A)

The equation (11) is the expression in the near field of the synthetic sound sources of the double
pulsating balls, due to that any acoustic variables were simplified or ignored from (4)to (11), so equation
(11) is suitable in the far field obviously.

p o (rcoskA+ jAsinkA) (11)

Now we discuss the relation between equation (11) .From figure 2 we can see that after we dropping

the two singularities, no matter where watchpoint P are, there are always:

I —n| <1 (12)
From equation (7) we can obtain:

24| <1 (13)

there
rl] (14)

And
rll (15)

there
|sinkA| <1 (16)

So that based on equation (14) and equation (16) , A can be seen as the first trace, thus the difference
of the amplitudes of sound waves from two pulsating balls to the watchpoint P can be ignored, while the

difference of phases remains. Here there the the following approximate relationship found:

r+A=r (17)
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r—-A=r (18)

JAsinkA jAsinkA
(r+A)(r—A) r’
Put equation (17) ~ equation (19) into equation (11) ,and equation (11) will be

0 (19)

2A J(wt—kr)
p=22—ecoska -

Obviously, equation (20) is the expression of sound pressure in the far field of the double pulsating
balls, which indicates that equation (20) is the special form of equation (11) to meet the far-field , and

proved equation (11) the validity and universality.

3. CONCLUSIONS

Based on linear acoustic basic assumptions, combined with radiated ball source theory, this paper
establishs a mathematical model of the noise sources of a catamaran, aiming to analyse the characteristics
of underwater radiated noise of a catamaran from a mathematical perspective. Such conclusions can be
drew:

1. The two pieces of catamaran body can be simplified to two balls of radiation sources with the same
phase.

2. The equation (20) is the expression of sound pressure in the far field of the double pulsating balls, which
indicates that equation (20) is the special form of equation (11) to meet the far-field, so that we can use
the equation(20) to describe the characteristics of underwater radiated noise of a catamaran.

ACKNOWLEDGEMENTS

The paper is supported by National Natural Science Foundation China (No.51209052), Heilongjiang
Province Natural Science Foundation (QC2011C013), Harbin Science and Technology Development
Innovation Foundation of youth (2011RFQXGO021), Fundamental Research Funds for the Central
Universities(HEUCF40117), High Technology Ship Funds of Minersity of Industry and Information
Techonology of P.R.China,Opening Funds of State Key Laboratory of Cean Engineering of Shanghai
Jiaotong University(No.1307) , funded by China Postdoctoral Science Foundation (NO.2014M552661).

REFERENCES

1. YAO,X.L., WANGX.Z., SUN,L.Q., PANGF.Z. 2011. The Hybrid Method for Vibro-Acoustic Problem
of The Complex Structure. Journal of Vibration Engineering. 04:444-449.

2. PANGF.Z. 2012. Numerical Research on Truncated Model Method of Ship Structural Borne Noise
Prediction. Harbin Engineering University.

3. ZOU,C.P., CHEN,D.S., HUA,H.X. 2003.Study on Structural Vibration Characteristics of Ship. Journal
of Ship Mechanics. 02:102-115.

4. ZOU,C.P.,, CHEN,D.S., HUA,H.X. 2004. Study on Characteristics of Ship Underwater Radiation Noise.
Journal of Ship Mechanic. 01:113-124.

5. WANGL.C., ZHOU,Q.D., JI,G, XIE,Z.Y., MO,D.Y.2010. Approximate Method for Acoustic Radiated
Noise Calculation of Sub Cabin Model in Replacing Full-Scale Model. Chinese Journal of Ship
Research. 06:26-32.

6. WANGL.C., ZHOU,Q.D., JI,G. 2012. Effect of Longitudinal Beams on Acoustic Radiation of
Cylindrical Shell. Journal of Naval University of Engineering. 02:87-92.

7. ZHOU,Q.D. 1996. Coupled Finite Element-Boundary Integral Method for acoustic Radiation from
Slender Shell. Journal of Naval Academy of Engineering. 02:35-44.

8. JIN,GW., ZHAN,LK., MIAO,X.H., JIA,D., WAN,X.R. 2011. Vibration Transmissibility of A
Submerged Cylindrical Double-Shell Based on Reconstructing Velocity Field. Journal of Vibration and
Shock. 05:218-221.

9. MIAO,X.H., QIAN,D.J., YAO,X.L., HUANG,C. 2009. Sound Radiation of Underwater Structure Based

4444



INTER-NOISE 2016

on Coupled Acoustic-Structural Analysis With ABAQUS. Journal of Ship Mechanics. 02:319-324.
10.MIAO,X.H., WANGX.R., JIA,D., JIN,GY., PANGF.Z. 2012. A Numerical Simulation Method For

Predicting Sound and Vibration Characteristics of Big and Complex Cylindrical Structures. Chinese
Journal of Computational Mechanics. 01:124-128-34.

11. PANGF.Z., YAO,X.L., MIA,X.H., JIA,D. 2012. Research On The Exciting Force Of Equipment to Ship
Structure and Its Application. Engineering Mechanics. 07:283-290.

12. Du Gonghuan, Zhu Zhemin, Gong Xiufen, 2012. Acoustic Basis. Nanjing university press, Nanjing.

5
4445



