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This paper focuses on the problem of sound radiation of a Liarenonically vibrating
rectangular piston embedded into one of two baffles configspatially as the two wall cor-
ner. The sound radiation pressure and sound radiation paatére and reactive, have been
presented as their Fourier representations using the Griegiction. The directivity pattern
has been expressed in terms of some elementary functionsagie radiation efficiency has
been expressed as a low frequency approximation. The etamgeormulas obtained make
it possible to clearly interpret the influence of the bafflétvweo wall corner on the sound
radiation of the piston.

Key words: modal and total radiation efficiency, sound radiation, sbpnessure, sound
power.

1. Introduction

Theoretical research on some mutual interactions and sound radidsome vi-
brating piston sources located within the plane of rigid baffle are well knjdwa].
Some sample experimental investigations indicate that the baffles plagemtiatrole
in the sound power radiated by some flat sources [5]. Especially immcataustic
processes appear for some low frequency radiated waves whiclalgpeefers to the
active sound power.

The main aim of this paper is to analyze the influence of the two wall corner on
the radiation efficiency of a rectangular piston. Green’s function in itsiEorepresen-
tation has been used to express the sound pressure radiated, adtieaetive sound
power and radiation efficiency as well as some elementary formulaterestteen ob-
tained that are valid for the directivity pattern. Some elementary asymptotiwufas,
describing the radiation efficiency of the source within the low frequeaonge, have
been presented. The formulas show how the quantity depends on theceistiathe
source’s center from the two wall corned and how it depends on vibr&gguency.
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2. Sound radiation pressure and sound radiation power

The following time dependence has been assumed—iwt). The sound pressure
radiated by a vibrating surface source into the two wall corner < x < oo, 0 <y < 00,
0 <z < o0, i.e. the region bounded by two rigid orthogonal half plages 2 = 0
(cf., Fig. 1). The sound source is located in the half-plane 0. The radiated sound
pressure amplitude has been formulated using Green'’s function [6]

p(xa Y, O) = Z.]{:QOCO¢($7 Y, 0)

= —ikQOCo/G(m,y,le’,y’, 0) o¢ ds’, (1)
on’ 2'=0
S/
given that
d¢ 0¢ o(d,y) for o'y €5 2
on’ 2/=0 - 07 /=0 B 0 otherwise 2)

whereG (z,y, z | 2, v/, 2’) is Green’s function of the Helmholtz equation that satisfies
the homogeneous Neumann boundary value conditiong terz = 0 formulated for
the region of—c0 < x < 00,0 < y < 00, 0 < z < oo. Green’s function has been
expressed as follows [7]

) +o0o +oo

i
G(z,y 2|2 y,2) = = / / cosny’ cosny

7r

E=—ocon=0

, cosyz exp(ivz’) for z <z <z <oo0) dédn
x expli&(z — 2')] , . , —, (3
cosvz exp(ivz) for 2 <z <z <o y

wherey? = k2 — €2 — 2.

It has been assumed that a rectangular piston, vibrating time harmonmidtilshe
normal components of vibration velocityt) = vy exp(—iwt) wherevy = const, is
the sound source. The piston is embedded into the rigid half-plane (cf., Fig. 1).

Fig. 1. The sound source located near the two wall corner.
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After integrating Green’s function in Eq. (1) along the rectangular pistofase, the
following expression for the radiated sound pressure amplitude at the pféhe piston
has been obtained in its Fourier representation

o sm a/?2
p(r,y,0) = QOCO/ﬂJo / / cos(nyo) sin(¢e/2)

fa/2
5——oo =
sm(n /2) | dedy
X S exp(ifx) ; 4)
whereas the time averaged radiation sound power
1 *
N = §/p(x,y)v (z,y)dS, (5)
S

has been expressed in its Fourier representation

/ /°°sm (€a/2) sin?(nb/2) dédn

N = goco(abup)? €122 (1b/22 cos®(nyo) - (6)

§1=—o0om=

wherev* is the conjugate value for the piston vibration velocity amplitudeV =
N’ —iN"”, N’, N"” are the real and imaginary components of radiation sound power,

respectively. The change of variables introducing the polar coordifiaté < g — 700,
0 < ¢ < min the plane of complex variable= 6’ + i6” and using transformations

& = ksinf cos p, 1 = ksinfsin g, (7)
wherey = kcos 6§, dédn = k?sin 6 cos § dddy has provided

w/2—ico 1

N k*ab b
NGO 5 / / M?(0, ) sin 0 dfdy, 8)

instead of Eq. (6) where

N = lim N(k) = 90260 abv?, 9)
whereas
. a/2 Y2
M0, ) = = / exp(ikx sinf cos p) dx/cos(kysin@sinﬁ)dy
a
—a/2 Y1

1 1
sin <§ka sin 6 cos gp) sin (5 kbsin 0 sin <p>
= cos(kyosinfsiny) (10)
1. ...
§ka sin 6 cos @ 5/{:1) sin # sin
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is the characteristic function that is also useful to express the cormisgodirectivity
pattern

R(0', o) = [M(0', ). (11)

Equation (8) has been expressed as a sum of two t8rmsN; + N,. The first term

™/2~i00 w s1n< k:a51n9cos<p>

Ni Kb / /
N(®) 972

§kza sin 6 cos ¢

sin <%kb sin 6 sin <p>
X 1 sin 6 df dy (12)
§kb sin # sin

2

describes the radiated sound power (active and reactive) of a vilpgasiton with only
one baffle (cf., Ref. [3]). The second term

m/2—ico « sm( kasm@cosgo)

Ng ~ k?ab / /
N(®) — 272

1
sin <§ kbsin 6 sin gp)
X 1 cos(2kyp sinfsinp) sinfdfde  (13)
5/{:1) sin @ sin ¢

§ka sin @ cos

2

represents the additional sound power radiated by the piston as a aense@f acous-
tic interaction between the piston and the baffle orthogonal to the piston plane.
3. Radiation efficiency

The radiation efficiency has been defined using Eqgs. (12) and (I8)@ss

2

N kb /2 m sm( kasm@coscp)
o = Ne 2 /sm@d@/
kasm@coscp
1 2
sin <§k:b sin f sin gp)
X [1 + cos(2kyp sin O sin )] dep. (14)

1
5/{:() sin #sin @
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In the specific case whéu /2, kb/2 < 1 the following expansion series has been used

1 .
sin? zsin?y/(zy)? ~ 1 — 3 (2% 4 3?) which leads to

w/2

 Kab /
77 on2

0

sin #d0 /[1 — (K*/12) sin? 0(a® cos® ¥ + b sin? 9)]
0

X [1 4+ cos(2kyo sin @ sin )] de. (15)

During the integration along variabjethe following equation has been used [8]

™

/Cos(z sin @) cos(2np) dp = wJop(2), n=0,1,2,..., (16)
0
leading to
5 w/2
;o hab / F()sin 6 dg, (17)
2
0
where
2 2
2 _ 2
+(kb)2—4(k:a) sin? 0 J2(2kyo sin 0). (18)

Sonine’s integral has also been used (cf., Refs. [8, 9])
w/2
, » 24 (4 1
/ J,(zsin6) cos® 1 g sin”" Tt Hdh = % Jytpt1(2) (19)
0

given thatRe v, Re u > —1. Further, the Bessel functions , ; , forn = 0,1,2,3, ...
have been expressed by some trigonometric functions giving

o =a0[1+ 0+ E(ka,b,30)]. (20)
Uo
where it has been denoted = k?ab/27, uy = 2kyo, and
1 /s
csx = — (Smx—cosx>, (21)
r \ x
_ (ka)® + (kb)? [csug—sinug 1

N (kb)? + (ka)? 3csug — sinug
24 U ’

(22)
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/2
In Eq. (22), the following integral values have been usgdJy(zsiné) sinfdf =
0

w/2 /2
sinz/z, [ Jo(zsind) sin"30d0 = (sinx — csz)/z, [ Jo(zsind) sin360do =
0 0

(3csx —sinx)/x. In EQ. (20), quantity (k, a, b, yo) represents a correction for all the
reflected waves. It has been determined by neglecting all the termsriogtéia)*",
(kb)*™, (k2ab)®™ for n > 1. An increase in the range &f where Eq. (20) is valid, can
be reached by including some more successive approximation texmste expansion
series of functionf(z,y) = (sinz/z)%(siny/y)?, wherez = (ka/2)sinfcos, y =
(kb/2) sin 0 sin ¢ in EQ. (14). Quantity

B k2ab _ 278

o2 N2
represents the radiation efficiency of a vibrating rectangular pistonduhelddnto a flat
rigid baffle in the case of a single baffle whefe= ab andk = 27 /. On the other
hand, increasing the distance between the two wall corner and the pigtorefigth
Yyo) results in decreasing down to zero in amplitude of oscillating t&rm /o, i.e.,

the influence of the two wall corner on radiation efficiency of the pistonstes.

g0

(23)

4. Concluding remarks

A theoretical analysis of the influence of the two wall corner on the acofistit
generated by some time harmonic vibrations of a rectangular pistoneshascbeen
performed. The sound pressure radiated, the complex radiationl gmwer and the
radiation efficiency of the source have been expressed as their Fexp@nent-cosine
representations. For this purpose, Green'’s function for the Helmhgliztion, for the
Neumann boundary condition and “the sharpened Sommerfeld radiatimition” sat-
isfied, has been used. The directivity pattern has been expressedi@mienéary form
(11) including the influence of the two wall corner on the sound pressutiated. The
two terms of complex radiation sound power (12) and (13) as well asatfiation ef-
ficiency (14) have been expressed in their integral forms. Equat@niglenough if
only one baffle appears whereas the two wall corner requires thefswo terms, i.e.,
Egs. (12) and (13). The second term represents the correctiohtfoe eeflected waves.
In the specific case when the linear sizes of the source are small easugimpared
with the wavelengths radiated then the radiation efficiency can be appredmath
Eqg. (20) where the term representing the reflected waves has begatsepand mainly
depends on the distangg between the source and the two wall corner, and on the
acoustic wavenumbé. All the computations presented in this paper are valid for the
acoustic radiation of a flat piston. However, the method presented teneieasily be
used for such sources as circular plates and rectangular plates.fllieade of the air
column on source’s vibrations and sound radiation can also be inclsiteglpresented
results.
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