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ABSTRACT

This paper describes the design of the soundproof ventilation unit for installation inside the wall of a house.
For this purpose, the rectangular cube or elliptic cylinder form is reasonable as the unit shape. In this paper, at
first, the theoretical calculations of the sound pressure inside the rectangular cube and elliptic cylinder are
carried out by solving the wave equation. Next, the resonance frequencies of the higher-order mode wave
component are calculated for a rectangular cube and elliptic cylinder of the same volume. In order to have
more soundproofing efficient, the comparison of resonance frequencies of the higher-order mode wave
between the rectangular cube and elliptic cylinder is also discussed.
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1. INTRODUCTION

A large number of houses in developing Asia countries are being affected by road traffic noise emission
from motorcycles which create frequent klaxon sounds by reported (1.2,3). On the other hand, the use of
ventilation holes for providing healthy indoor air is commonly found in those countries. However, these
ventilation holes also provide direct paths for traffic noise to enter a residence by reported (4). This paper
describes the design of the soundproof ventilation unit for installation inside the wall of a house as shown in
Fig.1. For this purpose, the rectangular cube or elliptic cylinder form is reasonable as the unit shape. The
sound pressure propagating in the unit has a standing wave and higher-order mode wave components. The
latter occurs in the high-frequency range. The noise tends to increase in this frequency range due to higher
order mode resonance. In this paper, at first, the theoretical calculations of the sound pressure inside the
rectangular cube and elliptic cylinder are carried out by solving the wave equation. Next, the resonance
frequencies of the higher-order mode wave component are calculated for a rectangular cube or elliptic
cylinder of the same volume. In order to have more soundproofing efficient, the comparison of resonance
frequencies of the higher-order mode wave between the rectangular cube and elliptic cylinder is also
discussed.
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Figure 1 — Soundproof Ventilation Unit
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2. METHOD OF ANALYSIS

21 Rectangular Cube

The model of analysis is shown in Fig. 2. A cross-section area S, =axb and length L of

rectangular cube that has an input and output at both side, the cross-sectional area of them are
S, =a,%xb, and S, =a, xb, , respectively.
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Figure 2 Model of analysis

Wave equation in terms of velocity potential @ is given by
3 9 9 19°
+ + O=——9 1
(axz oy’ 8zzj c ot M

where c¢ is the sound velocity. Let <I>=\/§¢exp(jat) (j°=-1, w=kc, k:wave number) then
the general solution of Eq.(1) can be given as

o = ( Ae** + Be™* )( Csinax + Dcosox )( Esinmy+pcos 2 —Otzy) 2)

Here, j°= -1, A, B, C, D, E and F are arbitrary constants determinable from the boundary
conditions, other symbols are constants.
Let V,=-0d¢ /dx , V,==0¢ /dy and V.=-0¢ /dz are the velocity component in the x, y

and z directions, respectively. We assume the walls of the cavity to be perfectly rigid therefore the
boundary conditions may be expressed as

[1]at x=0, V. =0 3)
[2]at x=a, V,=0 4)
[3]at y=0, V,=0 5)
[4]at y=b, V,=0 (6)
[Slat z=0, V.=V, F,(x,y) (7
[6]at z=1, V.=V, F/(x,y) (8)

where V, and V, are the driving velocity at the input and output, £(x,))=1 at the input and

Fy(x,y)=0 elsewhere, F](x,y)=1 at the output and F,(x,y)=0 elsewhere.
According to the above boundary conditions, the sound pressure at the output side becomes

) cosh L ,
P =jkZS, zz {; U, D;’n +¢’")UL D:;’n} {cos(mzxjcos(nz} ﬂ 9)

m=on= | 4, ,sinh (,um,”L) 4, , sinh (,um’"L)
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2 2
o= (22 o (22) o (10
D,,= 42 [sin(mlm‘”]—sin(mﬂao“ H[sin(nﬁbm]—sin(nﬂbo“ ﬂ (11)
T mnrS, a a b b
D! = 42 [sin(m”a“ J - sin(mﬂ-alO ﬂ [sin(nﬂb“ j —sin(’mbLO H (12)
T o mnzS, a a b b

U, and U, are the volume velocity of input and output, respectively. Z =pc/S,

represents the characteristic acoustic impedance of the cavity, k: wave number, ¢ is the sound
velocity.

2.2 Elliptical cylinder
The model of analysis is shown in Fig. 3. A section area §,, and length L of elliptical cavity
that has an input and output at both side, the sectional area of them are S, and S, , respectively.
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Figure 3 Model analysis of elliptical cylinder

The complete solution of wave equation when expressed in elliptical coordinates is by references (5).

¢ = (4, exp(uz)+ B, exp(-4z)) Y C,Ce,(&,s) e, (11,5) (13)
m=0
where ce, (17,s) and Ce,(&,s) are the Mathieu function and modified Mathieu function of
mth-order, respectively. Other symbols are constants.
Let V,=-d¢ /dx , V,=-0¢ /dy and V,=-9¢ /dz be the velocity components in the x, y

and z directions, respectively. The boundary conditions are

[1at z=0, V.=-3¢/dz=V,F (&) (14)
[2]lat z=L, V.,=—0¢/dz=V,F,(£,n)
(15)
[3]at £=¢&,, V§=—8¢/8§=0 (16)
where



108,
E)(én)_{O elsewhere an

(e‘,ﬂ)={1 0=<¢<¢,) (18)

F
0  elsewhere

L

From the above boundary conditions ¢ can be determined and the sound pressure at the output

piston becomes
R)ut = Jkpc¢(§5 77,L)

b 1 coshu, .L
= jkZ, U———H —U,——"m" G | Ce (&s, e, (1., 19
] w;;( 0 ﬂm’i Sinh,uw.L m,i L ﬂm,i Sinhl[[mqiL m,t} m(§ m,l) m(ﬂ s ) ( )

where k is wave-number, Z =pc/S, , U, and U, are the volume velocity of the input and

output section, other symbols are defined by

[7[5 Ce, (€5, ) ce, (1.5, )cosh 26 — cos 2 d&dn

mi T e2x o€, (20)
[7] Cer(g.s,)cer (.5, Moosh 2& = cos2mydEdn
[ [0 Cep(Eos,)ce, (1.5, Neosh 2£ — cos 2y dédn o
YT € Ens, e (s, eosh 2E — cos 2m)dédry
1 2 2
/um,i = /lm,i - (kaw ) (22)
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3. RESULTS AND DISCUSSION
In the case of elliptical cylinder, the first term of Eq. (9) represented the sound pressure component of

plane wave. P, is great in the frequencies where the nominator sin L becomes zero, namely
C
kL=777r.‘.f=77ﬁ(77=1,2, ..... ) (23)

The frequency illustrated in Eq. (23) is called as the resonance frequency of plane wave. The second term
of Eq. (9) represented the sound pressure component of higher-order mode. P, is great in the frequencies
where the nominator sinh z,, ;L. becomes zero, namely

2

. c wa,,

lum,iL = J777T . fm,i = 2 \///i’m,i2 + ( 77 j (77 = O’ 1’ ----- ) (24)
za, L

Similarly, in the case of rectangular cube, resonance frequency of plan wave is the same as Eq. (23). The

resonance frequency of higher-order modes are given as following.

f’”’"zi \/ (’"7”) +(%] +(”T”j n=0,1,.....) (25)

For the purpose of attaching SVHU inside the wall, the cavity can be fabricated by a rectangular cube or

elliptical cylinder form. Be aware that the shape of the cavity has to be selected based on the fundamental

feature such as low resonance levels, less of resonance generation, high frequency of resonance in order to
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avoid reducing a size of the unit due to the use of a thick sound absorbing material. Furthermore, ideally, the
resonance frequency should be out of the range where human ears are most sensitive.

The calculation of the first resonance frequencies is performed by Eq. (24) and Eq. (25) for a
rectangular cube and two elliptical cylinders with the same volume. The dimension of the
rectangular cube is ¢=0.37m, 5=0.17m and L=0.6m. The dimension of the elliptical cylinder is
aw=0.18m, bw=0.11m and L=0.6m. The calculation results are shown in Fig. 4. It is clear that an

elliptical cylinder is advantageous in terms of less resonance generation.

@Rectangular cube

Mode (2.0 0.1) (2.1) i(4.0) (0.2) 41 @2

@ Elliptical cylindrical eccentricity 0.8

(2.0 .1 .0 0.2)

500 1000 1500 2000 2500 3000
Frequency (Hz)

Figure 4 The first resonance frequencies of higher order mode

4. CONCLUSION

This paper describes the design of the soundproof ventilation unit for installation inside the wall of a
house. The rectangular cube or elliptic cylinder form is reasonable as the unit shape for this purpose. The
sound pressure propagating in the unit has a standing wave and higher-order mode wave components. The
noise tends to increase in the frequency range due to higher order mode resonance. At first, the theoretical
calculations of the sound pressure inside the rectangular cube and elliptic cylinder are carried out by solving
the wave equation. Next, the resonance frequencies of the higher-order mode wave component are calculated
for a rectangular cube or elliptic cylinder of the same volume. In order to have more soundproofing efficient,
the comparison of resonance frequencies of the higher-order mode wave between the rectangular cube and
elliptic cylinder is also discussed lead to the conclusion that using the elliptical cylinder in the unit will be
more soundproofing efficient.
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