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A model for manufacturing windows which are capable of ventilating, reducing traffic noise and so on for the developing tropical countries is pre-

sented. These windows combine two basic components which are ventilation unit and lighting unit. The former also serves as an import function in

reducing noise. Due to the fact that the ventilation unit must have a large volume to attenuate low frequency noise, many resonance of higher-order

mode wave will be generated inside the unit. In this work, a method to predict the insertion-loss of rectangular ventilation unit with input and output

openings at various positions is proposed by solving the wave equation, considering the resonance frequencies of higher-order mode. The results of

the analysis have been confirmed by experiments.
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1. INTRODUCTION

Sealing up type's doors and windows are widely used in the
current houses to intercept an inside outside. Needless to say,
some equipments such as air conditioners are necessary to
keep a comfortable temperature indoor while such doors and
windows are closed and the using duration of such equipments
is often limited because of the power consumption cost and
health.

Being popular in countries with tropical climates, casement
windows are consisted of two wooden frames that can be
opened and closed at various angles. The windows are typi-

cally opened during the day for air, naturally ventilating the

room, and closed at night or when it rains. Even when closed,

room ventilation is still achieved because the windows are
constructed with ventilating slits. However, the annual in-
crease in traffic noise and number of motorcycles and automo-
biles in developing tropical countries have rendered these
windows to be useless because the ventilating slits on these
windows serve as a direct pathway for traffic noise to enter the
home. Consequently, windows types which are most suitable
for such developing tropical countries must be able to ventilate,
regulate light, and protect against the cold. In addition, they
must have the ability to reduce noise and pollution from motor
vehicles. Not only for the tropical climate countries, this kind

of windows is thought to be possibly applied to countries
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around the world in order to prevent global warming that we
have now facing, namely, refrainment from the use of energy
that destroys the natural environment.

In this paper, we present a conceptual model for manufac-
turing windows to achieve the above goals. We will refer to
these windows by the acronym SPCW. These windows com-
bine two basic components which are ventilation unit and
lighting unit. The former also serves as an import function in
reducing noise. Due to the fact that the ventilation unit must
have a large volume to attenuate low-frequency noise, many
resonance of higher-order mode wave will be generated inside
the unit. Consequently, it is necessary to take into considera-
tion the selection of size and placement of input and output
openings in such a way that would minimize the effects of
higher-order mode in order to have a great soundproofing ef-
fect. In this article, a method to predict the insertion loss of
rectangular ventilation unit with input and output openings at

various positions is proposed.

2. SPCW’S DESIGN AND ANALYSIS

As shown in Fig. 1, SPCW combines two basic compo-
nents: ventilation and lighting. The lighting unit can be con-
structed using one or, for increased soundproofing ability, two
glass layers which are mounted at an incline between two ven-
tilation components with input and output openings. This

particular design is able to prevent rain from entering the room.
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In addition, we could add an accessory part that would
close all input or output openings to prevent cold air or fumes

from motor vehicles or insects from entering.
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Fig.1 Design of SPCW

Let we find the sound pressure on the input and output of
the ventilation unit as shown in Fig.2 The input and output

have a sectional area

y 2a, of 8 =2¢x28 and

» WD 5, S,=2a,x2f, which
7 2 its center is located at

125 L point 7 (x;,y,,0) and

0 a x O (x,,b,z,) , respec-

Fig. 2 model of ventilation unit ~ tively:
The complete of the

wave-equation in terms of the velocity potential ¢ when

expressed in rectangular coodinates is given by

¢ = ( Ae' + Be™** )( Csinax+ Dcosax )

(Esin\/s2—a2y+Fcos s2—a2y) (1)

where A, B, C, D, E and F are arbitrary constants deter-
minable from the boundary conditions, a, s and p are con-
stants.
Let V,=-0¢/ox , V,=—0¢ /0y and V,=—0¢ /0z are
the velocity component in the x, y and z directions, respec-
tively. Assuming the walls of the cavity to be perfectly rigid

and the loss at the wall can be neglected, the boundary condi-

tions are
[1] at x=0, V. =0 2)
[2] at x=a, V. =0 3)
[3] at y=0, V, =0 “
[4] at y=b, V,=0 %)
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[5]1 at z=0, V.=V, F(xy) (6)

[6] at z=L, V,=0 @)

where 7, is the driving velocity at the input, F(x,y) is the

function which has a value of 1 at the input section area and 0

at the other area,
Vim B<y<y+pB)

After the computation based on Eq.(2) until Eq.(7) is per-

namely (x,—o, <x

i

<xy+ta, ,

formed, the sound pressure on the side where the output lo-

cated can derived as

B ) COSh(ﬂm,n(Z_L))
P =jkzZUS, ;}; /J,MT(,U,,,,,L)

cos(m”xjcos(nﬂ) (8)
a

m,n

where

ty, =+ (mz/a) +(nz/b) —k’ ©)
D, = 162 cos(mﬂxi jcos(n”y’]
T mnrxS, a b

x sin[%]sin(%j (10)
a b

U, =V.S, isthe volume velocity at input.

kand Z,  are the wave number and cavity impedance, respec-

tively. Therefore, the average output sound pressure becomes

]30 = LIX”% J‘ZM[}" P (x,b,z)dzdy

SO Xo=ay Y-
= = Eﬁ‘lﬂ
=jkZ U, _ 11
Jjkz, Z o sinh (1] (11
where

Y= Y20=Fy

waao J-zo+ﬁo COSh(lumﬁ(Z_L))COS(@Jdde (12)
a

Moreover, expanding the above equation corresponding to

variation of m and n, we have

— R - ﬁ
P-jZU B .Ro,o N . m,0
ksm(kL) m=1 Mo s1nh(ym_0L)
SR, ) (13)

;uo)nsinh(,uo,,,L) ~ u,,sinh(u, L)

where
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Roo = —SLO :j: I(:’jﬁ’ cos(k(z—L))dzdx

= _SL%{ sin(k(f, + L — z,) +sin(k(B, — L + z,) } (14)

0

Similarly, the average sound pressure on the input is given
by

1 pxite

Pert

yith
S, i J‘y,—/;" P(x,y,0)dxdy

. ———F, (15)
"= w,,,sinh (g, L) "
where the level E,  corresponding to (m, n) modes is

m,n

given as

E =Sy p [T cos(@)cos(@]dxdy (16)
vi=h a b

m,n m,n
’ S. =
i

On the other hand, insertion loss /L defined by [1]

2
Y

W
IL=1010g_==10log (17)

0

2

Here, W and W, are the radiated power at one point in
space with or without the acoustic element inserted between
that point and the source. The ratio of U, /U, is equal to the
D parameter of four-pole parameters as far as constant velocity
source be concerned.

When the acoustic element is connected with 3 elements in
series, as the sectional area of element 1 and 3 are sufficient
small to compare with those of element 2 the D parameter of
whole system can be described by the following approximated
equation

D =(coskl,) (C,) (jZ,sinkl,) (18)

where C, denoted the four-pole parameters C of element 2.
As shown in Eq. (17) and Eq. (18), in order to obtain a reliable
IL effect, D parameter must be high enough. In other words,
the design of element-2 to have a high enough C, is de-

manded. Note that, C, can be derive as
C =— (19)
where P, is defined by Eq.(13).

3. RESULTS

C, is defined by Eq.(19) including the average output
sound pressure P, as shown in Eq.(13) at its denominator. In
order to obtain an /L effectively C, must be at great, in other
words, low level of P, is preferable. Referring to Eq.(13),
sin(kL)

and g, , sinh( ymL) are zero, namely, at the following reso-

F, becomes great when its denominator

nance frequencies of
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Cc

sin(kL) =0 C=n—
(kL) Jo ;

(n=1,2,3..)  (20)

7. sinh(ym,nL) =0

_e f(maY  (22)  (22)
fm’"_27r\/( a j +( b ] +( L] (7=0,1,2,3....)

@1

The f, represents the resonance frequencies of the plane

wave and f

m,n

represents those of traverse wave. Generally,
at the frequency range where the traverse waves are generated,
the sound pressure P, will increase and when the resonance
frequencies of other modes co-occur, C, will be small and
the /L can not be expected to be as great. Generation mecha-
nism of these frequencies can be understood according to the
calculation example shown in Fig. 3(a) with (2,0) and (4,0)
modes. Sound pressure level of those wave components in dB
are shown in Fig. 3(b). They also have many resonance fre-
quencies which occur corresponding to the increasing of 7 in
Eq.(21). Therefore, it is clear that when we eliminate an arbi-
trary higher-order wave mode by any method, we will not only
avoid many resonances generated by this mode but also obtain
the low level of the entire output sound pressure.

Figure 4 shows the measured and theoretical results in case
of point A (a/2, b, L/2) located on the top of the cavity. By lo-
cating at z=L/2, Eq.(11) becomes

P, =P(al/2,b,L/2)

m=0n=0 W Dm,n

x cos(%}cos(nﬂ) (22)
Moreover, expanding the above equation with mode (0,0)
we have

P =jkzZUS, l ;
2 | ksin(kL/2)

1 mrx
—D — 23
+Z . sinh(ym,,,L/Z) o cos( 5 jcos(nﬂ)} 23)

As a result, the denominators of P, become

sin (kL /2) and sinh(ym’nL/2). Calculation examples of
mode(0,0) and mode(4,0) are shown in Fig.4(b). The frequen-
cies at which sin(kL/2) and sinh( L/ 2) become zero

correspond well to those of the measured results shown in Fig.
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4(a). By using Eq.(16) the optimized positions of input and

output can be determine as shown in Fig.5 and Fig.6.

3. CONCLUSIONS

The characteristic of sound propagation in the rectangular
ventilation has been presented by solving the wave equation,
considering the higher-order mode effects. Based on the ob-
tained results, the cause and mechanism of resonance frequen-
cies of parameter C are discussed in detail. To prove the theory,

experiments were carried out and excellent agreement is ob-
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Fig.3 Physical meaning of Eq.(13)
(a) calculated example of Eq(13) with (2,0) and (4,0)
mode. (b) Spectrum of (2,0) and (4,0) mode
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Fig.5 Sound pressure level of (m,0) mode with
the variation of ¢,
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tained. The formulas derived from the present study enable the
account of the insertion loss of the ventilation in practical ap-

plications.
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Fig.4 Resonance frequencies appear in the
ventilation unit. (a) measured result (b) com-
puted result of the denominator of Eq.(23).
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the variation of J,

Nishimura et al. 144



