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PRINCIPLES OF NOISE CONTROL

ne source of the sound

ne path through which the sound travels
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Figure 3. Typical noise control procedures




Noise Control at the Source
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Noise Control in the Transmission Path
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Noise Control at the Receiver
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Acoustical AMatcrials and Structure s
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FIGURE 8.2 WMaterial performance as a function of incident
sound wave frequency: (a) experimental configuration
(material unexcited). (b) exaggerated motion of the material
due to low-frequency excitation. (c) high-frequency excitation
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This expression may be converted to ““level” form by taking log,, of both
sides and multiplying through by 10:

4.0 W,
| :r,.-

P ref

| A
reverberant direct
sound feld sound field
As discussed in Sec. 5.1. the value of the last term in Eq. (7-17) for air at

101.3kPa and 300K is 0.1dB. The final form for the expression for the
steady-state sound pressure level in a room may be written as follows:

4 0
L = L“/ -+ l()l)‘_‘l(,(l 4.” )-+ 0] (7"8)
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FIGURE 8.4 Some typical space absorbers
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LP =LW —10logV+10logT+14

room volume (ft’ or m’)

total room absorption (ft* or m”)

or. 1n metric units.
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Silencer

“ EXPANSION CHAMBER MUFFLERS
“ DISSIPATIVE MUFFLERS




EXPANSION CHAMBER MUFFLERS
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For the special case in which the inlet tube and the outlet tube have the
same cross-sectional area, v = 8,/5, = 1, Eq. (8-128) reduces to the lollow-
INg eXpression:

l/ay =1 +1(m—1/m) sin°(kL) (8-129)

The transmission loss obtained from Eq. (8-129) 1s plotted in Fig. 8-15.
It 1s noted from Eq. (8-128) that the transmission loss 1s a maximum
for the frequencies corresponding to the following condition:

kL = 2nfo L = (n — (m=1.2,3,...) (8-130)
- 7

I _—(n—%]r: n=1,23 ) L—(”_%]c —=1.,2.3

o =21 =S =37 (n=123...)




For the special case of v = 1, the maximum transmission loss expression 1s
as follows:

(1/a)max = 1 +%[m — ];’;lu‘-rj2 (8-133)

We also observe that the transmission loss 18 a muinmum for the fre-
quencies corresponding to the following condition:

kL =nm mn=1,2.3,...) (8-134)

nc

fo=37 (1=1,23..) (8-135)

The minimum transmission loss expression 1s as follows:
¥
1 1 +v)” . .
1)y U+ (8-136)
ay /) i 4v

For the speaal case of v=1, (1/a;), = | and TL,;, = 0dB.
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8.5.2 Design Procedure for Single-Expansion
Chamber Mufflers

If the same parameters are given or known as in the case of the side-branch
muffler design given in Sec. 8.4.2, we may develop a similar design proce-
dure for the expansion chamber muffler with a single expansion volume.

D1. The resonant frequency (or center frequency) for the optimum
expansion chamber muffler 1s the arithmetic average of the low and high
operational frequencies, f; and f5. of the muffler:

fo =11 +12) (8-137)

D2. The optimum length of the expansion chamber corresponds to the
situation in which the transmission loss 1s maximized at the center or reso-
nant frequency, as given by Eq. (8-131):

(n— Ve
2/

D3. The value of the integer » may be estimated by satisfying the
following condition:

koL — kL~ 3 (8-139)

I = (n=1.2.3....) (8-138)

If we substitute for the expansion chamber length from Eq. (8-138), the
following expression is obtained for the approximate value of the integer n:

p
l ]
T

n ==

(8-140)
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Example 8-8. A cylindrical air conditioning duct has a diameter of 250 mm
(9.84m). The fluid flowing in the duct 15 air at 10°C (50°F) and 105kPa
(15.23 psia), for which the sonic velocity ¢ = 337.3 m/s (1107 ft/sec) and the
density p, = 1.292 kg/m" (0.0807 b, /ft"). It is desired to design a single
expansion chamber muffler that has a minimum transmission loss of 6dB
for the frequency range between 177 Hz and 354 Hz.

The center frequency for the muffler may be determined from Eq.

(8-137):
fo=3(fi +f2) £, =1077+354) = 2655 Hz

The estimated value of the integer » may be found from Eq. (8-140):

f (265.5)
| il 1
na~z4d —oD"o—mm—m = = 1.25
oy "t ecs-m
We could possibly use either n =1 orn = 2.
Let us check the results when using n= 2 first. The length of the
mulffler 1s found from Eq. (8-138):
Te 7 _1
'“ D65 eim3lom)
At the lower frequency (177 Hz) in the operational range for the muffler, we
find the following value for &, L = 2nf, L/c:
2mf, L | (2 177)0.953)
: = — 1), kDL = = 3.1416rad = mrrad
T =(—gm ‘ (337.3)

As shown by Eq. (8-134), the transmission loss for v =1 and kL = 7 15
TL = 0. so the value of n = 2 cannot be used.

Let us try the other possibility, n = 1. The required muffler length 1s
found from Eq. (8-138):




1), R
PO Ll U NN L (L1

T . 372653) =0.318m = 318 mm (12.50 in)

For the lower frequency, f,, we find the following value for the parameter
.IEflL:

(2 1T7TH0.318)
i 1 = =
= (n—3)n kL (337.3)
The sound power transmission coefficient (or the reciprocal) at the

lower frequency corresponds to the minimum design transmission loss:

TLyin = 6dB = 10 log,,(1/a,)

2nf, L

C

kL — 1.0472rad = %:r rad = 60°

1/a, = 10" = 3.981

The required size of the expansion chamber may be found from Eq.

(%-129):
1/a, = 3.981 = 1 + L(m — 1/m)"sin"(7/3)

~ e T /7
ZI/ZZ = Z:\l/l.ﬂ\l e 52/51 =M - 1/m —% = 39874
sin(f

m —39874m —1=10
If we solve for the area ratio, we obtain the following value:

m o= 1.9937 4+ [(1.9937)" + 1]"- = 4.224 = 8,/ 8, = (D>/D,)
The required expansion chamber diameter 1s as follows:

Dy = (250)(4.224)"% = 514mm (20.2 in)

The maximum transmission loss for the muffler occurs at the center
frequency. f, = 265.5 Hz. The value 1s determined from Eq. (8-133):

(1/@)max = 1 + H[4.224 — (1/4.224)°] = 4975
TLyy = 10log,,(4.975) = 7.0dB
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attenuation coefficient




1 Mf.. E.
Material kg,-"m"‘ Hz-k g,-"m2 1 GPa

Aluminum (2014) 2,500 34,090 0.001 73.1

Brass (red) 3,710 8,710 155,200 0.001 103.4

Brick 3,800 1800 31.250 0.015 25.0
Chipboard 675 750 73,400 0.020 ().340
Concrete 2.960 2.400 50,200 0.020 20.7

(lass 5.450 2,500 30,300 0.0013 71.0

Granite 4.413 2,690 40,270 0.001 45.3

Gypsum board 6,790 650 6,320 0.018 29.5

Lead 1,206 11,300 819,000 0.015 13.8 (.40
Lexan™ 1.450 1.200 54,650 0.015 2.12 0.40
Marble 4,600 2,800 40,200 0.001 55.2 0.26
Masonry block (6in) 3,120 1.100 23.300 0.007 10.6 0.10
Plaster 4,550 1,700 24,700 0.005 32.0 (.30
Plexiglas™ 2,035  1.150 37.300  0.020 4.00 040
Plywood 3,100 600 12,780 0.030 4. .86 (.40
Polyethylene 765 U35 80,700 0.010 (.48 (.35
Pyrex 5,350 2,300 28,400 0.004 62.0 0.24
Rubber (hard) 1,700 950 36,900 0.080 2.30 0.40
Steel (C1020) 5,100 7.700 99,700 0.0013 2000 0.27
Wood (oak) 3,860 770 11,900 0.008 11.2 0.15
Wood (pine) 4,680 640 8,160 0.020 13.7 0.15

*¢p 1s the longitudinal speed of sound; g, is the material density; Mg = ph = surface
density; f. 1s the critical or wave coincidence frequency, n i1s the damping coefficient;
E 15 Young's modulus; and o 1s Poisson’s ratio.
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W.. S,Qcosf S,
a, = = + (8-195
W, dd- R )
The transmussion loss for the chamber 1s given by the following expres-

slon:
TL = 10log,y(1/a,) (8-196)
Joiam 2N (8-190)
|l —a

The surface area S is the total surface area of the chamber, including the
lined surface area S; and the area of each opening S:

S =S, +28, (8-191)

The average surface absorption coefficient @ may be determined from the COS () o 1"’1 ./(!

following expression, assuming that the absorption coefficient for the open-
Ings is unity:

s E2E

Y — 8-192
o S (8-192)




cos? l1-o

A trenuation = 10log ( Sy + -
i W

]]3' dB

)=—10Iog {SEE

S, | cos(8)/27d” +(1-a)/aS,; |

cosf =W /d

Totdl aterniction=(3N+A4)
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