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It is widely accepted that in the case of a cylindrical tube, in which an acoustic pressure wave
propagates, the existence of a lateral side branch produces an acoustic filter in the low frequency range.
It is thus possible to reduce the intensity level for the passing away wave the derivation section. The
problem presented in this paper represents the beginning of our researches in this field and deals with
modification of certain spectral components of the acoustic wave propagating in the tube. A limited
number of side branches with different characteristics have been used.

1. INTRODUCTION

In Fig. 1 1is presented such a tube,
considering the right side of the tube as infinite, so
there are no reflected waves.
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Figure 1. The first model of tube

The expressions of pressure and particle
velocity are for plane wave:

i(ot-kx) ,

p, =Pe >

p — P ei(wt+kx) .
. r r . > (1)
pt — Ptel(u)Hkx); pd — Pdel(ut; V= p/pc

Considering volume velocity U = vS, where
S is the cross-sectional area of the tube, for X = 0,
we have:

P+P =P =P:U-U =U +U, (2)
Solving equations (2), we obtain:
P 052, P _ Z, 3)
P Z,+05Z P Z,+05Z,

where: Z; = pc, is the characteristic impedance of
main tube; Zg = Ry + iXq is the impedance of the
lateral tube, with Ry — the acoustic resistance and
X4 — the acoustic reactance.

In section x = 0, we have for different kind
of acoustic energy:

In this way the energy transmitted through
main tube can be controlled.

2. TUBE OF FINITE LENGTH

The tube in Figure 2 is limited to length I,
and .

Figure 2. The second model of tube
The formulas (2) changes to:
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P+P =P, +P =P

(5)
U +U =U,-U,+U,

and the second equation (7) can be replaced with:

Pi _Pr Plt _Plr +£ (6)
ZOI ZOZ Zd
in which
Z,=-1Ztgkl; Z,, =iZ tgkl, (7
Noting
P,=RP; R = ;02 —Z. )
02 + Zc (8)
A= Zol[Zd(l_Rl)+ ZOZ(l + Rl)]
ZOQZd (1 + Rl )
we obtain
i _1-A
P 1+A°
)
& _ 22,2,
P Z,(Z,+Z,)1+A)1-R,)

and for transmitted pressure, we can obtain a
simpler form:

P, _ 2
= 7
i l4rz, + 22
a (10)
I-R Z
L= Sz, =
1+R, Z,

The energy transmission coefficient is:

If in expressions (9) and (10) there are
replaced Zo; = Zg, = Z, Ry =0, then the formulas
(3) are obtained.

3. THE IMPEDANCE OF THE SIDE
BRANCH

The effect of the derivation is taken in to
account by the expression of Zy in two distinct

cases:

a) Closed end side branch

2
7 =i | —cctgkl + o ——|,
o) (11)

mTa
I'=1+0,85a
b) Open end side branch
72 =i-P_(c tgkl + I'o)
¢ na’ (12)
I"=1,7a

4. THE EXPERIMENT ON FOUR SIDE
BRANCHES TUBE

We tested a four side branches tube mounted
in an anechoic chamber of our Department. In the
tube entering section white noise was generated.
Two calibrated microphones were mounted in the
input section and the output section respectively. In
Figure 3 the set-up of this stand was represented.
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Figure 3. Dimensions: L; = 370 mm; L, = L; = L4= 500 mm; Ls = 630 mm; D = 180 mm; [, = 100 mm; 1, = 200
mm; 1; =300 mm; d = 55 mm; Conventional signs: LS — loudspeaker; M — microphone; PA — power amplifier;SG —
signal generator; MA — measure amplifier; AD — analog-digital convertor; PC - computer
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It is accepted that a side branch mounted on
a pipe works as a filter for low frequencies of a
propagated sound through the tube. We did a lot of
tests for finding the optimal situation of low
frequencies attenuation for radiated sound at the
output section and we select three diagrams for the
reason of this work: a) tube without branches
(Figure 4); b) tube with open side branches in two
situations: Fig. 5 — empty side branches; Figure 6 —
filled with acoustic absorbent material side
branches. In these three last figures there are
plotted the diagrams of spectral density at input
section (1,5 line) and at output section (0,5 line). A
comparison of these diagrams and a critical
examination will be doing in following section.

5. THE DIAGRAM ANALYSIS

The side branch effect on the sound depends
on its impedance Zgy, with its acoustical resistance,

The side branch has a reactance which acts
upon the noise passing through main tube. If the
side branch has an important resistance, it
dissipates more energy of acoustic wave. In (13),
the second part of Ry represents the resistance of
radiation.

The main tube natural frequencies are
calculated with formula [2]:

3nnc
2(3n+4D)

(14)

In the (0 +1000) Hz domain, they are: f, = (66;
132; 198; 264; 330; 462; 528; 594; 660; 726; 792;
858; 924; 990) Hz.

The four side branches (1,2,3 =4) with open
end section have natural frequencies:

f. =1370n Hz;
R4 and reactance, Xq. For the open end side branch, n ez
the expression of acoustical impedance is f,, =770n Hz;
f,,=f,,=340n Hz,n=1.2,...
2 '
7, =R + Pk i4p<(’112‘°,
2n 2 i (13)
pOCk U
R, =R S I=1+1,7d
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Figure 4. The spectral density of the generated and radiated noise - case I

In Figure 4 the two curves representing
spectral density of the generated and radiated noise
respectively, present the peaks of resonance at
approximately the calculated frequencies. The
generated noise is a white noise, but it interferes

with reflected wave on the tube end section and
this one stimulates its frequencies, which are equal
to natural tube frequencies.

These natural frequencies are well visible on
each of two spectrograms (but less visible for
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frequencies smaller than 300 Hz), on the shape of
the curve representing spectral density of the
radiated noise. The level of radiated noise is

strongly amplified for the frequencies higher than
300 Hz.
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Figure 5. The spectral density of the generated and radiated noise - case Il

In Figure 5 it is visible that the level of

because the waves in main tube are influenced by

radiated noise is smaller than the level of generated the secondary waves produced in the side
noise in the domain (0 + 350) Hz frequencies. The  branches.
peaks of the two curves are little misplaced,
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Figure 6. The spectral density of the generated and radiated noise - case II1

Figure 6 represents the most convenient
situation from radiated noise attenuation point of
view. The radiated noise level reduction versus
generated noise level is visible for all domains of
frequencies. The stronger attenuation is realized on

(0 + 350) Hz domain, with approximate values: AL
= (11 dB at 100 Hz; 6 dB at 150 Hz; 5 dB at 200
Hz; 14 dB at 250 Hz; 15 dB at 300 Hz; 6 dB at 350
Hz). The dissipation of acoustic energy is realized
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by side branch radiation and by inside side branch
attenuation through absorbent material.

The experiment showed us that the close end
side branch produces relatively smaller attenuation
than the open end side branch. In addition, in these
cases the amplification of some high frequencies of
the radiated noise spectrum is produced.

In conclusion, the reduction of noise in the
low frequencies domain is well realized with side
branches, empty or filled with acoustic absorbent
materials, with open or closed end section. The
important percentage in reduction noise level is
obtained when filling side branches with acoustic
absorbent material increases the resistance of
radiation.

By utilizing side branches with close end
section it is necessary to calculate their natural

frequencies, in order to avoid the amplification
high frequencies acoustic noise level.

We intend to go on our experiments for
different kind of generated noise to find the
properly system for radiated noise attenuation.
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