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EXPERIMENTAL INVESTIGATION OF
ACOUSTIC FIELD ENERGY STRUCTURE
IN AN INTERFEROMETER IN THE
PRESENCE OF AN ABSORBER,"

BAHVALOV, G. A.2) IVANNIKOV, A. N3), Moscow, SLABEYCIUS, %y Zilina

The results of an experimental investigation of field structure in the acoustic in-
n,onmn-.osnoa-. in the presence of an absorber are presented. The five fields quantities
?.o.. sound pressure p, particle velocity v, phase mismatch ¥pv between p and v
wn:«.o. and reactive components of the energy flow density vector) were measured.
ﬂuﬁnﬂ& attention is paid to the methodical aspect of the n:nw.mo= ~ a compara-
tive analysis of different approaches to determine the reflection coefficient of the

L INTRODUCTION

. Hrovsvo%om.gmm E.&n_ommao investigate the field structure in the acoustic
interferometer in the presence of an absorber. Especial attention is paid to the
methodical aspect of the question — comparative analysis of different approaches
to determine the reflection coefficient of the absorber R.

II. METHOD

‘ The geometry of the problem and a block-scheme of the experimental setup are
Presented in Fig. 1.

The interferometer was a long metallic tube with a diameter of D = (.3 m,

o_o.moa by a mﬁo&.mgmo On one side. Inside this tube was the wide band Mcmo_&mw
(Fig. 1), whose Internal diameter changes step by step with AD = ¢ 04m. In
—_—
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Fig. 1. The block-scheme of the experimental system. 1 - vibrator Briiel & Kjaer

Type 4812; 2 - power amplifier Briiel & Kjaer Type 2707; 3 - sound intensity

meter Briiel & Kjaer Type 4433; 4 - two canal signal analyser Briiel & Kjaer

type 2034; 5 — computer Hewlelt Packard 216; 6 - Plotter, type 7550A N /R; 7

— sound intensity probe Briiel & Kjaer Type 3519; 8 - rigid piston. Coordinates

of the absorber’s layer: X; = 0.52m: X, = 0.77m; X3 = 1.0lm; X4 = 1.33m;
X5 =1.66m; X¢ = 2.00m; X7 = 2.50m.

- the present experiment the absorber was made of glass filament with a density of

Po = 15kg/m>.

The experiment was carried out according to the following scheme: the signal
from the internal generator of the two-channel analyser (4) through the power
amplifier (2) was applied to the vibrator (1) that excited the rigid metallic pis-
ton (8). The parameters of the acoustic field inside the interferometer were mea-
sured by the intensitymeter’s probe (7): the signal from the probe was connected
with the intensitymeter. The outputs from the intensitymeter corresponding to
the sound pressure and the particle velocity were connected with the two-channel
analyser (4). -

Operating with the measuring system, the data and their application were ac-
complished by means of a personal computer of the type Hewlett Packard (5). Al
the results have been presented by the graphic plotter.

To determine the spatial distribution of the field’s characteristics in which we

‘were interested; the intensitymeter’s probe was moved along the axis of the inter-

ferometer with a step of 50 mm, “including” the region of the absorber. At each
point the quantities characterizing the sound field (pressure p, particle velocity v,
phase mismatch between p and v, energy flow density vector’s component I,;) were
measured.
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III. RESULTS

‘The measured results are presented as figures.

The distribution of the sound pressure along the axis of the interferometer is
shown in Fig. 2 in logarithmic scale reference level P, =2x10-5pa. From the
.Ewwr X1 the probe was situated inside the absorber. The distribution of the active
Intensity component I5 value is presented in Fig. 3 in logarithmic scale relative to
1x10~'2 W/m?. Fig. 4 shows the distribution of the reactive intensity component
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Fig. 2. Distribution of the sound pressure along the axis of the interferometer: -
~ 63Hz; 2 - 125Hz; 3 - 250 Hz; 4 - 500 Hz; 5 - 800 Hz.
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Fig. 3. Distribution of the active intensity value on the interferometer axis:
~63 Hz; 2- 125 Hz; 3 - 250Hz; 4 - 500Hz; 5 — 800 H.
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Fig. 4. Spatial distribution of reactive intensity (in W/m? x 10~3) in the
interferometer: 1 - 125 Hz; 2 - 250 Hz; 3 - 500 Hz.
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Fig. 5. Spatial change of the value of the phase mismatch ¢,, between the sound
pressure and the normal component of the particle velocity of the sound wave:
1~ 64Hz; 2 - 250 Hz; 3 - 500 Hz.

I; in linear scale. The spatial distribution of the phase mismatch between sound
pressure and the particle velocity ¥pv is presented in Fig. 5. In Fig. 6a the spatial
distribution of the reflection coefficient values is shown. It was determined at a
frequency of 500 Hz by several different methods:

‘1. By measurement of the parameters p, v, v [1];

2. By maximal values of the phase mismatch (ppymac)

3. By correlation between active and reactive components of the energy flow
density at the extreme points of the reactive intensity distribution [2,3].
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ave reflection no&msm:r. calculated by different
methods in a few points of the interferometer’s axis: 1~ by measurement of p,v and

¥pv in the same point; 2 — by Mmeasurement of v, max; 3 — by correlation of active

and reactive components of energy flow density.

see that at the points of the appearance of the absorber’s new step the maxima of
the reflection coefficient are observed (points X3, X, and Xs).

Let us summarize the results represented by these dependences.

1.In n.rm regions of each new step the arw,umm of the main field’s characteristics
occurs. As a rule the minima of the reactive intensity are situated in these zones.

2. In the first zones of the wrmoncmw. at frequencies of 63 and 125 Hy an increase

diameter of the pipe.

3. Also it is possible to notice that the average value (p,, ), while moving inside

the absorber, decreases monotonically with increasing frequency, the inclination’

of the average line grows.

4. The gradual increase of the absorber’s reflection coefficient, while moving
towards the absorber’s centre, occurs at all frequencies; . e
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Fig. 6b. Spatial dependence of the reflection coefficient value for different
frequencies: 1 ~ 125 Hz; 2 - 250 Hz; 3 - 500 Ha.

IV. CONCLUSIONS

From these preliminary results it is obvious that in the region of the sudden
change of the interferometer diameter the behaviour of the quantities that charac-
terize the field distribution differs greatly from the monotonic. Here two factors
come into play: the absorber’s diameter change (geometry) and the presence of
the absorber in the regions, close to the interferometer’s walls (absorption). The
combined influence of these factors leads to the fact that the energy field character-
istic distribution inside the interferometer bossesses a quasi oscillating character.
It is possible to calculate the reactive component of the ouma.m% flow density vec-
tor according to the formulae obtained in the approximation of plane waves [2,3].
The significant difference between the obtained dependence and the expected one
implies that in the area considered the field is essentially unhomogeneous.

In a similar situation great care is required in using the traditional methods of
measurements. Only an extensive investigation of all the parameters will explain
the sound field structure’s features.
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NNOQHHUS?»MQHS&WEOM MCCIENOBAHUE
SHEPTETUYECKOHN CTPYKTYPBI 3BYKOBOI'O ITOJIS
B UHTEP#EPOMETPE IIPU HAJINUYNU ITIOTJIOTUTEJA

B cratbe npmeenenm PE3YILTATH BKCHEPUMEHTANLHOTO HCCIenOBaHMA
CTPYKTYDEI IOJIA B akyCTHYeCKOM MHTepepoMeTpe Npu HaMHYMM MOrNoTHTe-
a1, Usmepanocy narsy NOJIEBRIX BENMUMH: aKyCTHYECKOe JaBJIeHHe p, Koneba-
TeJIbHas CKOPOCTD v, CABMI $a3 ppy Mexay p ¥ v, axTUBHAA H PEaKTMBHAA KOM-
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