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INTRODUCTION

This paper is concerned with the optimisation of reverberant enclosure
absorption. The problem of predicting noise contours in an polygonally shaped
enclosure has been completed by McNulty et al ll] by the development of
computer software. The present work is a continuation of the prediction
method used above where up to tenth order reflection are considered. For
a two dimensional rectangular area.

The work initially examines the nature of reflections and provides a table of
optimum design values for a rectangular enclosure where the number of
reflections is the variable. The theory is based on that for reflections in
a rectangular enclosure presented for computer simulation by Allen-Booth
and McNu'lty

THEORY

Consider a rectangular enclosure with dimensions 11, 12 and 13, and absorption
coefficients a}, 112, a], on the faces perpendicular to 11, £2 and 13
respectively. . '

The co-ordinates of the sound source are 51, 52, S3, whilst those of the
receiver are defined as d1, d2, d3.

The i. j. kth image of the source is defined as that image arising from 'i'
reflections along the 1] direction 5, reflections along the 9.2 direction and
k reflections along the £3 direction and is distant xijk from the receiver.

The total contribution to the intensity of all such image sources is given
by:

I" i .

1-:10 (l-ol) '(1-a2)|3'(1-a3)|k|
i-o xzijk
j=o
k=o

........................... (1)

where x is calculated from

xijk — P12 6) + F22 (3) + if m
where

Fifi) = (i. - 1)11+ 51+ :11 (i odd)

1111+ d1 - S; (i even)

F26) = (j ' 1H; 0 52 + dz (5 odd)

1’12 * dz - 52 (3' even)
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Hence we obtain equation (2) below

..
M“ —I- -.2 'gmull‘l “2m “3m.................................. .. (2)

Id 130 _——_—‘_

juo zzijk
k-o

Equation (2) may be used to calculate the increase in sound intensity level
which will beexactly the same as the increase in sound pressure level. due to

sound from the image sources when compared with directly radiated sound only.

The increase in SPL due to image sources = 1.0310 (I/Id) . . . . . . . . . . . . . .. (3)

Equations (2) and (3) above are the basis of optimisation of the number of
reflections needed for a particular absorption coefficient. Typical values

[arewg‘i‘ye‘n below.
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with reference to the table we can expect in a very lively room of u =0.01 a
difference between two successive reflection of the intensity at any given point
to be 1.6 dB. We would have to consider up to ten order of reflection to obtain
the same accuracy for one order associated with u = 0.9.

Figure 1 can be used to obtain an understanding of the sound fields that exist
in an enclosed area in this case a third order reflection is given.
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Figure 1

A typical noise contour map from the prediction programme is given in Figure 2.
Here we have as data the co-ordinates of the room geometry together with the
co-ordinates and sound intensities of the sources. Furthermore we can select
the number of reflections required for a given absorption to give optimum
accuracy as in Table l.

CONCLUDING REMARKS

A method has been presented which demonstrates the accuracy of predictions of
sound pressure levels in an enclosed area for a given set of absorptions.
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