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INTRODUCTION

This paper is concerned with the optimisation of reverberant enclosure

. @bsorption. The problem of predicting noise contours in an polygonally shaped
enclosure has been completed by McNulty et al fﬂ 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 watk 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 McNulty {2].

THEORY

Consider a rectangular enclosure with dimensions %y, ¢, and k4, and absorption
coefficients @15 By, G4, on the faces perpendicular to 2;, £, and %4
respectively, ‘ -

The co-ordinates of the sound source are S1» 59, 53, whilst those of the
receiver are defined as d;, d;, dj.

The i, j, kth image of the source is defined as that image arising from 'i'
reflections along the %, direction j, reflections along the £, direction and
k reflections along the 23 direction and is distant Xjjk from the receiver.

The total contribution to the intensity of all such image sources is given
by:
o . .
1ez1, (-aptla-epnlila -yl
i=o %21jk
j=o
k=a

N 4 b

where x is calculated from
xijk = F12 (1) + F2 (§) + F32 (K)
where

Fi(i) = (i - 1)2, + §, + d, (i odd)

iﬂl + dl - Sl (i even)

FZ(j) = (j - l)zz + 52 + dz (j odd)

jey v+ dy - 82 {j even)
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Fa(k) = (k = 1), ¢ 83 + d3 (k odd)
kky + dy ~ 83 {k even)

Hence we obtain equation (2) below

L]
AMeo I 12 ’500“1 ‘l ol otk e @
Ig iro Iy
J=o 2ijk
k=0

Equation (2) may be vsed to calculate the increase in sound intensity level
which will be exactly the same as the increase in sound pressure level, due to
gsound from the image sources when compared with directly radiated sound only.

The increase in SPL due to image sources = Loglo (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
for a rectangplar gnclosure are glven belo
T

ASLe 10 GOTLIE L DRI NY ;L,J 3IVE DORLONLIT \"- oL, TR
V}’Iulu ABSOCUTICY JILPTTLITNS ek -
Il — 2 =) ~v 4 =5 =0 6§ —+ 7 —% § =l an 10 ———— ey of
<4 o
- Nefleciion
0.9 +0.1

Crders

0.8 +0.2 | +0.1

0.7 40.3 | +0.1

0.6 | +0.4 | +0.1

0.5 |+0.6 | +0.2 | 40,1

0.4 1+40.9 | 40,3 | +0.1

0.3 +1.0 | +0.4 | +0.2 | +0.1

0.2 +1.2 | +0.5 | 40.3 | +0.2 | +0.1

0.1 +1.4 | +0.6 | «0.4 §+0.3 | 40.2 {40.1

0.09 | +1.5 | 40.6 | +0.4 [ +0.3 | 40.2 [ +40.2 | 40,1

0.08 | +1.5 | 40,7 | +0.4 | 40.3 | 40.2 | +0.2 | +0.1

0,07 | +1.5 | +0.6 | +0.4 J+0.2 ] +0.2 |+0.2 |+0.2 |[+0.1

0.06 | +1.5 | +0.7 | 40.4 | +0.3 | +0.2 | 40.2 | 40.2 |+0.1

0.05 | +1.6 | +0.7 | +0.4 | 40,3 | 0.2 ]| +0.2 | 40.2 | +0.1

0.04 | +1.6 | +0.7 | 0.5 [+0.3 | +0.2 [+0.2 |+0.2 {401

0.03 | 41.6 ] 40.7 ] 40,5 | 40.3 | 40.3 |+0.2 | #0.2 | +0.2 | 0.1

6.02 +1.6 ] 40.7 | 0.5 | +0.4 | +0.3 |+0.2 | 40.2 | 40.2 | 40.2
0.01 | +41.6 | +0.8 { +0.5 | +0.4 | +0.3 |40.2 | +0.2 | +0.2 | +0.1
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With reference to the table we can expect in a very 11ve1y room of o = 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 a = 0.9,

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

WALL 2
. SECOND GROER
5, VIRTUAL 1HAGE
_____ — > OF SOURCE
------- =77 -7 lipu 1o REFLECTION
________ - | OF s ATwaLY
L% s i - ]
e - )
FIRST CRDER - ]
VIATUAL TMAGE . Prae 1
OF SOURCE RECEIVE '
touE T0 ‘\‘\~\ S UV P
REFLECTION OF & waLL) ~ . I
AT WALLT) S |
~ - :
’ i \"‘-h. :
EXAMPLE OF THIRD ORDER REFLECTED  “~_ !
SOUND WITH WALLS 1-2-3. ~ . | THIRD OROER YIRTUAL

T~ | IMAGE OF SOURCE
{DUE 10 REFCECTION
OF 5,AT WALL 3)

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 1.

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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Noise contours to be drawn — type in 5 values, biggest first

96 93 90 87 84

96.0 DB
93.0 DB
90.0 DB
87.0 DB
84.0 DB

contour

SPLA ..........SPLE

NB:

is

contour is

contour
contour

contour

is
is

is

The sound sources are

SPLA > SPLB >.
represented with
represented with
represented with
represented with
represented with

represented with

...>SPLE

symbol A
symbol +
symbol [y
symbol *
symbol o

symbol g

Number of reflection(s) to take inte consideration: 0, 1, 2 or 37

1 = HNR
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