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INTRODUCTION

In the literature calculations of ground effect have been dominated by
consideration of either point sources or line sources (in relation to tratfic noise).
Neveriheless there has been some research into the effects of finite source size
and directivity in regard to industrial noise sources [1] and 1o aircraft noise [2).
On the other hand, classical considerations of propagation from finite sources
{3,4] such as window panels modelled either as continuous or discrete
distributions of point sources of equal intensity have ignored ground effect, while
remarking that it should be considered if the length of the propagation path is
significant (3). This papar offers results of an initial approach to the problem of
predicting noise leveis at distances up 1o several hundred metres from large
factory buildings radiating noise from several points or elements of their external
envelope. Computer simulations of the field from 3- and 2-dimensional arrays of
point spurces at 1 m separations are used. The sources are assumed of equal
intensity and either 1otally coherent such that their individual sound prassures
may be added or totally incoherent so that individual sound energies are added.

THEGRY
The sound field due to each point source is approximated by the acoustic
equivalent of the Weyl-van der Pol Formula for the fieid above a locally reacting
boundary [4] in the form .

b eikr, e|kr2
tot ==~ +

= [Rp + (1 - Rp) F(w)] (H

where ry and r; are distances from the source and its mirror image in the
ground plane to the receiver, respectively. Rp is the plane wave reflection
coefficient given by

cosd - B

~ coso + B (2)

p

where 0 is the angfe of specular incidence and 3 is the normalised normal
admittance (= 1/Z). F{w) is the boundary loss factor being a complex function of
the numerical distance

w = ikrp (cos@ + B)2/2..
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Z is calculated as a function of frequency from

Z=A{1+iyf +iBA ' (3)

corresponding to a variable porosity ground model [5], where A and B are
constants related to flow resistivity and rate of change of porosity with depth.

Equations {1} - (3) are used to calculate the field due to each source in the array
spécified by coordinate as indicated in Fig 1, and the pressures or energies are
added to give the total field. Subsequently the excess attenuation may be
calculated from

o | direct field
20 log | total field |

where the direct field is obtained by adding the direct (inverse square law)
' ontnbutlons from aII the sources in the array,

BESULTS

It is straightfprward to show that ground interference effects are rapidly -
annihilated by incoherence. Figure 2 illustrates this for a 2 x 2 m array of four
sources. For coherent sources, the ground eflect dip is most affected by the
array height and depth (in that order). This is illustrated by Figures 3(a} and 3(b).
The length (in the YZ plane, see Fig 1) is relativaly unimportant since a
considerable change in langth is required to produce a significant change in the
path length difference betwean direct and ground-reflected sound rays. The
prediction for the sound field at a centre ine distance of 30 m from the facade of
a hypothetical building represented acoustically by a 30 x 250 m rectangular XZ-
planar array of 100 coherent point sources each separated by 10 mand at a
height of 5 m"above the relatively hard ground plana is shown in Figure 4. This
shows a substantial and broad ground effect dip between 200 and 800 Hz.

CONCLUSIONS

Clearly more work is raquired on acoustical modalling of radiative elements of
tactory shells in tarms of size, coherency and directivity. More sophisticated
methods of including ground effects through surface area integrations should be
explored. Meteorological effects should also be included. Nevertheless at this
early stage it may be concludad that ground effecl will play an imporiant part in
modelling propagation of noise around factories.
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Figure 3 : Ssneitivity of ground effect dip to chanpes in x-y plana
coharenca point source array aite (length) using the veriable porosity
endel of ground with slpha = 150 (i/m}) and aigms = 200000 MKS units,
Sgurce separation = 1,0®, First source is at height of 3m above ground

and at a rangs of 20.0m. Receivaers ot 0 & &m.
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Figure 4 : Excess attenustion spectrus for a large (30N250M) X-2
plane source ecdelled by an array of 100 cohersnce point sources.
Ground modal aa in figure 3, Sounrce plane is at height of Ga sbove
ground level and the nearest source is at n rangs of 30.0m from
the recaiver, Sourca aeparsticn of 10.0m, Receiver at 4.29.

Proc.l.O.A. Vol 10 Part 5 (1988) €3




ISBN 0 9467317123

¢4



