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Introduction

In the case o f medium and long ranges outdoor 
sound propagation, refraction due to temperature and wind 
gradients may increase (or decrease) the sound pressure due to 
a  point s o u r c e '  ’ 2 .  To fulfill the needs o f practical outdoor 
sound propagation studies, it appears to be necessary to predict 
the sound speed profile (SSP) according to general 
meteorological informations.

The first part o f this paper describes a practical 
method to estimate the sound speed profiles (SSP) under 
general meteorological conditions. The second part presents a 
method to estimate the corresponding linear SSP that can be 
incorporated in the heuristic acoustical model for outdoor 
sound propogation^. Finally, the third part o f this paper gives 
comparisons between experimental and theoretical results.

1.0 Meteorological model

The sound speed profile between a source and a 
receiver could be expressed as a function o f temperature, and 
wind characteristics. The exact determination o f the wind 
speed and temperature profiles from general meteorological 
conditions is not possible. Using the surface-layer similarity 
scaling theory, it is however possible to obtain a good estimate 
of these profiles^.

For this theory, it is necessary to evaluate L, the 
Monin-Obukhov length. This value depends mainly on the 
friction velocity and on the vertical heat flux at the surface. 
This last parameter is however difficult to measure and not 
easily available. To overcome this problem, a simple method 
to estimate L  is proposed. This method use the relation 
observed by Golder^ between values o f Turner classes, the 
roughness o f the ground and L.

2.0 Estimation of the linear sound speed 
profile

In a recent paper^, an heuristic acoustical model for 
outdoor sound propagation has been presented. This model is 
an extension o f the classical ray-theory that includes the effects 
o f curved rays due to the refraction. This acoustical model 
assumes a linear sound speed gradient defined as:

c(z) = c(o) (1 + a z)

where a is the linear sound speed gradient, c(o) is the 
reference sound velocity on the ground and z is the height o f 
the point. The assumption o f a linear sound speed profile 
allows an analytical determination o f the ray path parameters 
(travel time, angle o f  reflexion on ground, path length etc.)

The linear sound speed gradient a used in the acoustical 
model must be estimated from the SSP determined by the 
meteorological model. The method proposed is deduced from 
one used in radio communications^. Between a source and a 
receiver, the zone of space concerned with the propagation 
process is mostly defined by the first Fresnel ellipsoïd (Fig. 1). 
This is the zone o f space where the path length difference 
between the direct path and any scattered path is lower than the 
half wave length.

Figure 1 Schema of the the Fresnel ellipsoid, the zone of 

space concerned with the propagation process.

The equivalent linear sound speed gradient is obtained 
by considering the mean o f the real sound speed profile in the 
first Fresnel zone.
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(1) Thus, because the wide o f the Fresnel ellipsoid (hF) 
is function of the distance and o f the frequency, the linear 
sound spreed gradiant a depends not only on the heights o f the 
source and receiver, but also on the frequency and on the 
source and receiver.
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3.0 Comparison with experimental results

To validate and determine the limitations o f  this 
approach, various acoustical and meteorological measurements 
o f the noise emitted by strong and steady sources o f an 
industrial plant have been done during the summer o f 1993. 
These measurements were done during different days and at 
various periods o f  the days. The receiver’s position considered 
was located at about 1 km o f the sound sources. The data were 
analysed and show that there is an strong correlation between 
the increase of the SPL and of the linear sound speed gradient. 
Figure 2 shows the statistical distribution of the SPL measured 
during different periods and Fig. 3 shows these SPL as a 
function of the linear sound speed gradient.

two sources (320 and 440 Hz) of an industrial plant.

Figure 3 Sound Pressure Levels as a function of the linear 

sound speed gradient measured near an industrial plant (F=320 
and 400 Hz).

To complete this analysis, the excess attenuation spectra (mean 
values, standard deviation and maximum values) measured at 
2 089 m for 415 ground runup events** were compared to 
theoretical results. As the different meteorological conditions 
associated with these acoustical measurements were not 
known, mean values o f linear sound speed gradient were used. 
The mean excess attenuation spectra predicted is in good 
agreement with the mean o f the experimental results. Also the 
variations o f the experimental data around the mean value can 
be explained by the variations o f the various refraction 
conditions during the measurements.

Finally, it should be mentionned that, in combination with the 
heuristic acoustical model^, this method gives a complet and 
practical scheme to predict outdoor sound propagation under 
various meteorological conditions, and only requires low 
computation time.

4.0 Conclusion

In this paper, a practical method to determine the linear 
SSP from general meteorological informations was proposed. 
In combination with a geometric ray acoustic model, a 
complete model for engineering purposes is obtained to predict 
variations o f the SPL under different meteorological 
conditions. Comparisons with experimental results have shown 
that the general tendencies are well respected. From the 
experimental measurements, it was also observed that the heat 
flux conditions, function o f the solar altitude and o f the cloud 
cover, have an important influence on the increase o f the sound 
pressure levels. Thus, the SPL’s in the night period were 
statistically higher that those occuring during the day and the 
highest SPL have occured during the night when the wind 
direction was near the axis o f propagation.

References

[1] P.H. Parkin & W.E. Scholes, "The horizontal 

propagation o f sound from a je t engine close to the 

ground at hatfield", J. Sound Vib. 2, 4, pp. 353-374 

(1965).

[2] A. L'Espérance, Y. Gabillet, H. Schroeder, "Outdoor 

sound propagation: Experimental study o f 

atmospheric turbulence and simulation with FFP", 

Proceeding Inter-Noise 92, 139-142, Toronto, 1992.

[3] L'Esperance A.,Nicolas J.R., Wilson D.K. Thompson 

D.W., Gabillet Y., Daigle G., Sound propagation in the 

atmospheric surface layer: comparison o f experiment 

with FFP predictions", To be publish in Applied 

Acoustics.

[4] Panofski H.A., Dutton, J.A. Atmospheric Turbulence, 

Models and Methods for Engineering Applications, John 

Wiley & Sons inc., 397 p. (1984)

[5] Golder D. (1972) Relations Among Stability Parameters 

in the Surface Layer, Boundary Layer Meteorol., vol. 20, 

p. 242-249.

[6] L'Espérance A., Herzog P.,Nicolas J., Daigle G. 

"Heuristic model for outdoor sound propagation based 

on an extension o f  the geometrical ray theory in the case 

o f a linear sound speed profile" Applied Acoustics. 37 

p.l 11-139 (1992)

[7] Bisceglia, B. Franceschetti, G. Mazzarella, Pinto, I.M. 

Savarese"Symbolic Code Approach to GTD Ray- 

Tracing, IEEE Trans. Antennas and propagation", vol. 

36 n° 36, p. 1492,1495 (1988)

[8] Lundberg, W.R. "Evaluation o f three models used for 

predicting noise propagated long distances 

overgroung", Armstrong Laboratory, report AL-TR- 

1991-0126, 36p.

RE CE I V

5 5-

5 0 -

<  4 5 -  

g  4 0 - 

_ |  B B® *65 

£  ■ ■  :  .  ■  3»,

25

ER # 1

a
m

a g R

IS

H

-25 -15 -5 5 15 25

S O U N D  S P E E D  G R A D I E N T  ( m - 1 )  (x 10-5)

-  126 -


