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THE EFTECTS OF ¥WIND AND TEMPERATURE CONDITIONS ON OUTDOOR SOUND
PROPAGATION (SCALE MODEL EXPERIMENT)
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{1) (2} Institute of Endustrial Science, University of Tokyo
7-22-1 Rappongi, Minatoku, Tokye, Japan

INTRODUCTION

The authors have been investigated the methods of simulating the effects
of wind and temperature conditions in the atmosphere on the sound prop-
agation by acoustic scale modcl experiment using wind tunnels, In this
paper, some examples of them are presented.

SIMULATION

The atmosphere near the ground is turbulent because of the presence of
wind and temperature variation, and so the sound propagation in it is
markedly complicated. However, as a rough estimate according to the
sound ray theory, it is considered that the sound propagation can be
approximately simulated by simulating the sound velocity variation in
space due to wind and temperature gradienmts. In order to realize these
conditions, the vertical mean wind velocity or temperature gradients
in the real atmosphere should be compressed in the model atmosphere
according to the geometrical modelling scale.

EXPERIMENTAL METHODS

In this study, two wind tunnels of boundary layer type were used: one
is a small-sized wind tunnel of 0.8mx0.8m in section and 4m long, and
the other is a large-sized one (atmospheric simulation facility) of 3Imx
2m in section and 24m long. The interior walls and ceilings of the wind
tunnels were finished absorptive with glass fiber boards.

As the modelling scale, 1/100 scale was adopted, and the vertical wind
gradient or temperature gradient was controlled so as.to approximately
correspond to 1/100 scale of the real ones.

As the sound source,:a semicylindrical loud speaker system shown in Fig.
-1 which had approximately omnidirectional characteristics around the
axis as shown if Fig.-2 was used, and octave band no1ses of 12.5kHz .to
100kHz were radiated from it. The propagated sounds were received by a
1/4 inch condenser microphone.
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EXPERIMENTS 3
[Exp.-1] ON WIND EFFECT (1) .-

In order to investigate how
the effect of wind on sound |
propagation changes with the
height of the sound source !
(Hs) and that of the receiv-  '18-71
ing point (Hr), a simple experiment was carried out, by :
using the small-sized wind tunnel. As ‘the experimental
condition, Fig.-3 shows the vertical wind gradient (ap-
proximately 1/6-power profile). The distributions of 2
mean sound pressure level in distance on the absorptive :
model pround (glass fiber board was used) were meesured
by changing Hs and Hr, with and without.wind. Fig.-2
The experimental results measured under the condition

of Hs=Hr=!.5c¢m and Hg=Hy=10cm are
shown in Fig.-4 (A) and (B). In - [T RN
Fig.(A), it can be seen that, whepn | pzsez_. '
the source and receiver are close :———1H5=Hr=115cm
to the ground, the received. sound
pressure level increases in down-
wind condition and decreases in
upwind condition, and the extent
of sound pressure level change in-
creses with incresing thedistance,
as is well known by some field ex-
aminations., In Fig. (B), on the
other hand, it can be seen that,
when the source and receiver are
relatively high above the ground;
the effect of wind becomes slight.
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(Exp.-2] ON WIND EFFECT (2) v
In order to investigatc the change of

the effect of wind on sound propagation _4¢[-
with wind direction, a basic experiment §
was carried out by using the large-sized £
wind tunnel. The air flow in it was sct %

in two conditions (W-3, W-&)} as shown Tao -
in Fig.-5. The sound source and the re-

ceiver were located at 1.5cm above the "
medel ground {(absorptive with flannel o
c¢cloth, and reflective with iron board), [

being faced each ather at a distance of

160cm, and, as shown in Fig.-6, the relative po-

sition between them was changed in steps cvery

30 degrees in order to change the angle (9) he-
tween the sound direction and the winddircction,

The measurements were made under the two wind
conditions mentioned above and without wind.
As the experimental results, Fig.-7 shows the
plots of the rise and fall of the mean sound

pressurc level caused by
wind against the vector
wind, (All data werc ref-
ered to the level under
the no wind condition.)
From these results, it can
be said that, as a rough
approximation, there is a
linear reclation between
the rise and fall of mean
sound pressure level and
vector wind, but the extent
of the sound pressurc
level variation depends on
the acoustic nature of the
ground.

[Exp.-3]
ON TEMPERATURE EFFECT

It is well known that the
vertical temperature gra-
dient affects the sound
propagation as well as the
wind gradient. Then, the
simulation of the effect
of vertical temperature
inversion on -horizontal
sound propagation was
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examined as follows. In this experiment, the
large-sized wind tunnel which can make temper-
ature gradient in it by heating {or cooling)
the floor panels and the air flow was used,

and the vertical temperature inversion condi-
tion shown in Fig.-8 was set. The velocity of
the air flow was kept as low as possible in the
extent that convection did not take place and
the temperature gradient was kept stable.

The sound source was located at 1.5¢m above the
model ground (absorptive with glass fiber board,
and reflective with iron board], and the sound

HEIGHT {tm)

£
TEMPERATURE (*C)

pressure level distributions in distance from Fig.-8
the source were measured at the same height, Temperature profile
under the temperature inversion condition (with {Inversicon)
weak wind) and neutral condition
(without wind).
) 2T ABSORPTIVE{ |.JZ%%  RerjpcrIvE.

Fig.-9 shows the relative re-
ceived sound pressure level
distributions in distance in
1/3 octave bands of 12.5kHz to
100kHz. On the absorptive
ground, sound pressure level
increascs caused by the tem-
perature inversion are clearly
seen “in the frequencics above
25kHz. Wherease, on the ref-
lective ground, sound pressure
level variation due to the tom-
perature inversion is much more
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complicated. This phenomenon ‘]xhg ﬁk fﬂi'
is probably due to the inter- 1 PRI
ference between the sound prop- el e
) R

agated along the ground and TR WWE TN TR O 0 o
that refracted from the upper DISTANCE (om) DISTANCE (cm)
regions, Fig.-9 Experimental results

CONCLUSION —neutral T 3;:;’:;"6}inverslon

The results obtained in this study
are quantitatively consistent with the results of field examinations.
So the experimental method mentioned here seems to be affective to

study the effects of meteorological conditions on sound propagation.
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