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1. INTRODUCTION

Noise propagation over the earth's surface is strongly influenced by meteor-
ological conditions and by the presence of the ground surface itself. These
influences are particularly strong when both the source and receiver are located

* near the ground and for any particular case it is often difficult to separate
their relative contributions to observed sound attenuations. Dickinson(ref.1)
has reported observations of aircraft take-off noise levels measured at two
locations (ranges 320 m and 2900 m) from the east-west runway at London (Gatwick)
Airport. Unexpectedly low attenuations between the two measuring positions were
observed and were attributed to the presence of a strong elevated temperature
inversion which was observed concurrently by radiosonde ascent.

The purpose of this paper is firstly to show, using ray tracing, that focussing
of sound waves by the temperature inverstion would not be expected to influence
the observations and secondly, to propose an alternative explanation for the
observations which depends upon the presence of a reflecting ground plane. The
derived sound levels using this model will be shown to be in good agreement with
the observations. In See !on 2 the measurements reported in reference 1 are
briefly summarised and in Section 3 a study of the expected influence of the
temperature inversion is made using ray tracing techniques. The effect of a
finite impedance ground is considered in Section 4 and expec,3d acoustic
attenuations are derived using this model and compared with the observations.
The implications of these results are discussed in Section S.

2. SUMMARY OF OBSERVATIONS

S. The observations reported in reference 1 were made at two measuring positions
-at ranges of 320 m and 2900 m north of the east-west runway at London (Gatwick)
Airport on 18 December, 1971. These positions were chosen to investigate noise
levels representative of those at itorley, a small town on the north-eastern flank
of the airport where unusually high noise levels had been reported. The micro-
phones were mounted at a height of 1.2 m above essentially level ground covered
with thick short grass. The useful data reported are all of aircraft taking-off
to the west, both measuring positions and the start-of-roll position being in
line and at right angles to the direction of take-off. The noise event used to
measure the attenuation between the two measuring positions was the peak level
that occurred as the pilot opened the throttle and released the brakes at the
commencement of take-off. The noise level observations are summarised in
Table 1 (taken from Table 3 of reference 1). Nineteen events in all are
reported, the attenuation between the two sites ranging between 3 and 31 dB with
a mean value of 14 dB (noise levels measured in dBA). The noise level difference
due to spherical spreading and atmospheric absorption was expected by Dickinson
to be approximately 24 dB and the lower observed difference was attributed to the
effects of the temperature inverstion which was observed to be present during the
measurement period. The temperature and wind profiles obtained from the 1200 GMT
radiosonde ascent at Crawley, several kilometres to the south of the airport,
are shown in figure 1 (data from reference 1). A strong elevated temperature
inversion was observed in the height range 280 to 490 m. This inversion
apparently persisted for some time and may be a subsidence inversion associated
with the trailing edge of a high pressure region centred over Central Europe which
had remained virtually stationary for about seven days prior to 18 December, 1971
(ref.2). The surface weather observations made during the measurement period
indicate that conditions were stable, with light breezes of 1 m/s (direction 255°,
a temperature of 9 C and 90% relative humidity being recorded at both 1635 hours
and 1952 hours. As the measured attenuations were generally substantially smaller
than those expected (a difference of between +7 and -21 dB, mean 10 dB), Dickinson
concluded that these data were consistent with the view that temperature inversions
can cause intensification of noise levels by up to 15 to 20 dB.



C T WRE-TR-1907(A) -2-

3. RAY TRACING STUDY

An investigation of acoustic propagation under the meteorological co:iditions
prevailing during the noise measurements was undertaken by ray tracing using
'methods developed in reference 3. Cubic spline interpolation was used between
the observed data points of both the temperature and wind profiles of figure 1.
The calculated range-0 diagram is shown in figure 2 for propagation to the

- •north (ýp = 0), the angle 0 being the initial elevation angle of the ray from the
horizontal. A source height of 2.5 m and a receiver height of 1.2 m have been
used in the ray trace calculations, the results being only weakly dependent on
small changes in these parameters however. The sharp changes in gradient of
the range-0 curve-at ranges near 7 km are due to the temperature inversion
The resulting plot of intensity versus range is shown in figure 3 for an assumed
source noise level of 110 dB at 100 m. The intensities in figure 3 have been
calculated using constant energy flux in ray tubes and, in the region where
multiple direct ray arrivals occur, incoherent energy summation has been assumed.
Atmospheric absorption has not been included and the effects of multi-hop rays
which suffer one or more ground reflections between source and receiver have also
not been considered.

The intensity variation is close to that for spherical spreading out to ranges
near 6.5 km where the effects of the temperature inversion are first observed.
The inversion causes focussing of acoustic energy which gives rise to increased
intensities in a small region approximately 500 m wide and centred on 6.8 km.
The increase in intensity over spherical spreading is of the order of 10 dB.
Note that ray theory predicts infinite intensities at the edges of this region
and a full wave solution is required to determine the intensities at these points.
At greater ranges the intensity falls off at a faster rate than that for spherical
spreading. The intensities in the focussing region are of the right order to
explain the observations reported by Dickinson, however the predicted range is
over twice that of the far measurement position.

The calculations were repeated for a range of azimuth angles all to the north
of the airport. The boundaries of the focussing region in which intensities
above spherical spreading are to be expected have been plotted on an approximate
area plan in figure 4. The width of the region increases in both directions
from north while the predicted intensity within the region decreases. For
example, at azimuths of p = ±40 , the intensity excess over spherical spreading
has fallen to approximately 5 dB. The focussing region in figure 4 lies well
beyond Horley and at approximately twice the range of the further mearurement
position. It would therefore be expected that focussing by the temperature
inversion Ls not the cause of the observed low attenuations between ranges of
320 m and 2900 m.

The temperature and wind data used for the ray tracing were obtained by a
radiosonde flight at 1200 GMT, some three hoL..s before the commencement of the
noise measurements. The surface conditions were virtually unchanged from
1200 GMT up to the end of measurement programme indicating stable conditions,
however if the inversion layer descended during this period the range to the
focussing region would be expected to be reduced, perhaps sufficiently to
encompass the far measuring position. In order to investigate this possibility
the inversion height was artificially reduced by 100 m as shown by the dashed
profiles in figure 1. The height of the top of the strong wind shear layer
was also reduced by 100 m as it is probably related to the inversion height.
A new set of ray paths were calculated for these modified conditions for prop-
agation to the north and the new range-O curve is shown in figure 2 (dashed
curve). The zero gradient portions of the original curve which correspond to
infinite intensity (ray theory) have been removed. The intensity increase
over spherical spreading has been reduced to approximately 4 dB (see dashed
curve of figure 3) at a reduced range centred at 4 km. Thus a modification to
the observed meteorological data of this order is not sufficient to explain the
observed increased intensities at a range of 2900 m. Many other changes to the
meteorological data are of course possible, some of which may predict intensifi-
cation at the desired range. However the stability of the surface data and the
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fact that the reduced attenuation between the measuring positions is seen to

persist for a period of az least six hours (Table 1) suggests that the meteor-

ological conditions are particularly stable and that the measured profiles of

figure 1 are probably representative of conditions during the measurement

programme.

t 4. PROPAGATION OVER FINITE IMPEDANCE GROUND

4.1 Surface model

The principal effect of the presence of a ground plane between source and

receiver is to introduce the possibility of more than one propagation path.

SIn the simplest case of downwind propagation over short distances the acoustic

pressure at the receiver will have contributions from both the direct wave

and the surface reflected wave (figure 5). Here the effect of atmospheric

refraction has been assumed to be negligible. For longer ranges where

refraction must be taken into account, many paths become possible. These

are considered in detail below. Even in the simplest case, a knowledge of

the complex acoustic impedance of the ground surface is required in order

to estimate the sound pressure at the receiver. The development of the

surface model to be used here is described in detail in reference 4. The

acoustic properties of fibrous absorbent materials are used to model the

impedance of real soil surfaces. This model was originally suggested by

Delany and Bazley(ref.5). These authors measured the acoustic properties

of a wide range of fibrous absorbent materials. The measured values of

characteristic impedance and propagation coefficient were shown to normalise

as a function of frequency (f) divided by specific flow resistance per

unit thickness (a) and to be able to be represented by simple power law

functions. Expressing the characteristic impedance Z of the material, as

Z = R + i X (1)

the experimentally determined power law relations are as follows:

-0 75
RIP 0  = 1 + 9.08(f -0) (2)

X/p = -11.9(f/0) -0 73 (3)
Ii0 0

where c is the velocity of sound in air and P c is the characteristic

0 0

impedance of air. This model was used by Delany and Bazley(ref.6) to predict

propagation attenuations using a plane wave reflection coefficient for the

reflected wave in figure 5. Agreement with experiwental data was only fair,

however it has been shown in reference 4 that by considering the reflection

of spherical waves from the surface, then excellent agreement with experimental

measurement can be obtained for short ranges and also for ranges out to 1 km.

The model was applied by choosing the value of flow resistance which gave a

best fit to the experimental data in each case.

This model for the surface impedance will be used to study the effect of

the presence of the -round in the experimental situation d1scribed in reference

1. The model parameter, the flow resistance u, can be varied to study the

effects of different ground surfaces.
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4.2 Noise source

A knowiedge of the spectral content of the noise is required for prediction
of-surface and atmospheric attenuation effects. The noise source used by
Dickinson was the peak noise level that occurred during aircraft engine
run-up prior to take-'off. A variety of aircraft types were measured
(Table 1), the most common type being the BACI-ll, a twin-engined turbo-fan
aircraft. Noise spectra obtained at the sideline under the conditions of
the experimentai measurements are not available so that a typical overflight
noise spectrum for a twin-engined turbo-fan aircraft measured at 305 m
(1000 ft) was used. These 1/3 octave band noise levels were obtained from
reference 7 and are assumed to represent the free space noise levels of the
source on the sideline at the range of the closer measuring position (320 m).
This assumption clearly involves some approximation, the sensitivity of the
model predicted attenuations to changes in spectral shape is discussed in
Section 4.5. The assumed 1/3 octave band free space noise levels of the
source are shown in figure 6. A-weighted source levels are also shown
(observations have been made using A-weighting as this response is close to
that of the human car). The atmospheric absorption between the two measure-
ment positions for this source is 8 dB for the measured surface conditions of
a temperature of 9°C and 90% relative humidity. The expected attenuation
between the measuring positions is thus 27 dB (including 19 dB spherical
spreading attenuation) rather than the 24 dB assumed by Dickinson and
discussed in Section 2 above.

S4.3 Short range propagation

Consid•,ing the case of reflection of a plane sound wave from a normal
impedanc-, boundary in which propagation in the second medium is ignored
(the case-of local reaction), the expression for the plane wave reflection
coefficient R may be written as:

R: = Sin 0 - Z,/Z 2"' .,'',R -(4)
p Sin 0 + Z,/Z 2

where Z, is the characteristic impedance of the first medium, taken here to
be air, Z2 is the characteristic impedance of the second medium and 0 is the
horizontal angle of incidence (figure 5). The simpler local reaction
results of Ingard(ref.8) are used here as they have been shown to predict
excess attenuations which are almost identical to attenuations obtained when
propagation in the second medium is considered for the source-receiver
geometries and ground impedances of interest to outdoor sound propagation
(ref.4).

The velocity potential 4, at the source in figure 5 can be approximated by

,bexp(ikr,)[ +r
r 1 + Q exp (ikAr)] (5)

where k is the propagation coefficient in air, r, and r2 are the path lengths
of the direct and reflected waves and Ar is the path length difference.
The image source strength Q is given by

Q = R + F(w)(l - R ) (6)

whrp - Rp)
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ikr 2 (Sin 0 + ZI/Z2)2w 2 (1 +' Sin 0 Z 1 /Z 2 ) (7)

Suitable formulae for evaluating the function F(w) are given in reference 4.
The excess attenuation due to the presence of a boundary over the case of
free space attenuation is given by (from equation (5))

A = 20 logot I + Qexp(ikAr) 1 (8)
e

Expressing Q as IQI p Ae can be written as

A1 2 +2 2 -
=10 logio[l -1. 2 r QI Cos (--+1 3 )] (9)e r r

where r - r 2 /rl. In this section comparisons of the model predictions with
experimentally measured absorption losses will be made using a specified noise
source averaged over 1/3 octave band levels (figure 6). The effect of finite
bandwidth is dependent upon the spectrum shape but results reported in

Sreference 9 indicate that the assumption of white noise introduces oniy small
errors for a wide range of spectrum shapes. Equation (9) is therefore
modified to the following form for averaging over 1/3 octave bands:

S10 logo.l[ + Qi2 + rIQiI Sin cj.L&i/) x

Cos (?Ir/Xi + )/(Anr/xi) (10)

where

= 2vrf/2f. (11(a))

21r[ 1 + (Af/2f.i)21-1 (11(b))

and the Qi) and X. are the values corresponding to the centre frequency of

the 1/3 octave bands.
Excess attenuations predicted using equation (10) and the fibrous absorbent

model for the ground impedance (equations (2) and (3)) were compared to a
variety of experimentally measured excess attenuations in reference 4. Of
particular importance to the situation being considered here is the comparison
with jet noise measurements made by Parkin and Scholes(ref.10). The field
measurements were made over essentially flat grass covered ground at eight
ranges varying from 19.5 to 1097 m from a jet noise source at a height of
1.83 m using microphones mounted 1.52 m above the ground. The excess
attenuation measurements were made at weekly intervals over a period of one
year at times near midday and the results are confined to temperature lapse
or near neutral conditions. Strong correlation was found between
attenuations and the vector surface wind and the results were broken down
to three cases of vector winds of +5 m/s, 0 and -5 m/s for both summer and
winter. The observed excess attenuations in each 1/3 octave band in the
range 50 llz to 4 kHz are shown for four of these cases in figure 7 for a
range of 347 m. This range is chosen as being similar to the closer micro-
phone (R = 320 m) used by Dickinson. Parkin and Scholes used the observed
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sound levels at the nearest microphone (R = 19.5 m) :s the reference for
calculating the excess attenuation. The results for a vector wind of -5 m/s
are not used as they are strongly influenced by the formation of shadow
zones. The excess attenuations calculated using equation (10) and the
fibrous absorbent model are also shown plotted in figure 7. A model
parameter of o = 1.5 x 10 MKS units was used for the calculations as this
gives an overall best fit to the observed data. The model results are in
good general agreement with the seasonal mean measurements, particularly for
the zero vector wind cases.

This agreement between the model and excess attenuations measured at a
range of 349 m supports the straight line propagation approximation assumed
in equation (10) at this range and suggests that the model may be used to
predict the effect of ground attenuation on the observed noise levels at the
closer microphone used by Dickinsor at Gatwick. The model predictions of
excess attenuations compared to fr a space values for this source-receiver
geometry are shown in figure 8 f, model parameters (a) in the range 0.5 -
4 x 10" MKS units. The source height has been assumed to be 2.5 m, the
approximate engine height of the BACl-11 aircraft. All curves show a deep
minimum (maximum excess attenuation) in the frequency range 200 to 500 Hz.
Variation with model parameter is most pronounced at low frequencies. At
very low frequencies the negative excess attenuation values indicate in-phase
addition of the direct and reflected waves.

The effect of this ground attenuation on the sound level at the closer
measuring position is shown in figure 9 where the resulting predicted sound
level is plotted as a function of model parameter a. The assumed free space
level of the source at this range of 103.6 dBa has been reduced to a level
in the range 97 to 99 dBA depending upon the ground surface. The variation
with surface type is small. For a model parameter of 1 x 10s MKS units
typical of soil covered with short grass(ref.4), the received noise level
is 97 dBA, a reduction over the free space level of approximately 7 dB.

4.4 Long range propagation

The effects of atmospheric refraction must be considered in any model
which seeks to predict sound levels out to ranges of several kilometres from
a source on or near the ground. The effects of refraction are two-fold,
firstly, many more paths between source and receiver become possible and
secondly, the angle of incidence at the ground for paths involving ground
reflections is increased from the straight line case considered above,
resulting in a decrease in ground attenuation. In order to predict the sound
intensity at the receiver under these conditions it is useful to divide the
possible ray paths up into groups based on the maximum height reached by

theach ray. Each group consists of four rays, the m member (m = 1, 2, 3, 4)

of the nth group (n = 1, 2, 3, ... ) being designated RGn (m). The four

member rays suffer n-1, n, n and n+1 ground reflections respectively. The
first two ray groups are illustrated in figure 10. The first member of
RGI (figure 10(a)) is the direct ray from source to receiver, the second
member the ray that is reflected once close to the source, the third the ray
that is reflected once close to the receiver and the fourth the ray that is
reflected twice, once close to the source and once close to the receiver.
The rays in the second group RG2 of figure 10(b) all suffer an additional
reflection near the centre of the path. Each succeeding group suffers a
further additional reflection between source and receiver. As the source-
receiver separation becomes small or refraction becomes less important, all
these ray paths collapse into the two straight line paths of figure 5.

For source and receiver heights which are small compared with their
separation, the rays in each group will have similar initial elevation angles
and will travel along closely related paths and will thus be expected to
exhibit some degree of coherence at the receiver. The extent of this
coherence will depend upon the source and receiver heights and upon the

-. . . .- - . .- -
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nature of the atmospheric turbulence. Ray tracing indicates that the

height difference for the four rays of RGI is only 1.5 m for the geometry
and meteorological conditions of reference 1. This distance is very much

smaller than typical atmospheric scale si-es and the four rays might therefore
be expected to be strongly coherent. Thls assumption will be made in
determining the intensity contribution of each ray group. The contribution
from each ray group will be combined by intensity summation to obtain the
total noise level at the receiver.

By analogy with equation (8), the excess attenuation due to the presence

of the ground for the nth ray group may be written as

Ae = 20 logoI Q' 1 .11 +-.Q exp(ikAr 2 ) + Q exp(ikAr 3 ) + Q2 exp(ikAr4 )1

(12)

where Ar (m = 2, 3, 4), is the path difference between the m ray,

RG n(m) And the direct ray RG n(1). These path differences may be approximated

by considering a composite source and receiver consisting of the source and

receiver and their images in the ground plane (figure 11). Assuming the
direct and reflected waves have the same elevation angle, a situation which
will be closely approximated for the conditions of interest, the path
differences are then given by

Ar2  2h Sin 0  (13(a))

Ar 3  = 2h Sin 0 (13(b))

Ar4  2h Sin 0 + 2 hR Sin 0 (13(c))

Note that in equation (12) the distance ratio multiplying each of the last
three terms has been omitted c.f. equation (8), the effect of these factors
being insignificant. Equation (12) may then be expanded in terms of the
modulus and phase of Q and modified to account for averaging over 1/3 octave
bands in a similar manner to equation (9) and (10). The excess attenuations
for the first four ray groups were calculated for a model parameter of 1 x 101

MKS units and subtracted from the 1/3 octave source noise levels. The total
noise levels for each of the ray groups was then calculated and is shown
plotted in figure 12 as a function of the initial elevation angle 0. These
noise levels have been calculated for the source-receiver geometry appropriate
to the measurements of reference 1 (h; = 2.5 m, bR = 1.2 m, R = 2900 m) and

atmospheric attenuation has been ircludied using attenuation values recommended
in reference 11 for the measured surface meteorological conditions of
temperature 90 C, relative humidity 90%. Spherical spreading attenuation has
also been included.

The contribution to the total noise level of each ray group rises to a
maximum around 20 to 3" initial elevation angle and falls again with
increasing elevation angle, the fall being more rapid for the higher order
ray groups which suffer more ground reflections. The total expected noise

level is obtained by summation of the contribution from each ray group at the
appropriate elevation angle. The range-0 curve of figure 2 for ray tracing
using the measured meteorological conditions is approximately linear out to
ranges well beyond 2900 m. The initial elevation angle required for this
range is 0 = 2.80. The four angles appropriate to the first four ray groups

oare therefore 00, 0o/2, 0o/4 and 0o/8. Summnation of the appropriate levels
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from figure 12 gives a total predicted noise leVel .of 82 dBA at a range of
2900 m. The attenuation relative to the free space level at 320 m (104 dBA)
can be broken down into the following contributions; +19 dB spherical
spreading, +11 dB atmospheric attenuation and -8 dB ground attenuation due
to the multiple propagation paths now possible. Note that the atmospheric
attenuation is greater than for the simple spherical spreading model (+8 dB)
due to the change in the shape of the noise spectrum.after the inclusion of
ground reflections. The predicted noise level of 82 dBA can now be compared
to the observations of reference 1.

4.5 Comparison of results

The various model predictions of noise levels are set out in Table 2 to
allow a comparison with the observed noise levels. The simple spherical
spreading model in which the effect of the ground is neglected predicts a
noise level equal to the assumed source level of 104 dBA at the 320 m
position and a level of 77 dBA at the 2900 m position after allowing for
+19 dB spherical spreading attenuation and +8 dB atmospheric attenuation.
The predicted noise level difference between the two measuring sites is thus
27 dB. When ground effects are included the predicted level at 320 m is
97 dBA (from figure 9) for a model parameter of 1 x l0s MKS units and at
2900 m the predicted level is 82 dBA, a difference of 15 dB. The ground
attenuation model prediction is thus in close agreement with the observed
mean difference of 14 dB. Ground effects therefore provide an explanation
for the unexpectedly low attenuation between the two measuring positions
observed by Dickinson which does not involve focussing of energy by a
temperature inversion. The model results suggest that ground reflections
must be considered in any measurement programme which attempts to evaluate
meteorological effects on noise propagation.

The sensitivity of the model predictions to changes in several of the
experimental parameters was evaluated by recalculating the predicted noise
levels at both measuring positions for various flow resistances and for
various source and ieceiver heights. The results are summarised in Table 3.
The predicted noise level differences are not particularly sensitive to
changes in either source or receiver height. Some variation o~curs with
changes in the model flow resistance. Lower values of flow resistance
(1.0 to 1.5 x l0* MKS units) were found applicable to open grassland with
grass heights in the range 15 to 25 cm in reference 4 while higher values
(3 x 105 MKS units) were found appropriate to closely cut lawns, however
the extent of the dependence on grass covering as compared with the dependence
on the nature of the underlying soil is by no means clear. The model
parameter of 1 x 105 MKS units was chosen for comparison with the Gatwick
results on the ground that on available evidence, it was most likely to
represent the conditions of the experiment.

TIhe dependence of the predicted noise levels on the source spectrum
shape is somewhat more complex. The predicted noise level at the closer
position is most dependent on changes in source spectrum level in the
frequency range 1.5 to 5 kHz while the level for the distant position is most
dependent on changes in the range 400 to 800 Hz. This difference is
brought about by the combined effects of ground attenuation and atmospheric
absorption. The dependence of the predicted noise level difference upon
the source spectrum thus depends principally upon the relative changes made
in these two frequency ranges. Some of the considerable variation in the
observed noise level differences may be attributed to differing source
spectrums for different aircraft types and operating conditions. The
frequency distribution of the observed attenuations in 5 dB ranges is shown
in figure 13. The aircraft types for each range are also shown in the
figure. With two exceptions, the observations indicate a correlation with
aircraft type. The bulk of the observations (all jet aircraft) are grouped
in the 10 to 14 dB range, the two Comet observations lie bolow this range
and the three observations of propeller aircraft lie well above this range.
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The two exceptions are the single low measurement for a BAC 1-11 and the
high attenuation for one of the Caravells take-offs. These large differences
are difficult to explain, the most likely explanation being atmospheric

- turbulence effects which would be expected to cause considerable variations
in the received noise levels, particularly at the distant measuring position.
Data available on source noise spectra appropriate to these obseryations is
too sparse to allow a detailed study of the effects of diffezent aircaft types.

5. DISCUSSION

The investigation reported in this paper suggests that the unexpectedly low
attenuations observed by Dickinson(ref.l) between noise levels at ranges of
320 m and 2900 m from the runway at London (Gatwick) Airport were not due to
focussing by the concurrently observed temperature inversion. A consideration
of the effects of reflections from a ground plane of finite impedance has shown
that ground effects are sufficient to explain the apparent discrepancy between
the observed mean noise level difference of 14 dB and the expected difference
of 27 dB, this latter figure being obtained by considering spherical attenuation
and atmospheric absorption alone. Two points should be noted as a consequence
of these results. Firstly the suggestion that the temperature inversion did
not play a role in the reported observations should not be taken tc% suggest that
temperature inversions do not play a significant role in enhancing noise levels
in cases of near surface propagation in general. The ray trace results presented
in figure 3 for example show that considerable enhancement of noise levels can
be caused by the presence of a temperature inversion. Inversions may play an
important role in enhanced noise problems at florley, the ray trace results merely
indlicating that on the particular day in question the range to the focussing
'region was too large.

Secondly, it is clear that the effect of ground reflections must be considered
in predicting noise levels around a source on or near the ground. Ground effects
are likely to be important when extrapolating noise source levels out to large
distances for development of NEF contours. For example the noise levels
predicted in Table 2 indicate that the noise level at a range of 2900 m will be
underestimated by approximately 5 dB if the spherical spreading model alone is
used. Ground effects can thus make a contribution of this order to the excess
noise problem at Horley. These effects will be most important when predicting
noise levels in communities close to the airport boundaries where propagation
takes place over relatively clear ground.

la.
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TABLE 1. MEASUREMENTS OF AIRCRAFT TAKE-OFF NOISE MADE AT
LONDON (GATWICK) AIRPORT AS REPORTED IN REFERENCE 1

Peak Peak
Time Aircraft noise level noise level AttenuationStype 320 m 2900 m (dB)

__(dBA) (dBA)

1524 Caravelle 90 77 13

1533 Caravelle 95 64 31

1545 BACI-1I 96 84 12

1548 BACI-II 98 85 13

1628 DC-6 96 75 21

1728 DC-6 90 68 22

1739 BACI-I1 96 85 11

1808 BACI-I1 91 81 10

1825 707 94 76 18

1829 707 96 83 13

1837 Viscount 95 75 20

1840 BACI-I1 90 87 3

1842 BACI-II 97 85 12

1857 Comet 93 85 8

1928 Comet 92 89 3

1930 VC-IO 101 88 13
2059 BACI-II 96 83 13

2100 VC-10 99 85 14

2115 BACI-11 100 89 11

Mean 14 dB

_________________ ________________________ _______________________________ _____________________________ _____________________________
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"TABLE 3. SENSITIVITY ANALYSIS OF PREDICTED NOISE LEVELS AND NOISE
LEVEL DIFFERENCE (2900 m - 320 m) TO VARIATIONS IN THE
MODEL PARAMETER, SOURCE HEIGHT AND RECEIVER HEIGHT

Model Predicted noise level
Source height Receiver parameter 320 m 2900 m Difference1(m) height (m) (xlO' MKS units) (dBA) (dBA) (dB)

1 2.5 1.2 0.5 97 83 14

2.5 1.2 1.01 97 82 15

2.5 1.2 1.5 97 81 16

1 2.5 1.2 2.0 98 80 18

2.S 1.2 3.0 98 79 19

2.S 1.2 4.0 98 79 19

1.5 1.2 1.0 94 81 13

2.5 1.2 1.0 97 82 is

3.5 1.2 1.0 99 82 17

2.5 0.7 1.0 94 79 iS

2.5 1.2 1.0 97 82 is

2.5 1.7 1.0 100 84 16

pt
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Figures 1 & 2
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Figure 1. Temperature and wind profiles measured by radiosonde ascent at
Crawley, 1200 hours GMT, 18 December, 1971 (full lines), as

Staken from reference 1. Dashed lines are modified profiles
, assuming inversion height decreases by 100 m (see text).
Wind direction at each level is shown in brackets
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Figure 2. Range-O diagram for measured meteorological conditions and
propagation to the north (full curve). Range-O relation
for modified meteorological conditions of figure 1 is shown
as broken curve
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Figures 3 & 4
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Figure 3. Range versus intensity curve for measured meteorological
conditions and propagation to the north (full curve). Source
level of 110 dB at 100 m assumed and single hop propagation
only considered. Atmospheric absorption not included.
Intensity curve for modified meteorological profile of figure 1
is shown as dashed curve
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Figure 4. Sketch plan of Horley-Gatwick area showing location of focussing
region for the measured meteorological conditions. M1, M2 are
the noise measuring positions used in reference 1
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•', Figures 5 & 6
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Figure 5. Source-receiver geometry for straight line propagation
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Ic Figure 6. Assumed f•ree-space 1/3 octave band levels for source at a

I distane of 320
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Figures 7 & 8
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Figure 7. Comparison between model predictions and excess attenuations
measured by Parkin and Scholes(ref.10) for a range of 347 m.
The model parameter is 1.5 x 10" MKS units. Data is taken from
reference 4
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Figure 8. Model excess attenuations for source-receiver geometry
of reference 1 and various values of the model parameter
(x 105 MKS units). Range is 320 m



WRE-TR- 1917 (A)
Figures-9 & 10
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Figure 9. Predicted noise level at closer measuring position
* (R = 320 m) as a function of the model paramoter whenL ground attenuation included
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Figure 10. Diagram showing grouping of rays according to maximum height
reached; (a) Ray Group 1 with initial elevation angle 01,
(b) Ray Group 2 with initial elevation angle 02.
Note vertical scale exaggerated
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Figures 11 & 12
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Figure 11. Diagram illustrating composite source or receiver and path
difference calculation
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Figure 12. Predicted noise levels for first four ray groups as a
function of initial angle of elevation 0. Values are

for source-receiver geometry of reference 1 and the
model parameter is 1.0 x 105 MKS units. Atmospheric
absorption and spherical spreading attenuation included
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