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vhere t, and t, are the instants belong-

low is to give a possibility for evalua-
ting the perceived aircraft noise level
in the function of aircraft position and
time. But perceived aircraft noise level
changes simultaneously with time and pos.
as the noise source, in this case the
aeroplane, is moving on the ground or in
the air. The change of the perceived no-
ise level can be calculated using the
noise attenuation equation.

Lpw=Lpyo=20 log 7%- (D-o)

where D is the distance from the
noise source;
Do is the referance distance;
LPN is the perceived noise level
o] -
at DO distance; and
B is the coefficient of air

noise attenuation.

The coefficient B depends on air
temperature, on its relative humidity
and, naturally, on the noise frequency.
The timely difference of the perceived
noise level arises actually from the time
functioned change of distance D measured
between the source of noise and the ob-
server.

The situation is rendered more comp-
licated by the Doppler effect which may
not be neglected because, at the charac-
teristic speed of, say, 170 metres per
sec, the frequency shift induced by it
can be as much as minus two thirds of,
or plus one full octave.

Noise abatment regulations use the
quantity of "noise energy content" as
this will bring into the correlation
theeffect harmful to human health.

Thus, ISO recommends to use the integral
of the perceived and time functioned
noise belonging to the noise attenuation
rate of minus 10 dB and divided by the
highest noise level, as expressed by

the equation
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ing to the noise attenuation value
of minus 10 dB as compared to the
highest perceived noise.

In an attempt to take into account
the above effects, the O-point of the
engine noise emittance coordinates was
taken as being permanently fixed to the
center of gravity of the aircraft and
the change of characteristics was calcu-
lated as the function of engine power
level and of the spectrum of Doppler
effect and, additionally, of :he momen-
-tary distance between the aircraft and
the observer.

To evaluate the perceivable noise
level at some given observation point
in any instant the knowledge of the coor-
dinates where the aircraft would be in
any given instant, of its vector velocity,
of its pitch angle and of its engine po-
wer levels is needed.

According to the above, two submo-
dels have been developed. First, the
movement of the plane at, and in the
vicinity, of the airport during its take
off, climbout and descend for landing
was simulated. The aircraft movement is
determined by the equations

4 .
‘%iﬂ’ WOyz Vig= @1y viz+ = (X-P) - g sth §

dv 1
S e Oy Vyz~ G4y V4x+;’ )/4_9 505\9’605[

J )

d\zz—-wm Yoy Qi+ e Zy-g casbsing
{

ddcitx_J_x [/"hx*' 1y 4z (]3 "Jz.>]

dt

dewrz 1
dt Jz

M,j’;[r']w + CQ,ZCJH( (Jz__Jx )]

[Myz +000¢ 21 (3=Ty)]



where Vigr vly and vy, are the veloci-
ties;
(.le, wly andwlz are angular

velocities of the aircraft;

Xy 0 ¥ and Zl are aerodynamic

forces; and

Mix + Mly '
nents of momentum in the coordi-
nate system the O-point of which
follows continuously the airc-

raft’s center of gravity;

and Mlz are compo-

P is the momentary thrust level;
JX, Jy' and Jz
moments of the plane. The other
inertia tensor elements have the
value of zero;

+F ana Y are the pitch and roll
angles.

are main inertia

The correlation between aerodynami-
cal forces and moments and velocities is
nion-linear but their linear approach
gives adequate precicion:
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The partial differential coefficients
are themselves variables. They are, there-~
fore, dependant by the highest degree upon
the velocity, the air density, its humidi-
ty, etc. what is expressed by the equati-
ons, for example:
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The total trastment needs the consi-
deration of some 40 parameters which are
defined by the structure of a given air-
craft type or by its aerodynamic charac-
teristics.

The second submodel will be the aco-
ustic one. By knowledge of the noise emit-
tance characteristics of a given aircraft
and of the meteorological conditions the
perceived noise at any coordinate point
/position/ on the ground can be calcula~-
ted by the method outlined earlier in
this treetment.

The equivalent noise can be summarized by
the equation:

‘LPNL

Leg™ k log Tz 10° At

To consider the influence of other
specified and scheduled flights with dif-
ferent flight pathes the value E is to be
calculated by the equation:

L Lo
E-5 {05 ™ at

and the equivalent noise level for all the
possible flight pathes will be:

1 2 ny &y
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€T T T
is the number of flight operati-

where n.
J

ons on the path j within the actual dura-

tion of T.
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Some results of adaptation of these onal Aerodrome Budapest-Ferihegy are
models to the vicinity of the Internati- given schematically below.

MAXIMUM NOISE LEVEL OF A SIMULATED TAKE-OFF
{1zofon curves in PN dB)

+ + o+ + 4+ + + -+ -+ + + + -
) 3 i M 'O T T T T é T
[=] [=4 o o o o
& % ° 8 8 7 8 a2 8 3 8 8 gmnm
[T I > - N W O N
~ - N ® n 0 =~ © O - o~
h [ - - -

1170



