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INTRODUCTION

The appearance of ncise exposure contours around an airfield does normally
not disclose to the user - maybe a town planner - how many often rough
assumptions which are hidden behind the smocoth curves.

At major airports where fleetmix contains a high jet-percentage little cave
as to the calculation of noise from propeller aircraft might be justified.
The persistent growth of general aviation and commuter air traffic de-
manding easily accessible airfields near big cities necessitates, howe-
ver, the use of a realistic noise exposure calculation methodology if
planners and local politicians do notwish to be blamed by the community,
An example of one far toe rough assumption uwsed worldwide is that two-
engined propeller aircraft are 31 dB more neisy than one-engined!

The new methodology described is intended for environmental control as
well as a tool for land use planning. It must be based onrealistic traf-
fic information combinedwith noise and performance data not oversimplified,
(me of the basic concepts is to simplify and systematize the great mul-~
titude of data available in order to form a noise-related classification,
usable both in caze of specific aircraft types being known or unknown,
The latter is normally the case for future calculations.

CALCULATION OF AIRCRAFT NOISE EXPOSURE

The Danish aircraft nolse exposure index is defined:
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where Lpp is the single event sound pressure level, n is the number of
events in each time periocd {day: 07-19 hrs, evening: 19-22 hrs, and night;
22-07 hrs), 3.16 and 10 are evening and night time weighting factors,
and B6400 are the number of seconds in 24 hours,
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The methodology is therefore based on the descriptor Lap, but could ea-
sily be adjusted to descriptors as Lamaxr Lpn:s ©T Lgpy-

Necessary information for noise exposure calculations are: noise and
performance data, traffic-mix data, and flight track system data {the
last of which will not be @iscussed in this paper}.

NCISE AND PERFCRMANCE DATA

Noise classification
All piston-engined propeller aircraft with MTOW below 5700 kg are divid-
ed into 4 noise classes (see Fig.l)} based on the so-called "noise fi-
gure" Lppaw which is the maximum A-weighted sound pressure lavel
measured when the aircraft is passing 300 m overhead the microphone at
max. continuous power in the normal operating range.
The noise figure Lpp.. corre-
FIG. 1 sponds to the ICAO noise cer-
tification level without per-
formance correctien,
ICAD Anngs 16 Aircraft beyond class IV ('max'$
T certihication ] are treated individoally,
whereas aircraft under class I

Hpise class LA,;la_ i

MTOW

1
1 - .
TS 81000 are left out of calculations.
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Fig.2 shows the distribution of ncise A o e man

figures for 80% of the 3000 piston=- cas n m m n
engined propeller aircraft (380 types} i

registered in the Neordic countries.
Despite a stight variation from one
country to another, the distribution
can be used generally if the actual
distribution is totally unknown or as
a basis of fleetmix prognosis.

Sound exposure level LaE as functien
of Lamax

A general connection between Lpp and
Lpmax 18 given by:

Lag (d,v) = Lamax * Alpmax (@) + ALz {d) + ALy (v}

where the distance dependency — #0%juee im0
Abamay (d} consists of geometric- § 2 :
al divergence and atmospheric
absorption (which depends on
.frequency spectrum), the dura-
tion. correction AL (d) depends
on directivity pattern and on the
curvature of the SPL vs. distance
and finally the velocity correc-
tion ALy (v) is logarithmic and
based'on a reference velocity.
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The authors examined the above-mentioned problems'[l] and found that.
the curve of Fig.3 gives a good approximation to Lap relative to Lamax
(at 300m) for all piston-engined propeller aircraft below 5.7 t.

T.ng as function of engine power setting

Examination of frequency spectra for take-off, climb, cruise, and approach
power for different aircraft types {1} showed that the slope of Lag vs. dist=
ance is nearly independent of power setting. Based on calculations of propel-
ler noise [2) and measurements the authors concluded that the values 4Lg to
be added to Lap at other power settings than max.cont. power can be ap-
proximated to the values in Fig.3 irrespective of aircraft type.

Noise propagation effects

Nolse propagation effects are treated in [1). It shall only be mention-
ed that the authors found that the ground attenuation medel of SAE AIR
1751 which is intended originally for jet aircraft noise is usable also

for piston-engined aircraft. FIG. &
Take-off and landing  A°'™ 20 protu | grasint.|rescesen: | pomrs
profiles * fenge  [tatwe | jueght
Based on flight manual I b

data covering 63t of " . atan + 140 kg
the pistop-engined 18

propeller aircraft re- w —t

gistered in theNordig p———p = ====== B
countries a climb gra- . ] 8 10-12% |a—11% | 120- W0 Wikg
dient classification [ ___—— " —T 71T

is defined in Fig.4. s:_:| N eon | | cizownne
Measurements of climb L= rumber of air cmit types

gradients [ 1} have shown no systematic deviatien from flight manual data.
Usable mean ground roll distances are for profile classes A, B, and ¢ respec-—
tively: 600 m, 500 m, and 400 m_ If the climb gradient is unknown, investiga-
tions [ 1] show that the power weight ratio (W/kg) yields a fairly good corre-
lation to the climb gradient. Power weight ratios are given in fig.4.
Landing profiles do not need to be treated individually for each air--
craft type. Adequate reliability for' the majority of calculations can
be reached by letting IFR-landings follow a 3° glideslope and VFR-land-
ings follow & 6° descent except for aircraft with MTOW exceeding 2,500
kg which follow a 4° descent, ’

TRAFFIC-MIX DATA

A data base reproduced in [1] covering nearly 380 piston-powered atr-.
craft typeé has been prepared by a Nordic working group. It contains
information on power, max. take-off weight, climb gradient, noise fi-
gure Lpmays N@ise ¢lassification, and number of aircraft reglstered in
the 4 Nordic countries (DK, N, S, and SF).

The main task at the beginning of any noise exposure calculation is to
divide the traffic-mix into a number of groups with common neise and
performance data.
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Dividing intc noise classes can be done in 4 ways:

» Dividing on specific aircraft types (use of data base}

& Estimation of noise class distributien directly

e Estimation of noise class distribution through wexghtclassdistribu-
tion. As an example the distribution for Danish registered piston-
engined propeller aircraft (approximately 900) is given in Table 1.

® An. average distribution, like in Fig.2, if no information is avail-
able,

Max. take-off weight Climb gradient

Noise

1.5- 2.,5= class
N PRI ER R class %] B | C
27% - I |_>. 35% | 60% | 5%
55% T4 11 g% | 10% D%
18% 2133 2% II1. 5% | 75% | 20%
27% Ot v 0% | 50% | 50%
Table 1 Table 2

pDividing into climb gradient classes can be done in 2 ways:

L D;rectly by use of the data base information on climb gradient ox
power weight ratio for specific aircraft types

e Indirectly by use of a general ncise and climb gradient classifica~-
.tion like the one in Table 2 (based on 1700 Nordic aircraft) .

The number of operations may be calculated for each climb gradient

class as an equivalent number of operations in one specific noise class.

CONCLUDING REMARKS

Thus it 1s possibly by means of a noise and climb gradient classifica-
tion to reduce the number of necessary calculations to comprise only 3
"aircraft types” without hiding a number of rough assumptions behind
the smocth noise exposure contours.
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